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“We can’t impose our will on a system. We can listen to what the system tells us, and discover how its 

properties and our values can work together to bring forth something much better than could ever be 

produced by our will alone.” 

Donella H. Meadows, Thinking in Systems, 2008 
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Abstract 

There is a pressing need to develop a coherent and appropriate conceptualization of ‘resilience’ 

in the context of agricultural production as well as a tool for its practical assessment. Here I do 

both. I use a systematic and integrative approach to review and assess recent conceptualizations 

of ‘resilience’ and analytical frameworks. Following this review, I develop six conditions 

enabling resilience in agroecosystems, which inform the development of a conceptual framework 

and the selection of variables and indicators. Applying the conceptual framework to the Canadian 

agroecosystem in a general manner serves to identify opportunities for farmers and policymakers 

to assess, discuss, and manage agroecosystem resilience. The high-level assessment demonstrates 

that significant changes underway in the Canadian agroecosystem support resilience through re-

organization, adaptation, and learning. However, the current focus on maximizing productivity 

and efficiency often leads to reduced diversity; increased connectivity; protection against 

disturbances; reliance on anthropogenic inputs; and missed opportunities for shared learning and 

experimentation. This focus on productivity may not support the long-term resilience of 

agroecosystem. Therefore, ensuring that agroecosystems can adjust to big and small disturbances 

in the future requires that we shift our thinking to recognize and support the complex adaptive 

nature of agroecosystems and adopt adaptive management approaches.   



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 6 

Table of Contents 

Creative Commons Statement......................................................................................................... 3 

Abstract ........................................................................................................................................... 5 

Table of Contents ............................................................................................................................ 6 

List of Figures ................................................................................................................................. 8 

List of Tables ................................................................................................................................... 9 

Glossary ........................................................................................................................................ 10 

Acknowledgements ....................................................................................................................... 12 

Chapter 1: Introduction ................................................................................................................. 13 

Research Focus .................................................................................................................... 16 

Rationale and Significance .................................................................................................. 16 

Research Questions ............................................................................................................. 18 

Important Qualifications ...................................................................................................... 19 

Chapter 2: Interpretation of ‘Resilience’ for Agroecosystems ...................................................... 21 

Concepts of ‘Resilience’ from Ecological and Social Systems Theory .............................. 22 

Implications for ‘Agroecosystems Resilience’ .................................................................... 38 

Chapter 3: Operationalized Conceptual Framework to Assess Agroecosystem Resilience ......... 43 

The Need for an Integrative Systemic Approach ................................................................ 43 

Conditions for the Emergence of Agroecosystems Resilience ............................................ 49 



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 7 

Variable Selection and Operationalization .......................................................................... 71 

A Conceptual Framework for Agroecosystem Resilience ................................................... 75 

Chapter 4: Resilience of the Canadian Agroecosystem ................................................................ 80 

Methodology: Applying the Conceptual Framework .......................................................... 80 

Observations: Description of the Canadian Agroecosystem ............................................... 81 

Results: Insights into Agroecosystem Resilience ................................................................ 92 

Conclusions: Implications for the Management of the Canadian Agroecosystem .............. 98 

Chapter 5: Adaptive Management and Other Closing Thoughts ................................................ 105 

The Necessity of Complex Adaptive Systems Thinking ................................................... 105 

Adaptive Management Approach ...................................................................................... 106 

Parting Thoughts ............................................................................................................... 108 

References ....................................................................................................................................110 

Appendix A ................................................................................................................................. 123 

Appendix B ................................................................................................................................. 124 

Appendix C ................................................................................................................................. 134 

  



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 8 

List of Figures 

Figure 1: Artistic representation of a hypothetical stability landscape ………………………….33 

Figure 2: Artistic representation of the representation of the adaptive ………………………….36 

Figure 3: Proposed conceptualization of agroecosystems as social-ecological systems ……......73 

Figure 4: Conceptual framework for the assessment of social-ecological resilience of 

agroecosystems in Canada ………………………………………………………………………76 

 

 



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 9 

List of Tables 

Table 1: Different definitions and conceptualizations of 'resilience' used in ecology ………….23 

Table 2: Conditions for social-ecological resilience in agroecosystems ……………………… .52 

Table 3: First and second-tier variables and operationalized indicators ………………….…74-75 

Table 4: Observations for first- and second-tier variables for the Canadian agroecosystem ..82-83 

Table 5: Trends and trade-offs identified for the six conditions for the emergence of 

agroecosystem resilience ………………………………………………………………….…94-95 

 

  



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 10 

Glossary 

Agricultural production: In this study, agricultural production refers to the commercial 

agricultural production of crops and animals on managed agricultural land. Agricultural  

products serve as food, fiber, fuel, and pharmaceuticals to sustain human economic and 

social development goals. 

Agroecosystem: Ecosystems managed by humans for the production of agricultural products 

(food, fiber, fuel, and pharmaceuticals) and the provision of ecosystem services. 

Basin of attraction: Stable state for a system determined by various rules of interactions and 

feedbacks across multiple scales. 

Complex adaptive systems: Nonlinear systems able to adapt and transform without intent to 

changing environmental and social conditions. 

Conceptualization: A conceptualization is a variation of a generalized ‘concept’ carefully 

developed for a specific purpose. In this study, the development of a conceptualization of 

‘resilience’ is considered equivalent to creating a working ‘definition’ of the term. 

Conceptual framework: Analytical tool used to describe the relationships between concepts of 

interest (Adom, Hussein, & Joe, 2018). 

Disturbance: Event or series of events likely to trigger change in the rules of interactions and 

feedbacks in a system (in this report, the term is considered synonym with 

‘perturbation’).  

Ecosystem services: “The conditions and processes through which natural ecosystems, and the 

species that make them up, sustain and fulfill human life” (as cited in Zhang et al., 2007, 

p. 253). 
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Feedback: The reverberation of the effect of an action onto itself, either reinforcing or 

inhibiting the original action. 

Learning: “The process of modifying existing or acquiring new knowledge, behaviours, skills, 

values or preferences at individual, group or societal level” (Biggs et al., 2012, p. 434). 

Mental model: A personal and internal representation of reality used by people to reason, make 

decisions, and filter new information. 

Nonlinearity: The relationship between systems components where small causes can have 

large effects, and vice versa. Nonlinearity is a precondition for complexity (Cilliers et al., 

2013).  

Regime shift: A sudden change in the rules of interactions of a system, causing the system to 

reorganize within a new basin of attraction. 

Social-ecological systems: A conceptual system composed of “complex and evolving links 

between ecosystems and human societies” (Fisher et al., 2015, p. 144). These systems 

“operate within the biosphere as embedded parts of it, and co-evolve with and depend on 

it” (Berkes, 2017, p. 3). (The term ‘socio-ecological’ is also used in the scientific 

literature. However, I used the term ‘social-ecological’, because it “emphasizes that the 

two subsystems are equally important, whereas socio- is a modifier implying a less than 

equal status of the social subsystem” (Berkes, 2017, p. 3).) 

Systems thinking: “A set of synergistic analytic skills used to improve the capability of 

identifying and understanding systems, predicting their behaviors, and devising 

modifications to them in order to produce desired effects. These skills work together as a 

system" (Arnold & Wade, 2015, p.675). 
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Chapter 1: Introduction 

Humans are dependent on ecosystems and the services they provide. However, humans, 

through their activities, are changing these ecosystems at a rate and extent unprecedented in 

human history (Millenium Ecosysem Assessment, 2005). Particularly, our current reliance on 

fossil fuels and industrial agriculture is threatening to fundamentally, and perhaps irrevocably, 

transform the current Earth system (Rockström et al., 2009). 

Industrial agriculture, although essential to feed a growing world population, is an 

important driver of global environmental changes (Bennett et al., 2014; Chapman et al., 2017; 

Foley et al., 2011; Rockström et al., 2009; Springmann et al., 2018; Tilman et al., 2001). 

Effectively, agriculture contributes significantly to environmental changes, including climate 

change; land use change and biodiversity loss; and degradation of freshwater resources from 

nitrogen and phosphorous pollution (Foley et al., 2011; Springmann et al., 2018; Tilman et al., 

2001). Yet, it is expected that current global food production “would need to roughly double to 

keep pace with projected demands from population growth, dietary changes (especially meat 

consumption), and increasing bioenergy use” (Foley et al., 2011, p. 337). The dual challenge of 

increasing food production while also reducing agriculture’s environmental impacts has been 

termed the ‘sustainable intensification of agriculture’ (The Royal Society, 2009). Although the 

term is considered controversial (Garnett & Godfray, 2012), many researchers agree it reflects 

one of humanity’s greatest challenges for the twenty-first century (Foley et al., 2011; Rist et al., 

2014; Rockström et al., 2017; Struik & Kuyper, 2017). 

The sustainable intensification of agriculture could prove particularly challenging 

because of the vulnerability of modern food production systems to various disturbances. These 
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systems are highly specialized and designed to maximize the production of food, fuel, fiber 

(Chapman et al., 2017), and pharmaceuticals. However, such specialization, despite the 

impressive gains in productivity and efficiency it has afforded us, is increasing the vulnerability 

of agroecosystems “to disasters, including climatic disturbances, new diseases and economic 

calamities (sic)” (Foley et al., 2011, p. 341). Particularly, the reliance on an increasingly small 

number of species, degradation of water and soil resources (Foley et al., 2011), and the biological 

simplification of production systems (Tilman et al., 2001) are potential sources of instability and 

vulnerability, threatening the provision of essential ecosystem services to and from 

agroecosystems (Peterson, Eviner, & Gaudin, 2018; Rist et al., 2014). Meeting future 

productivity and sustainability goals will require changes in management practices to increase 

the tolerance of agroecosystems to a variety of disturbances, including environmental and 

climatic changes, while maintaining their productivity (Peterson et al., 2018; Springmann et al., 

2018; Struik & Kuyper, 2017). 

In response to the challenge of sustainable intensification in the face of disturbances, 

scientists and governments are increasingly interested in the concept of ‘resilience’ (Peterson et 

al., 2018). Although not a novel concept, ‘resilience’ is receiving more attention from researchers 

in a variety of fields (Bunnell, 2018; Fath, Dean, & Katzmair, 2015), including agriculture 

(Cabell & Oelofse, 2012; Peterson et al., 2018; Rist et al., 2014). In addition, the Government of 

Canada recognizes ‘resilience’ as a priority for agriculture in face of climate change (Standing 

Committee on Agriculture and Agri-Food, 2018; Trudeau, 2015). Similarly, the Science and 

Technology Branch (STB) of Agriculture and Agri-Food Canada identifies ‘agroecosystem 

resilience’ as one of its research priorities in 2019 (Government of Canada, 2016; Science and 
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Technology Branch, 2019). 

With ‘resilience’ becoming a prominent management objective, there is a pressing need 

to link existing scientific knowledge about ‘resilience’ and ‘agroecosystems’, to management 

decisions about these agroecosystems. Governments and industry could benefit from a 

comprehensive understanding of the technical ideas relating to the concept of ‘resilience’ in the 

context of Canadian agroecosystems. Therefore, a coherent and consistent understanding of the 

concept of ‘resilience’ based on a systemic and integrative understanding of agroecosystems is 

necessary to ensure that policies and management approaches are effective in managing the 

complex systems that are agroecosystems.  

My personal interest in the concept of resilience originated from my involvement in a 

policy planning exercise at Agriculture and Agri- Food Canada. As my colleagues and I worked 

to identify the challenges and opportunities for future policies to enhance agroecosystem 

resilience, it became apparent that the very concept of ‘resilience’ could be interpreted in several 

ways and, more importantly, that some of these interpretations would lead to vastly different, if 

not divergent, policies. I was particularly concerned that some of these proposed policies, 

although sound on their own, would eventually come to contradict or undermine the stated goals 

for agroecosystems resilience. Following this policy work, I became interested in applying the 

tools of systems thinking and environmental management to explore agroecosystems. I was 

particularly interested in understanding resilience from a systems perspective and identifying 

potential opportunities for interventions to enhance agroecosystem resilience.  

Although I made my initial observations regarding the ambiguity of the concept 

‘agroecosystem resilience’ while working at Agriculture and Agri-Food Canada, I expand the 
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focus of my research to include other groups and organizations involved in agriculture in 

Canada. My intent is to provide a more complete understanding of ‘resilience’ to benefit the 

agricultural sector in Canada. Agriculture and Agri-Food Canada undeniably plays a key role in 

the sector through its research, development, and knowledge transfer work, as well as the 

creation of national policies, programs, and regulations. As such, the department would benefit 

from a comprehensive and coherent interpretation of resilience specific for agroecosystems. 

However, other organizations, including provincial agricultural departments and industry groups, 

as well as the many diverse stakeholders in agriculture would also benefit from this 

interpretation. 

Research Focus 

This research project will define and apply the concept of ‘resilience’ in the context of 

Canadian agroecosystems. This will provide a foundation for the development and 

implementation of management decisions aimed at maintaining the production of agricultural 

products and ecosystem services in the face of novel and unexpected disturbances, notably the 

environmental changes brought by global climatic change. 

Rationale and Significance 

This study has three main purposes. The first is to develop an appropriate 

conceptualization of ‘agroecosystem resilience.’ This requires the careful consideration of the 

existing concepts of ‘resilience’, while also evaluating the characteristics and dynamics of 

Canadian agroecosystems. One conceptualization from systems science, defines ‘resilience’ as a 

property arising from a group of interconnected elements in a system. Since agroecosystems can 

be understood as complex systems composed of social and ecological elements, I adopt and build 
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upon a systems perspective to develop an appropriate conceptualization of ‘agroecosystems 

resilience’. For this research, the more demanding task of building a ‘conceptualization’ of 

resilience is, for simplicity, considered equivalent to creating a ‘working definition’ of the term. 

The second purpose of this study is to develop and operationalize a conceptual 

framework to assess agroecosystem resilience. Conceptual frameworks are analytical tools 

describing the relationships between various concepts of interest (Adom et al., 2018), thus, 

organizing otherwise independent ideas in an intellectually integrative and potentially revealing 

whole. As such, conceptual frameworks can provide valuable insights to guide management 

decisions and policies and to enhance the design of collaborative governance strategies and 

participatory research approaches (Folke, Biggs, Norström, Reyers, & Rockström, 2016; Preiser, 

Biggs, De Vos, & Folke, 2018). Therefore, developing and operationalizing a conceptual 

framework for agroecosystem resilience expands upon the conceptualization of resilience (the 

first purpose of the research) and serves to develop a more complete and appropriate 

understanding of what constitutes ‘agroecosystems resilience’ in Canada. Although the 

conceptual framework is not a tool designed to provide detailed and accurate predictions, it 

serves to develop an understanding of agroecosystems and to anticipate their responses to certain 

types of disturbances. Such insights can help decision makers develop a better understanding of 

what constitutes resilience in dynamic and complex agroecosystems and, in a practical sense, 

how to intervene to achieve the desired resilience outcomes.  

The third purpose of this study is to apply the conceptual framework to the Canadian 

agroecosystem in a general manner to develop insights into its long-term resilience. These 

insights can help decision makers and other stakeholders identify ways to enhance the resilience 
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of these systems to achieve Canada’s social, ecological, and economic objectives (Cumming et 

al., 2005). This work will provide important theoretical and practical insights for managers, 

policy makers, researchers, and agricultural farmers. 

The developed conceptual framework can be practically applied to inform the 

management of resilient agroecosystems using an adaptive management approach. ‘Adaptive 

management’ is a flexible and holistic approach shown to be particularly effective in managing 

complex, dynamic, and unpredictable social and ecological systems (Biggs et al., 2012; Holling, 

2001). By tapping into the adaptive capacity of the social systems forming agroecosystems, an 

adaptive management approach allows governments and industry to reap the benefits of social 

change in service of environmental resilience (Folke et al., 2010; Walker, Holling, Carpenter, & 

Kinzig, 2004). 

The developed conceptual framework can contribute to the adaptive management of 

agroecosystems (Salafsky, Margoluis, & Redford, 2001) by linking the current scientific 

knowledge and management actions to desired management objectives (Argent, 2009). Futher, 

an explicit conceptual framework is crucial to the development of a shared understanding and 

consensus building (Argent, 2009), both essential elements to the success of the adaptive 

management approach (Olander, Mason, Warnell, & Tallis, 2018).   

Research Questions 

This research project focuses on a central hypothesis that the development of a 

conceptual framework based on a coherent and appropriate definition of resilience can provide a 

foundation for better management of Canadian agroecosystems. The research project will utilize 

a systemic approach to answer the following questions, which correspond to the three research 
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purposes outlined above. 

1. What is an appropriate conceptualization of resilience for agroecosystems, based 

upon previous work in systems science, ecology, and social systems? 

2. Consistent with this conceptualization, how can a conceptual framework be 

developed and operationalized for assessing ‘agroecosystems resilience’? 

3. How can this framework be applied to the Canadian agroecosystem in general, and 

what valuable insights can be gained to inform policies and management? 

Important Qualifications 

In this document, I define agroecosystems as ecosystems designed and managed by 

humans to produce agricultural products. Further, I limit my focus to terrestrial ecosystems 

supporting large-scale commercial production of crops (primary production) and animals 

(secondary production). This excludes agricultural production from a variety of other ecosystems 

(e.g., fisheries and forestry, hobby gardening, urban agriculture, or artificial growing systems). 

However, this pragmatic choice does not imply that other production systems do not contribute 

to agricultural resilience in Canada nor that these systems should be overlooked when 

developing policies, programs, regulations, or management approaches for resilience. 

Similarly, the developed conceptual framework is defined here as an analytical tool 

(Adom et al., 2018), which explains complex agroecosystems by identifying and organizing 

useful concepts and their relationships for resilience. However, as these concepts are often 

understood differently from different disciplines, the framework also “[provides] an essential 

scientific dictionary for core concepts and their sub concepts” (McGinnis & Ostrom, 2014, p. 2), 

thereby allowing better transdisciplinary collaboration for adaptive management, including 
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participatory research. 

Various other important concepts are presented throughout this document. When 

introducing a new concept, I discuss its definition and interpretation in the context of my 

research. In addition, I also provide a list of key concepts used in this document, along with their 

definition, in the Glossary.  
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Chapter 2: Interpretation of ‘Resilience’ for Agroecosystems  

The concept ‘resilience’ is interpreted differently in various disciplines. In this chapter, I 

first review the etymology of the word ‘resilience’ and the evolution of the interpretation of the 

concept in ecology. This first step serves to summarize the current understanding of the concept 

of ‘resilience’ to develop a coherent and appropriate conceptualization of the concept of 

‘resilience’, which I will then apply to agroecosystems. 

For the purpose of this study, I focus on interpretations of the concept of resilience from 

the discipline of ecology. This choice is informed by the nature of agroecosystems and my 

personal interest and expertise. However, it is worth mentioning that various other interpretations 

of resilience are also applicable to agroecosystems and the communities they encompass (e.g., 

‘psychological resilience’, ‘community resilience’, or ‘infrastructure resilience’).  

A note of caution is required before I begin exploring the several interpretations of 

‘resilience’ and their related concepts. The term ‘conceptualization’ is sometimes used in 

reference to an informal and individual cognitive process of making sense of the world around 

us. However, ‘conceptualization’ also describes the explicit process of creating an understanding 

of a particular interpretation of a more general concept, to be shared and discussed with others, 

as I am doing here. 

Concepts are mental constructs used to explain the world and the patterns which we 

observe (Bunnell, 2018; Folke et al., 2010). However, concepts are not faithful representations of 

reality; they are simplifications that “serve to reveal some fundamental aspect of the world” 

(Bunnell, 2018, p. 6). Yet, other aspects of reality are invariably obscured (Bunnell, 2018). It is 

therefore useful to remember that no concept can fully depict reality. In the remainder of the 
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document, I point out some of the simplifications inherent to the concepts under review. 

Concepts of ‘Resilience’ from Ecological and Social Systems Theory 

The word ‘resilience’ is derived from the Latin resilientem¸ which means “inclined to 

leap or spring back” (Bunnell, 2018, p. 3). The term was first used to describe the behaviour of 

elastic materials, but has acquired an extended sense connoting a general “ability to recover from 

or adjust easily to misfortune or change” (Merriam-Webster, n.d.). The term ‘resilience’ has 

entered into popular usage where it is used in a variety of disciplines such as ecology, sociology, 

psychology, medicine, business, and more (Bunnell, 2018).  

In ecology, the understanding of ‘resilience’ was first influenced by an engineering 

interpretation derived from observations of mechanical systems (called ‘engineering resilience’). 

This interpretation later evolved to account for the nature of ecological systems (‘ecological 

resilience’), and of complex natural systems (‘social-ecological resilience’). Table 1 presents a 

summary of these definitions of ‘resilience’ used in ecology, as well as assumptions and 

limitations inherent to each interpretation. Appendix A provides a more comprehensive list of 

some of the common definitions of the term ‘resilience’ from a variety of disciplines and 

contexts. 
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Table 1 

Different definitions and conceptualizations of 'resilience' used in ecology. 

 Definition Focus Assumption and limitation Measurement 

Engineering resilience  How fast a variable that has been displaced 

from equilibrium returns to it. Resilience 

could be estimated by a return time, the 

amount of time taken for the displacement to 

decay to some specified fraction of its initial 

value (Folke, 2006, p. 256) 

System efficiency, 

consistency, and 

predictability 

 System has a unique stable 

equilibrium 

 Recovery process is independent of 

frequency and extent of 

disturbance(s) and heterogeneity of 

the system 

Return to 

equilibrium or 

recovery time  

 

Ecological resilience 

The capacity of [an ecosystem] to absorb 

disturbance and reorganize while undergoing 

change so as to still retain essentially the 

same function, structure, identity, and 

feedbacks (Walker et al., 2004, p. 1) 

System persistence 

and robustness 

 Multiple equilibrium states possible 

with varying organization 

 Regime shifts can occur when a 

disturbance causes the rules of 

interactions of the system to 

change, and the system moves to a 

new equilibrium 

Function/identity, 

structure, and 

organization of the 

system 

Social-ecological 

resilience 

The magnitude of disturbance that can be 

tolerated before a [social-ecological system] 

moves to a different region of state space 

controlled by a different set of processes 

(Carpenter et al., 2001, p. 765). 

System renewal, 

regeneration, and re-

organization 

 Multiple equilibrium states possible 

with varying organization and 

desirability 

 Recovery process affected by 

frequency and extent of 

disturbances as well as the spatial 

and temporal heterogeneity of the 

system 

 Capacity of social-ecological 

systems to learn, adapt, and 

transform 

 Adaptability and transformability 

can affect long-term resilience 

  

Function/identity, 

structure, and 

desirability of the 

system 

The ability of a [social-ecological system] to 

maintain its identity in the face of internal 

change and external shocks and disturbances 

(Cumming et al., 2005, p.976) 

The capacity of an [social-ecological system] 

to sustain a desired set of [ecosystem 

services] in the face of disturbance and 

ongoing evolution and change (Biggs et al., 

2012, p. 423) 
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Evolution and application of the concept of ‘resilience’.  In the next two sections, I 

review in more detail the evolution of the three interpretations of resilience commonly used in 

ecology: ‘engineering resilience’, ‘ecological resilience’, and ‘social-ecological resilience’ as 

well as their assumptions and limitations. Finally, in the last section, I explore other attributes of 

systems that strongly influence resilience.  

From elastic materials to natural systems.  Until the 1970s, ‘resilience’ was interpreted 

in ecology as the rate at which natural systems return to their original equilibrium after a 

disturbance, in accordance with the concept of engineering resilience (Folke, 2006; Folke et al., 

2010). Engineering resilience presumes that natural systems, similarly to elastic materials, have 

one stable equilibrium, which they try to recover if displaced by a significant disturbance. At the 

time, it was assumed that this recovery process occurs independently of the composition of 

natural systems, as well as the frequency and extent of disturbances.  

This interpretation of resilience places its focus on maintaining the efficiency, 

consistency and predictability of systems and does not account for the capacity of natural 

systems to change in response to disturbances (Folke, 2006). As the predominant paradigm in 

ecology at the time, “the single equilibrium view . . . substantially shaped contemporary natural 

resources and environmental management with attempts to control resource flows in an optimal 

fashion” (Folke, 2006, p. 256).   

The first technical definition of ecological resilience was proposed by the ecologist C. S. 

Holling in 1973, based on his observation of the existence of multiple stability domains in 

natural systems (Bunnell, 2018; Carpenter, Walker, Anderies, & Abel, 2001; Folke, 2006; 

Meadows, 2008). Holling, while studying interacting animal populations, observed that multiple 
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stable states are inevitable in natural systems. As a result, he considered ‘resilience’ to be the 

capacity of a natural system to remain in one stable state and proposed that “resilience 

determines the persistence of relationships within a system and is a measure of the ability of 

these systems to absorb changes . . . and still persist” (as cited in Folke, 2006, p. 254).  

This new interpretation of resilience challenged the dominant single equilibrium 

paradigm and did not receive much support in the ecological community at the time. In addition, 

early attempts to confirm this new interpretation were unsuccessful as ecologists struggled to 

find relevant spatial and temporal scales to analyze existing ecosystem data (Folke, 2006). 

However, supporting evidence eventually emerged from a range of ecosystems leading to a wider 

acceptance of the concept of ‘ecological resilience’ by ecologists. 

This new concept of ‘ecological resilience’ provided insights into the behaviour of 

complex natural systems (Folke, 2006). However, although the concept of engineering resilience 

accurately explains the behaviour of linear systems and provides a good approximation for the 

behaviour of nonlinear systems near a stable equilibrium, it does not explain nor predict the full 

range of behaviour of complex natural systems. This is because complex natural systems are 

“process-dependent organic [systems] with feedbacks among multiple scales that allows these 

systems to self-organize” (Folke, 2006, p. 257) “without system-level intent or centralized 

control” (Walker et al., 2006, p. 3). As result, natural systems are nonlinear systems subject to 

path dependency and regime shifts (Folke, 2006; Folke et al., 2004; Meadows, 2008).  

Path dependency refers to the various rules of interactions (paths) that change as systems 

evolve and change, generating multiple potential stable states (referred to as ‘basins of attraction’ 

or ‘stability domains’) during the development of these systems (Folke, 2006; Folke et al., 2004). 
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‘Regimes shifts’ happen when systems change from one basin of attraction to another, triggering 

their associated path dependencies. These shifts between basins of attraction can occur when a 

perturbation causes sudden changes in a system, “such that the trajectory of the system changes 

direction – towards a different [basin of attraction]” (Folke et al., 2004, p. 559). In this case, the 

system would not return to its original equilibrium, as the concept of engineering resilience 

would predict.  

There is now substantial empirical evidence of the existence of multiple basins of 

attraction in natural systems, as well as well-documented instances of gradual and dramatic 

regime shifts between alternate states (Carpenter et al., 2001; Folke, 2006; Folke et al., 2004; 

Resilience Alliance, 2010). By demonstrating that natural systems do not always behave as 

engineered systems, these observations further support the concept of ‘ecological resilience’ for 

natural systems. 

Social-ecological systems and their resilience.  In parallel, these observations concerning 

the nature and behaviour of natural systems were extended to concomitant social systems, 

leading to the development of the concept of ‘social-ecological systems’ and a different 

interpretation of the concept of ‘resilience’.  

In general terms, social-ecological systems (SES) are defined as systems composed of 

interdependent natural and social subsystems (Colding & Barthel, 2019; Levin et al., 2013; 

Ostrom, 2009). These “systems [link] people and nature” (Levin et al., 2013, p. 112). In the 

Anthropocene, most ecosystems, except the more remote and isolated, can be understood as 

social-ecological systems because of the far-reaching influence of human actions (Ostrom, 2009; 

Redman, Grove, & Kuby, 2004).  
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Social-ecological systems are often nonlinear complex systems that adapt and transform 

with changing environmental and social conditions (Holling, 2001; Levin et al., 2013; Walker et 

al., 2004). Similarly, to complex natural systems, these systems are therefore “characterized by 

scale effects, nonlinearities and tipping points, inherent uncertainty or unpredictability, self-

organization, connectivity, path dependency, and emergent properties such as resilience” (Berkes, 

2017, pp. 1-2). However, these systems also contain “adaptive components and capacities” 

(Preiser et al., 2018, p. 2). For these reasons, these systems are called ‘complex adaptive systems’ 

(CAS).  

The concept of ‘social-ecological systems’ and the concept of ‘complex adaptive 

systems’ overlap significantly and are often used to describe different aspects of the same 

systems. In fact, social-ecological systems are considered complex adaptive systems (Biggs et 

al., 2012; Levin et al., 2013; Preiser et al., 2018; Reyers, Folke, Moore, Biggs, & Galaz, 2018). 

In this study, I use the term ‘social-ecological systems’ predominantly when referring to the 

composition and structure of systems, whereas I generally resort to the term ‘complex adaptive 

system’ when discussing systems dynamics.  

The new insights into the behaviours of complex systems led to the development of the 

concept of ‘social-ecological resilience’. In this context, ‘resilience’ is interpreted as “the 

capacity of a [social-ecological system] to continually change and adapt yet remain within 

critical thresholds” (Folke et al., 2010, p. 1). This conceptualization of resilience focuses on the 

maintenance of the structure and function of the system through change and adaptation in both 

the social and natural subsystems.  
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Although the concept of resilience has received a lot of attention in recent years (Bunnell, 

2018; Peterson et al., 2018); the concept of ‘resilience’ only captures a portion of the evolution of 

our understanding of social-ecological systems. In fact, given that the nature of social-ecological 

systems may change over time, two additional attributes are needed to understand the dynamics 

of these systems (Folke et al., 2010). These attributes are ‘adaptability’ and ‘transformability’, 

and both contribute to and draw from the overall resilience of social-ecological systems. 

Understanding these attributes can provide additional insights into the behaviour and 

management of complex social-ecological systems (Folke et al., 2010; Walker et al., 2004) and 

to a practical conceptualization of ‘agroecosystem resilience’. Therefore, I discuss both system 

attributes in the following section. 

Adaptability and transformability.  Adaptability is “the capacity to adjust responses to 

changing external drivers and internal processes and thereby allow for development along the 

current trajectory (stability domain)” (Folke et al., 2010, p. 1). Adaptability contributes to 

resilience by allowing the actors in the system to take actions affecting the stability domain of 

the system, modifying the basin of attraction of a given system. In social-ecological systems, 

“this amounts to the capacity of humans to manage resilience” (Walker et al., 2004, p. 3).  

Transformability also affects the resilience of social-ecological systems. The role of 

transformability in resilience is surprising, even counterintuitive, as transformability allows 

actors in the system “to create a fundamentally new system when ecological, economic, or social 

structures make the existing system untenable” (Walker et al., 2004, p. 5), reconfiguring 

completely the stability landscape of the system (Folke et al., 2010). Although the system may 
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change drastically, transformability allows for long-term resilience by allowing the actors to 

achieve their ecological, economic, and or social goals. 

This concludes the review of the evolution of the interpretation of the concept of 

‘resilience’. As described, this evolution led to various working definitions of ‘resilience’ (as 

summarized in Table 1). The review of the evolution of interpretations of the ‘resilience’ in 

ecology and social systems reveals five related concepts that I use to develop an understanding 

of ‘agroecosystem resilience’. The ecological notions of systems structure and dynamics, notably 

the existence of multiple state states, are important in defining resilience. The attributes of 

adaptability and transformability of social systems are also relevant and call attention to the 

importance of change as well as the capacity of actors to exert their agency within these systems. 

To continue the development of an appropriate and practical conceptualization of resilience, it is 

now useful to consider another perspective: the tools of systems analysis.  

Tools of systems analysis.  ‘Resilience’ can be understood as a property arising from a 

group of interconnected elements in a system. Although this correct, but incomplete description, 

is helpful in providing the context for resilience to be expressed, ‘resilience’ remains an abstract 

and complex concept (Bunnell, 2018; Cumming et al., 2005). Researchers in the field of systems 

science have therefore developed tools and heuristics to describe, understand, and visualize 

resilience. In the following section, I describe three sets of tools that are useful for my purposes: 

the principles of systems dynamics, the stability landscape, and the adaptive cycle.  

Principles of systems dynamics.  

Understanding the principles of systems dynamics is important to understand the 

behaviour of complex non-linear systems such as social-ecological systems. Here, I discuss 
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principles of systems dynamics as they pertain to social-ecological systems: slow and fast 

variables and feedback mechanisms as well as their interaction to create nonlinear behaviour.  

In social-ecological systems, elements change and interact at different timescales, which 

create both ‘slow variables’ and ‘fast variables’ (although it is important to note that ‘fast’ and 

‘slow’ are relative terms in this context) (Walker et al., 2012). ‘Fast variables’ change rapidly in 

the system, hence their name. These variables are typically related to goods and services “of 

primary concern to ecosystem users, such as crop production, clean water and favored 

species” (Walker et al., 2012, p. 2). However, the dynamics of fast variables are affected by other 

variables in the systems, which change more slowly. These variables are often called ‘slow 

variables’ (Walker et al., 2012). Slow variables determine the underlying structure of systems 

and, together with external drivers, shape the dynamics of fast variables. In ecological systems, 

slow variables are processes linked to regulating ecosystem services, such as soil regeneration, 

water purification, or climate regulation (Biggs et al., 2012; Walker et al., 2012; Walker et al., 

2006). In social systems, slow variables include legal systems, as well as actors’ values and 

traditions (Biggs et al., 2012), which supports underlying mental models (Jones, Ross, Lynam, 

Perez, & Leitch, 2011).   

Feedback mechanisms also play a vital role in understanding the behaviour of systems. 

Feedback mechanisms occur when the effect of an activity travels through the system and 

subsequently affects the activity itself, “sometimes directly, sometimes after intervening stages. 

Feedback can be positive (enhancing, stimulating, reinforcing) or negative (detracting, inhibiting, 

counterbalancing)” (Cilliers et al., 2013, p. 2). These feedback loops convey information about 

the system and serve to regulate its behaviour (Clancy, 2013; Meadows, 2008). These 
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mechanisms also play a vital role in maintaining systems within a desirable basin of attraction 

(Biggs et al., 2012; Cilliers et al., 2013; Folke et al., 2004; Resilience Alliance, 2010). In natural 

systems, ecological processes affecting soil, water, biodiversity, and climate create ecological 

feedback mechanisms that modulate the production of ecosystem services. Also, in social 

systems, “monitoring is a specific form of feedback, in which information about the state or 

responses of the [social-ecological system] feeds back to actors so that they can change the way 

they utilize, affect, or manage [the system]” (Biggs et al., 2012, p. 431).  

In complex social-ecological systems, the components of social-ecological systems of the 

system react to information received from immediate neighbours, not from the system as a 

whole. This gives rise to short-range interactions and nonlinearity in complex social-ecological 

systems. Nonlinearity is a precondition for complexity and “ensures that small causes can have 

large effects and vice versa” (Cilliers et al., 2013, p. 2). Nonlinearity in these systems is caused 

by the existence of multiple basins of attractions and thresholds, as well as non-linear feed back 

loops (Preiser et al., 2018). Short-range interactions appear in complex systems because 

interactions and feedbacks usually occur between neighbouring components. However, due to 

the richness of interaction in complex systems, the influence of these interactions can travel 

through many routes to reach the entire system.  

Short-range interactions mean that “each component in the system is, therefore, ignorant 

of the behavior of the system as a whole” (Cilliers et al., 2013, p. 2). This implies that self-

organization and adaptability in complex systems occur “without system-level intent or 

centralized control” (Walker et al., 2006, p. 3). Moreover, the complexity of the system emerges 

from the dynamic interactions between elements, rather than from elements themselves. It is 
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therefore impossible for the components to ‘know’ the system (in this context, ‘knowing’ refers 

to both the cognitive processes of humans and the adaptive responses of other system elements). 

In fact, “if each component knew what is happening to the system as a whole, all the complexity 

would have to be present in that component, which is physically impossible” (Cilliers et al., 

2013, p. 2).  

Given that researchers, as actors in the systems, are also bound by short-range 

interactions, the behaviour of complex social-ecological systems is often difficult to predict. 

However, several tools exist to help organize out thoughts about systems, such as the stability 

landscape, which I describe in the next section. 

 Stability landscape.  The stability landscape is a visual representation that illustrates the 

dynamics of a system by showing the potential stable states for the system, also called basins of 

attraction. These basins of attraction vary in depth and size according to the aspects of resilience 

for the system. The stability landscape therefore provides information about how much 

disturbance a system could take before experiencing a regime shift. It also indicates potential 

new stable states and depicts, in relative terms, how likely a system is to return to the original 

state following a disturbance. I present a hypothetical example of a stability landscape in Figure 

1.Although a stability landscape is a useful heuristic to convey information about the dynamics 

of the system, this representation is itself a simplification of the system. When dealing with real 

social-ecological systems, it is important to remember the following: 

 

The concept of alternative stable states with clear-cut basins of attraction is a highly 

simplified image of reality in ecosystems. Attractors may be stable points or more 
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complicated cycles of various kinds. Intrinsic tendencies to produce cyclic or chaotic 

dynamics are blended in intricate ways with the effects of environmental stochasticity, 

and with trends that cause thresholds as well as the nature of attractors to change over 

time. (Folke et al., 2010, p. 2) 

Figure 1. Artistic representation of a hypothetical stability landscape (also called the ‘resilience 

landscape’). The gray circles represent hypothetical systems at different states within the stability 

landscape. Adapted from Hodgson et al. (2015). 

 

Nevertheless, with proper care, the stability landscape can help characterize the dynamics 

of social-ecological systems. There are four crucial aspects of social-ecological resilience, 

latitude, resistance, precariousness, and panarchy, the first three of which are represented in 

Figure 1 (Folke et al., 2002; Folke et al., 2004; Gunderson & Holling, 2002; Peterson et al., 

2018; Walker et al., 2004). These aspects of social-ecological resilience are relevant to the 

development of an appropriate and practical conceptualization of agroecosystem resilience, and 

P
O

T
E

N
T

IA
L
 E

N
E

R
G

Y
 

Stable Stable Unstable 

latitude 

resistance 

precariousness 

SYSTEM STATE 



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 34 

 

therefore, I address them in more detail later. 

Latitude, represented as the width of the basin of attraction in the stability landscape 

system, is the maximum amount of change a system can sustain before losing its ability to 

reorganize and recover (Folke et al., 2004). If a disturbance pushes the system beyond its 

latitude, it could cross a threshold, making it difficult or even impossible for the system to 

recover and remain within the same basin of attraction (Folke et al., 2004; Walker et al., 2004).  

Resistance is defined as “the ease or difficulty of changing the system” (Folke et al., 

2004, p. 573). This attribute is represented as the depth of the basin of attraction, indicating that a 

change in the state of the system with high resistance requires greater disturbances (Folke et al., 

2004; Walker et al., 2004). 

Precariousness is the proximity of the current state of the system to a threshold (Folke et 

al., 2004; Walker et al., 2004). A system with high precariousness is located near a threshold and 

a small disturbance might suffice to bring the system over the threshold. Conversely, a system 

with low precariousness is located near the middle of the basin of attraction and away from 

thresholds.  

Finally, panarchy relates to cross-scale interactions in the system. Because of these 

interactions, the attributes of the system (latitude, resistance, and precariousness) “are influenced 

by the states and dynamics of the (sub)systems at scales above and below the scale of interest” 

(Walker et al., 2004, p. 573). Panarchy also means that the resilience of a system at a particular 

scale is dependent on the states and dynamics at scales above and below (Folke et al., 2004; 

Walker et al., 2004).  

Thus, considering the visual metaphor of Figure 1, the management of agroecosystem 
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resilience would mean achieving a stable and desirable system state allowing sufficient 

production of agricultural goods and services to meet human needs. However, as the aspects of 

social-ecological resilience are interrelated and dependent at various scales, achieving such a 

stable state would engender trade-offs for management. As these trade-offs emerge from 

complex interactions, they can be difficult to predict or explain, as described in Chapter 3 under 

the ‘Conditions for the Emergence of Agroecosystem Resilience’. 

Adaptive cycle.  Panarchy is challenging to represent in a single stability landscape. 

Instead, researchers often use the nested adaptive cycle as a metaphor to illustrate panarchy.  

The adaptive cycle is a conceptual tool developed to illustrate and explain changes in 

complex adaptive systems such as social-ecological systems (Gunderson & Holling, 2002; 

Sundstrom & Allen, 2019). First developed by C.S. Holling in 1986, the ‘lazy eight’ figure 

represents the four phases of system dynamics (see Figure 2).  The proposed model is an 

extension of the traditional ecological concept of succession, which focused primarily on the 

transition between exploitation and conservation phases (Fath et al., 2015; Folke, 2006; 

Resilience Alliance, 2019). By including the release and reorganization phases, the adaptive 

cycle model more accurately describes the dynamics of complex systems, which experience 

prolonged period of stability followed by brief periods of reorganization when resources and 

energy stored in the system are released (Carpenter et al., 2001; Folke, 2006; Gunderson & 

Holling, 2002; Resilience Alliance, 2019). Recently, Burkhard, Fath, and Müller (2011) 

contributed to the adaptive cycle model by proposing a modified version addressing the openness 

and connectivity of natural systems.  
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Figure 2. Artistic representation of the representation of the adaptive cycle (also called the ‘lazy 

figure eight’) re-drawn to show resilience. Adapted from the model developed by Gunderson and 

Holling (2002) and modified by Burkhard et al. (2011). 

 

According to the adaptive cycle model, social-ecological systems pass through four 

characteristic phases: the growth or exploitation phase (r phase); the conservation phase (K 

phase); the release phase (also called the collapse phase) ( phase); and the reorganization or 

renewal phase (phase) (Carpenter et al., 2001; Folke, 2006; Resilience Alliance, 2019). The 

‘front loop’ is composed of two phases, r (exploitation) and K (conservation), whereas the  

(release) and  (reorganization) phases constitute the ‘back loop’. In the front loop, systems 

accumulate resources and relationships, at first rapidly, then slowly as the conservation phase is 

reached. Systems spend a substantial portion of their time in the front loop and systems in the 
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conservation phase are often considered to be near equilibrium with stable large-scale features 

(Sundstrom & Allen, 2019). In the back loop, there is a rapid release of accumulated resources in 

the release phase followed by a period of reorganization dominated by colonization processes in 

the renewal phase. The back loop of the adaptive cycle is characterized by rapid dynamics, often 

precipitated by disturbances (Sundstrom & Allen, 2019). Therefore, in the adaptive cycle, a 

“sequence of gradual change is followed by a sequence of rapid change, triggered by 

disturbances. Hence, instabilities organize the behaviors as much as do stabilities” (Folke, 2006, 

p. 258).  

In ecosystems, key processes occur at different spatial and temporal scales, resulting in 

“scale domains, or spatio-temporal domains over which key processes, ecological structure, and 

resources either do not change or change monotonically” (Sundstrom & Allen, 2019, p. 2). As a 

result, ecosystems are complex systems with multiple and nested domains of scales moving 

through separate phases of the adaptive cycle. At lower and faster spatial and temporal scales, 

disturbances and self-organization processes govern the cycling dynamics confined within these 

scales, while renewal and regeneration processes are dependent on system memory at larger 

scales. These changes on multiple spatial and temporal scales produce nested adaptive cycles 

with bi-directional cross-scale feedbacks, resulting in ‘panarchy’ (the broadly predictable 

relationships across scales) (Gunderson & Holling, 2002; Sundstrom & Allen, 2019).  

The model of the adaptive cycle describes the dynamics of complex systems and their 

resilience. According to the model, “resilience changes throughout the adaptive cycle, and 

different aspects of resilience assume prominence at particular phases of the cycle” (Carpenter et 

al., 2001, p. 766). In natural systems, resilience is highest at the end of the re-organization phase 
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(Burkhard et al., 2011) and decreases as the systems reach the conservation phase. This is 

attributable to the increasing number of connections within the systems, which makes systems 

more vulnerable to disturbances (Sundstrom & Allen, 2019). Interestingly, adaptability has an 

inverse trajectory (Burkhard et al., 2011). 

Empirical evidence exists to support the dynamics of complex adaptive systems 

corresponding to the four phases described in the adaptive cycle from a range of fields, including 

real and simulated ecosystems (e.g., Burkhard et al., 2011), social organizations, and geopolitical 

states (Sundstrom & Allen, 2019). In addition, Sundstrom and Allen (2019) concluded that, in 

addition to empirical evidence, several “theories on endogenously driven dynamics of change 

buttress [the] argument that nested adaptive cycles are generic and ubiquitous dynamics of 

complex adaptive systems” (p. 4). 

The adaptive cycle metaphor is useful to generate hypotheses about the dynamics, and 

resilience, of complex social-ecological systems and thus also of agroecosystems. In addition, 

“the conceptual linkage between structures and processes both in the socio-economic and the 

ecological realm makes the adaptive cycle a valuable tool in systems analysis and management” 

(Burkhard et al., 2011, p. 2879). However, as with any conceptualization, the adaptive cycle as a 

model of the dynamics of complex adaptive systems is inherently incomplete and should not be 

relied upon for detailed system analysis (Burkhard et al., 2011; Gunderson & Holling, 2002). 

Implications for ‘Agroecosystems Resilience’ 

My review and analysis of key definitions found in the literature reveals that ‘resilience’ 

is a property of systems. Although this fundamental observation has remained unchanged over 

the last decades, the evolution of the understanding of natural systems and their dynamics has led 
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to different conceptualizations of ‘resilience’. The most recent interpretation of resilience is 

concerned with understanding the dynamics of social-ecological systems and maintaining 

desirable system functions as these systems normally move through all the phases of the adaptive 

cycle. 

Understanding this systems-based interpretation of the concept of ‘resilience’ is useful, 

but not sufficient to determine what constitutes ‘agroecosystem resilience’. In this section, I build 

upon this foundation by critically analyzing the structure, functions, and ensuing dynamics of 

agroecosystems. I then link the findings with key ideas from the literature, to determine the most 

appropriate conceptualization of resilience for agroecosystems, thus addressing my first research 

question. 

Engineered systems or managed ecosystems?  Because of their reliance on human 

interventions, agroecosystems mimic engineered systems and are routinely considered as such 

(Chapman et al., 2017; Zhang, Ricketts, Kremen, Carney, & Swinton, 2007). Effectively, 

agroecosystems are designed and managed by humans for agricultural production. These 

systems, unlike natural systems, are therefore dependent on humans for their existence. In fact, 

without continuous interventions by humans (e.g., tilling, planting, harvesting, or protecting, 

etc.), the biophysical components of agroecosystems would quickly reorganize to resemble 

natural systems and would not support large-scale agricultural production (Cabell & Oelofse, 

2012).   

However, agroecosystems are also dependent on natural conditions and processes for the 

production of products and services (Chapman et al., 2017; Foley et al., 2011; Peterson et al., 

2018; Rist et al., 2014; Zhang et al., 2007). Effectively, without natural processes such as soil 
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formation or nutrient and water cycling, primary and secondary agricultural production would 

not be possible. These processes “determine the underlying biophysical capacity of 

[agroecosystems]” (Zhang et al., 2007, p. 253) to produce a variety of agricultural products and 

services. For that reason, agroecosystems can also be understood as ‘managed ecosystems’ (The 

Biodiversity information system for Europe, n.d.). 

I suggest that considering agroecosystems as social-ecological systems behaving as 

complex adaptive systems is a way to resolve the tension between the views of agroecosystems 

as engineered systems and as managed ecosystems. Yet, understanding agroecosystems as 

complex adaptive systems does not merely resolve the tension; it recognizes, and builds on, the 

validity of both views – that is the importance and interplay of both human interventions and 

natural process to support large-scale agricultural production. 

This understanding of agroecosystems as complex adaptive systems is corroborated by 

the observations of scientists. In fact, and although there is currently no consensus on the number 

and nature of defining characteristics of complex adaptive systems (Berkes, 2017; Preiser et al., 

2018), agroecosystems have been shown to exhibit several characteristics of complex adaptive 

systems, namely multi-scalarity, multi-causality, teleconnections, cumulative impacts, and 

regime shifts (Chapman et al., 2017). In particular, the observation of regime shifts in 

agroecosystems indicates the existence of multiple stable states and implies nonlinear dynamics, 

thus indicating that these systems follow trajectories similar to the one depicted in the adaptive 

cycle model previously discussed. 

Therefore, based on these observations, a conceptualization of resilience using the 

concepts of engineering resilience would not accurately explain nor predict the dynamics of 
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these nonlinear systems, as they move between stability domains. Similarly, a conceptualization 

of resilience resting solely on the concept of ecological resilience could not address the relative 

desirability of the different stability domains to humans who manage these systems, nor account 

for the adaptability and transformability attributes of social systems as they shape 

agroecosystems.  

A social-ecological conceptualization of resilience, however, effectively addresses the 

possibility of regime shifts between more or less desirable stability domains, as well as the 

ability of actors to modify or transform these domains to meet their needs and changing 

environmental conditions. I therefore conclude that the structure, functions, and dynamics of 

agroecosystems are most appropriately synthesized in a social-ecological conceptualization of 

resilience. I expand upon my conceptualisation and explore its implication on agroecosystem 

management in the following section. 

Agroecosystems management.  Agroecosystems are commonly defined by their 

productive function (Foley et al., 2011; Rist et al., 2014) and their management often focuses on 

maintaining yields while reducing variability (Chapman et al., 2017). These practices are 

considered ‘promoting resilience’ in agroecosystems (as discussed in the introduction, it was the 

challenges of such common language that led me to begin this study). However, these common 

practices, when understood within the context of the adaptive cycle, are effectively prolonging 

the conservation phase in agroecosystems (Cabell & Oelofse, 2012; Rist et al., 2014). Yet, as 

discussed, the conservation phase is characterized by a lower system resilience. As a result, 

prolonging this phase may significantly increase the probability of regime shifts (Burkhard et al., 
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2011; Cabell & Oelofse, 2012). Therefore, common management practices to enhance resilience 

are working against the presumed goal.  

 As described above, the social-ecological conceptualization of resilience implies a shift 

from agroecosystem management policies and regulations focused primarily on controlling 

resources flows in systems assumed to be stable, “to managing the capacity of [agroecosystems] 

to cope with, adapt to, and shape change” (Folke, 2006, p. 254). I discuss specific applications to 

improved management of agroecosystems, based on this conceptualization, in the following 

chapters. 

The purpose of this chapter was to answer the research question: “What is an appropriate 

conceptualization of resilience for agroecosystems?” Based on the literature review and critical 

conceptual analysis, I conclude that the social-ecological conceptualization of resilience is most 

appropriate for agroecosystems, which depend simultaneously on natural processes and sustained 

human interventions. This conceptualization of resilience acknowledges the significant role of 

change in agroecosystem resilience and the role of managers in enhancing system renewal, 

learning, and adaptation. In the following chapter, I use this interpretation to develop a 

conceptual framework to understand and assess the resilience of agroecosystems.  
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Chapter 3: Operationalized Conceptual Framework to Assess Agroecosystem Resilience 

In the previous chapter, I addressed my first research question by narrowing the focus of 

resilience for agroecosystems to the specific social-ecological conceptualization. In the current 

chapter, I build on this conceptualization to answer my second research question: “How can a 

conceptual framework be developed and operationalized for assessing ‘agroecosystem 

resilience’?” 

As a first step in the development of a conceptual framework, I review and evaluate some 

of the most common analytical frameworks, which were specifically developed for social-

ecological systems. I then explore some of the challenges inherent to assessing resilience in 

agroecosystems, as identified by researchers. In the following section, I also review six 

conditions playing a central role in the emergence of social-ecological resilience in 

agroecosystems. These conditions, together with a knowledge of existing analytical social-

ecological frameworks, serve as a foundation in the development of a new conceptual framework 

to assess agroecosystem resilience. In the last section of this chapter, I present my proposed 

conceptual framework of agroecosystem resilience and discuss its operationalization through the 

selection of appropriate variables and indicators.  

The Need for an Integrative Systemic Approach 

Traditionally, researchers have attempted to understand social-ecological systems and 

their behaviours by “[pursuing] answers to fundamental questions. . . from within the boundaries 

of one discipline or another, neglecting the relationships between ecological and social systems” 

(Redman et al., 2004, p. 163). However, as many scholars have argued, an integrative systemic 

approach transcending disciplinary boundaries is necessary to understand social-ecological 
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systems and their resilience (Berkes, 2017; Berkes, Colding, & Folke, 2003; Berkes, Folke, & 

Colding, 1998; Binder, Hinkel, Bots, & Pahl-Wostl, 2013; Cilliers et al., 2013; Levin et al., 2013; 

Preiser et al., 2018; Redman et al., 2004; Virapongse et al., 2016).  

As I described previously, agroecosystems can be understood as social-ecological 

systems. In these systems, humans, intentionally or not, influence the overall dynamics of 

systems, including their resilience (Cilliers et al., 2013; Folke et al., 2010; Redman et al., 2004; 

Walker et al., 2004). However, reductionist research approaches, that reduce these systems to 

their individual components, constrain humans as external observers in natural systems (Berkes, 

2017; Folke et al., 2002; Folke et al., 2010; Preiser et al., 2018). Understanding and assessing the 

resilience of social-ecological systems however requires an integrative approach recognizing the 

interplay of human actions in natural systems on which we depend (Walker, Carpenter, 

Rockstrom, Crépin, & Peterson, 2012).  

Furthermore, agroecosystems, as complex adaptive systems can have nonlinear 

dynamics, which in turn engender emergent properties such as resilience. However, identifying 

and assessing emergent properties in complex adaptive systems also requires an integrative and 

systemic approach. This is attributable to the fact that emergent properties do not exist in relation 

to any given element in the system. In fact, these properties exist in systems because of the 

dynamic interactions between their elements (Cilliers et al., 2013; Preiser et al., 2018). “The 

dynamic character of emergent phenomena is not a property of a pre-established, given whole, 

but arises and becomes apparent as a complex system evolves over time” (Cilliers et al., 2013, p. 

2). Therefore, decomposing social-ecological systems into their constituent parts (a frequent 

practice in reductionist approaches, as described above) effectively destroys systemic emergent 
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properties (Preiser et al., 2018). For these reasons, complex social-ecological systems “must be 

studied as intact systems” (Cilliers et al., 2013, p. 2). 

Studying complex social-ecological systems as intact systems requires different tools 

than the ones traditionally used by reductionist approaches. This need for an integrative and 

systemic approach has led to the development of various social-ecological analytical 

frameworks. In the next section, I review some of the most common frameworks used to analyse 

social-ecological systems to determine their appropriateness for assessing and analyzing the 

resilience of agroecosystems. 

Existing social-ecological analytical frameworks.  The growing interest in the concept 

of ‘social-ecological systems, which I described in the previous chapter, led to the creation of 

different analytical frameworks enabling researchers to study interlinked social and ecological 

systems (Colding & Barthel, 2019) as complete systems. In this section, I review, evaluate, and 

contrast some of the most common analytical social-ecological systems frameworks. This review 

is the first step in the development and operationalization of a conceptual framework to assess 

the social-ecological resilience of agroecosystems.  

The first analytical social-ecological framework was proposed by Berkes and Folke in 

1998 to “find ways to match the dynamics of institutions with the dynamics of ecosystems for 

mutual social-ecological resilience and improved performance” (as cited in Colding & Barthel, 

2019, p. 1). Other frameworks have since been proposed to analyze social-ecological systems, 

but few treat both social and ecological systems with equal depth (Binder et al., 2013). 

The original framework (Berkes et al., 1998) is a descriptive framework “primarily 

dealing with the linkages among institutions, management practices, and different environmental 
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knowledge systems” (Colding & Barthel, 2019, p. 7). The authors believe that ecological 

knowledge and an understanding of the dynamics of the ecological systems play a critical role in 

linking social and ecological systems. They argue that this knowledge is necessary to the 

sustainable use of resources and forms the basis of management practices and local institutions 

(Berkes et al., 1998; Colding & Barthel, 2019).  

A few years later, in 2007, Ostrom proposed a diagnostic framework to assess the 

sustainability of social-ecological systems (Colding & Barthel, 2019; McGinnis & Ostrom, 2014; 

Ostrom, 2007, 2009). Ostrom’s explicit purpose was to “challenge the presumption that scholars 

can make simple, predictive models of social-ecological systems and deduce universal solutions, 

panaceas, to problems of overuse or destruction of resources” (Ostrom, 2007, p. 15181). The 

framework was first proposed to assess the sustainability of social-ecological systems, and more 

precisely the management of common-pool natural resources. However, modifications have now 

been made to expand the scope of the framework to a wide range of issues of resource 

management in social-ecological systems (McGinnis & Ostrom, 2014). 

In addition to treating social and natural systems equally, Ostrom’s framework considers 

the dynamics of social-ecological systems by focusing on the interactions between the resource 

units and the actors in these systems. The author proposed that these interactions shape both the 

resource system and the governance system (McGinnis & Ostrom, 2014; Ostrom, 2007, 2009). 

This framework has however been criticized for its anthropocentric and utilitarian view of 

natural systems (Binder et al., 2013). 

Colding and Barthel (2019) reviewed the evolution of social-ecological systems 

frameworks over the last 20 years and concluded that, while no common framework exists, the 
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original framework proposed by Berkes and Folke in 1998 (Berkes et al., 1998) was most 

frequently used by researchers to analyze social-ecological systems. Colding and Barthel (2019) 

also noted that researchers used Ostrom’s diagnostic framework  (Colding & Barthel, 2019).  

Although both social-ecological analytical frameworks could provide valuable insight 

into the management of agroecosystems, neither was designed specifically to assess 

agroecosystems resilience. I therefore conclude that modifications are necessary to use these 

existing analytical social-ecological frameworks to assess agroecosystem resilience. This is due, 

in part, to the challenges in assessing social-ecological resilience as well as the complexity and 

unique function of agroecosystems. 

Challenges inherent to agroecosystem resilience.  Despite increased interest in the use 

of social-ecological systems frameworks (Colding & Barthel, 2019), researchers generally agree 

that assessing the social-ecological resilience of these systems remains a challenging task (Levin 

et al., 2013; Preiser et al., 2018). In general, this is due to the abstract, multi-dimensional 

(Carpenter et al., 2001; Cumming et al., 2005), context-dependent, and emergent (Cabell & 

Oelofse, 2012) nature of social-ecological resilience. In addition, resilience at one scale (called 

‘specified resilience’ and referring to the resilience of a system’s component to a particular type 

of disturbance) may undermine the resilience of the system at a higher scale (known as ‘general 

resilience’ and referring to the resilience of the system to a wide range of disturbances, including 

unknown disturbances) (Cabell & Oelofse, 2012; Folke et al., 2010).  

Assessing the resilience of agroecosystems is further complicated by their complexity 

and variability (Cabell & Oelofse, 2012), as well as their fundamental differences with other 

social-ecological systems (Peterson et al., 2018). In fact, some researchers argued that the 
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complexity and variability of agroecosystems is such that their resilience cannot be measured 

directly. These authors suggested that agroecosystem resilience could only be assessed indirectly 

using behavior-based indicators (Cabell & Oelofse, 2012). Similarly, other researchers advocated 

that the measurement of agroecosystems resilience required the development of resilience 

surrogates (Bennett, Cumming, & Peterson, 2005; Carpenter, Bennett, & Peterson, 2006). Other 

researchers proposed modifications to existing analytical social-ecological frameworks to better 

address the complexity of agroecosystems (Guisepelli et al., 2018; Peterson et al., 2018; Rist et 

al., 2014). For instance, Peterson et al. (2018) called for a modified framework for the analysis of 

resilience in agroecosystems, which would explicitly consider the productive functions, 

regulation mechanisms, and scale of interactions of these production systems.  

Building on C.A. Peterson et al.’s (2018) suggestion, I combined the original descriptive 

social-ecological systems framework developed by Berkes and Folke (1998) with the analytical 

framework developed by Ostrom (2007, 2009) and her colleagues (McGinnis & Ostrom, 2014) 

to create a conceptual framework that takes into consideration the importance of anthropogenic 

interventions and ecological processes for the resilience of agroecosystems.  

Both frameworks are compatible because both consider social and ecological systems as 

a set of nested subsystems. In addition, both frameworks focus on the interactions between social 

and ecological systems. Although Berkes and Folke were primarily concerned with the sharing of 

ecological knowledge, Ostrom defined many interactions, including information sharing. Hence, 

I used the sharing of agroecological information as the link between ecological and social 

subsystems. This approach is also appropriate in complex social-ecological systems, given that 

information transfer has been identified as one type of interaction between physical and 
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nonphysical components in complex systems (Cilliers et al., 2013). In addition, Ostrom’s 

purported anthropocentric and utilitarian view of social-ecological systems (Binder et al., 2013) 

is consistent with the structure and primary function of agroecosystems (Cabell & Oelofse, 2012; 

Foley et al., 2011; Peterson et al., 2018). However, Berkes and Folke’s framework balances this 

approach by providing insights into the functioning of ecological subsystems, and their 

underlying ecological processes.  

Ostrom’s framework was not specifically designed to assess resilience; it was developed 

to assess sustainability. However, given that resilience is an underlying property of sustainability 

and is influenced by management decisions, I conclude that it possible to use Ostrom’s analytical 

framework to assess resilience by selecting appropriate variables, as I do later in the chapter. 

First, I explore the challenges related to assessing resilience in agroecosystems; those inherent to 

social-ecological systems and those specifically linked to agroecosystems. 

Conditions for the Emergence of Agroecosystems Resilience 

To ensure that the conceptual framework is not merely descriptive, but allows for the 

assessment of long-term agroecosystems resilience, I take time here to review the conditions that 

make resilience possible in agroecosystems. This step precedes the selection of first- and second-

tier variables in the development of the conceptual framework. I consider this step necessary, 

even essential, given that resilience is an emergent property in complex systems (Cabell & 

Oelofse, 2012; Carpenter et al., 2001). As such, it is challenging to predict how the elements in 

the systems can dynamically interact when faced with a disturbance. However, several tools of 

systems analysis can provide insights into the resilience of complex social-ecological systems, 
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such as systems principles (e.g., fast and slow variables, feedback mechanisms, and mindsets 

(Meadows, 2008)), the adaptive cycle, and the stability landscape. 

In the following section, I use these tools, as well as the work done by researchers using 

the principles of thermodynamics and complexity science to understand social-ecological 

resilience in agroecosystems. Finally, I draw upon the principles developed by Biggs et al. 

(2012) for enhancing social-ecological resilience as well as the resilience indicators proposed by 

Cabell and Oelofse (2012). I also consider the observations and suggestions made by Peterson et 

al. (2018) and Rist et al. (2014), who discussed the operationalization of social-ecological 

resilience in the context of agroecosystems. 

In this section, I develop six agroecosystems conditions that provide the contextual basis 

to understand the emergence of resilience. Later, I use these conditions to guide the selection of 

first- and second-tier variables as well as the indicators forming the conceptual framework for 

the assessment of agroecosystem resilience. As described, these conditions are essential to ensure 

that the conceptual framework can be used to assess the long-term resilience of agroecosystems 

to a wide range of disturbances. 

In a theoretical sense, the six conditions for the emergence of agroecosystem resilience 

answer the question “what would a resilient agroecosystem look like?” Answering this question 

is necessary to establish a solid foundation for the development of a conceptual framework to 

assess agroecosystem resilience. Effectively, without the guidance provided by the six 

conditions, the conceptual framework would only serve to describe agroecosystems and draw 

some general conclusions. The six conditions for resilience are necessary to assess 

agroecosystems resilience and identify concrete and specific opportunities for interventions. 
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As I hinted already, in a practical sense, the six conditions for the emergence of 

agroecosystem resilience can be considered ‘management guidelines’ for resilient 

agroecosystems. Effectively, the six conditions point to types of management practices 

supporting the long-term resilience of agroecosystems. Although the managements practices 

themselves are not the focus of this section, as they are likely to change from an agroecosystem 

to the next, and evolve over time; their outcomes influence the long-term resilience of 

agroecosystems. The six conditions contributing to the emergence of social-ecological resilience 

are summarized in the Table 2, along with their respective phase in the adaptive cycle.  
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Table 2 

Conditions for social-ecological resilience in agroecosystems (format adapted from Cabell and 

Oelofse (2012)). 

Conditions Definition of agroecosystems Implication for resilience 
Adaptive 

cycle phase 

Productivity Actors in agroecosystems can meet 

their nutritional, financial, cultural, 

and social needs. 

The agroecosystem provides 

provisioning and cultural ecosystem 

services, which increases the desirability 

of the system for actors. Productivity 

acts as a feedback mechanism in 

agroecosystems. 

Conservation 

Functional and 

response diversity 

Agroecosystem relies on a variety of 

elements (e.g., genes, crop and animal 

species, land uses, management 

practices, social and governance 

institutions). 

Diversity and redundancy provide 

options for responding to disturbances. 

However, diversity has associated costs, 

which may undermine its benefits and 

other conditions. 

Throughout, and 

particularly 

during 

reorganization 

Moderate 

connectivity 

Actors, species, and resources in 

agroecosystems are connected to 

maximize the exchange of material 

and information, but without 

affecting diversity and heterogeneity. 

Connectivity facilitates the flow of 

material and information within the 

system and between systems, enabling 

resilience. However, high connectivity 

can be detrimental to the resilience of 

the system. 

Throughout 

Internal regulation of 

ecosystem services  

Agroecosystems operate within their 

local resources base. Waste and by-

products are used locally. Policy and 

incentives are in place to protect and 

enhance regulating ecosystem services. 

Reliance on local resources acts as a 

regulatory mechanism to maintain or 

enhance regulating ecosystem services 

which support agriculture production. 

 

Reorganization, 

exploitation, 

and 

conservation 

(foreloop) 

Exposure to 

appropriate 

disturbances 

Agroecosystems are exposed to 

regular, discrete, small-scale 

disturbance events.  

Exposure to disturbances supports 

diversity in the system and stimulates 

renewal and reorganization, which 

contributes to resilience at different 

scales. In the social system, disturbances 

can mobilize actors and resources, 

creating new social configurations.  

 

Release and 

reorganization 

(back loop) 

Shared learning and 

experimentation 

Participatory processes are in place 

for the development and sharing and 

implementation of knowledge. These 

processes promote collaboration and 

long-term resilience and serve to 

strengthen local resource 

management institutions. 

 

Shared learning and experimentation 

offer opportunities to revise, broaden, 

and adapt understanding of 

agroecosystems to suit new conditions. 

Participatory processes contribute to 

honoring the legacy of agroecosystems.  

Throughout 

 

Productivity.  The production of provisioning ecosystem services is the main function of 

agroecosystems (Fischer et al., 2015; Peterson et al., 2018; Rist et al., 2014). However, unlike 
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natural systems, agroecosystems require continuous human interventions to remain in the 

landscape. Indeed, without interventions (e.g., tilling, planting, harvesting, or protecting), 

agroecosystems would revert to natural system configurations and would not support large-scale 

agricultural production (Cabell & Oelofse, 2012). This observation implies that the resilience of 

agroecosystems is partly dependent on the actors’ willingness to perform the necessary actions to 

maintain agroecosystems in the landscape. 

However, to justify carrying out these actions, actors in agroecosystems must receive 

benefits from their work, in the form of valuable products and services. Indeed, for actors, 

productivity determines the “contextual basis as to the desirability of a particular state in an 

agroecosystem in the long term, i.e., the ability to reliably produce enough food, fuel and fiber” 

(Peterson et al., 2018, p. 20) to meet human needs. Productivity is also expected to become more 

important for agroecosystems as human needs increase with a growing population and 

agricultural land is becoming scarce (Rockström et al., 2017). 

Productivity in agroecosystems affects profitability, which also determines the 

desirability of agroecosystems. Actors working in agroecosystems should be able to make a 

living from their work. In fact, according to Cabell and Oelofse (2012), profitability contributes 

to the reduction of burn-out and rural flight as well as the overextension of natural resources.  

Maintaining an appropriate level of productivity and profitability in agroecosystems is 

therefore a powerful feedback mechanism that contributes to the conservation phase of the 

adaptive cycle (Cabell & Oelofse, 2012). However, because many complex factors affect 

profitability, including subsidies and various market forces, profitability falls outside the scope 

of this project and is not directly assessed here. 
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The productivity in a resilient agroecosystem allows the actors to support their needs. In 

general, this means that the community within the agroecosystem benefits from the 

agroecosystems through food production, direct and indirect employment, or a perceived good 

quality of life. In some cases, the agroecosystems directly benefit the actors such as when the 

food produced is shared at local farmer markets or through cropsharing. In other cases, the 

benefits may be indirect, such as a strong sense of community developing within the 

agroecosystem through either employment or the enjoyment of a particular way of life derived 

from the agroecosystem.  

Functional and response diversity. Two types of diversity are necessary to understand 

the dynamics of social-ecological systems (Walker et al., 2006), and specifically, agroecosystems 

(Cabell & Oelofse, 2012): functional diversity and response diversity. In both cases, greater 

diversity contributes to resilience by providing an assortment of options for functions and 

responses (Biggs et al., 2012; Cilliers et al., 2013; Folke, 2006; Peterson et al., 2018). Functional 

diversity refers to the distinct functions performed by the unique assortment of elements in 

agroecosystems. In other words, functional diversity is the sum of the functions that each 

element performs within the system. Functional diversity supports functional redundancy, which 

“refers to the capacity of functionally similar elements to partly or fully substitute for each other” 

(Biggs et al., 2012, p. 425). Response diversity, in contrast, refers to the diversity of responses to 

disturbances among the elements in agroecosystems (Biggs et al., 2012; Cabell & Oelofse, 

2012).  

In social-ecological systems, functional and response diversity contribute to resilience by 

ensuring that some elements can maintain the production of ecosystem services at different times 
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and when the systems are faced with disturbances. The different elements in the systems exhibit 

distinctive characteristics, spatial and temporal distribution, and responses or tolerance to 

disturbances (Cabell & Oelofse, 2012). When the systems are faced with disturbances, some 

elements can persist and continue to provide ecosystem services (in the ecological subsystems) 

or facilitate the production of ecosystem services (in the social subsystems) (Biggs et al., 2012).  

Such response to disturbance is central to social-ecological resilience, as it allows systems to 

maintain their identity.  

In the adaptive cycle, optimal levels of diversity contribute to all phases of the cycle, but 

particularly to the reorganization phase. Effectively, diversity increases the probability of having 

elements remaining in the systems after a disturbance, which contributes to faster system 

reorganization by providing seeds for renewal (Berkes et al., 2003; Cabell & Oelofse, 2012; 

Folke et al., 2010; Gunderson & Holling, 2002).  

However, in both social and natural systems, diversity has associated costs and trade-offs, 

particularly in the form of competition and reduced efficiency (Biggs et al., 2012; Cabell & 

Oelofse, 2012; Cilliers et al., 2013; Sundstrom & Allen, 2019). For this reason, researchers argue 

that agroecosystems could reach a saturation point, after which the costs of diversity outweigh its 

potential benefits. However, this saturation point may differ from one agroecosystem to the next, 

depending on local conditions and disturbances. As such, the goal of the conceptual framework is 

not to establish an optimal level of diversity applicable to all agroecosystems, but to encourage 

the review of the functional and response diversity of the focal system (while also considering 

the other conditions for resilience) to determine if the resilience of the systems could benefit 

from greater or lesser diversity.  
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The types of management practices that support functional and response diversity are 

practices that increase the number of crops and livestock produced in an agroecosystem in time 

and space. These practices include the planting of many crops in the agroecosystem at the same 

time (i.e., polyculture or intercropping) or in succession (i.e., longer and diversified crop 

rotations). Similarly, for livestock production, practices that increase genetic, breed, and species 

diversity can lead to greater functional and response diversity. Finally, the integration of 

livestock and crop production can also improve the diversity of the agroecosystem and, thus, its 

resilience.  

Moderate connectivity.  Connectivity is defined as the manner and the extent by which 

elements interact within a system and between systems (Biggs et al., 2012; Cabell & Oelofse, 

2012). In agroecosystems, this refers to the dynamic relationships between actors, species, and 

resources as they disperse and interact across the natural landscape and within the social 

subsystem (Biggs et al., 2012). “Connectivity in [social-ecological systems] facilitates the 

exchange of material or information necessary for the functioning of ecological and social 

processes, and hence often directly affects the production of [ecosystem services]” (Biggs et al., 

2012, p. 428). 

For resilience, the diversity, and strengths of connection between elements is as important 

as the diversity of elements themselves. “The number and strengths of connections within a 

system and between systems can determine its capacity for adaptation, transformation, and 

overall responsiveness to changes” (Cabell & Oelofse, 2012, p. 6; Gunderson & Holling, 2002). 

Connectivity also facilitates recovery following a disturbance, through recolonization processes 

(Biggs et al., 2012). 
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However, similar to functional and response diversity, high connectivity in a system may 

make a system more vulnerable to disturbances (Biggs et al., 2012; Cabell & Oelofse, 2012). In 

fact, high connectivity can hasten the spread of disturbances in natural systems, such as diseases 

or pests. In social systems, high connectivity can lead to the homogenization of knowledge 

(Biggs et al., 2012), leading to a loss of diversity in mental models, management practices, and 

institutions. As such, moderately connected systems are most resilient (Biggs et al., 2012; Cabell 

& Oelofse, 2012). This is also supported by the observation that the resilience of natural systems 

is highest at the end of the re-organization phase, when systems have fewer connections 

(Burkhard et al., 2011; Sundstrom & Allen, 2019). 

As described, connectivity plays a key role throughout the adaptive cycle (cf. Cabell & 

Oelofse, 2012), from the release phase by enabling the spread of disturbances, to the 

reorganization (Biggs et al., 2012), exploitation, and conservation phases.  

Similar to the functional and response diversity, there are tradeoffs between the costs and 

benefits of connectivity. These costs and benefits may vary from one agroecosystem to the next 

and at different points in time. Actors should use the conceptual framework to engage in 

conversations and identify potential points of intervention in the system to either enhance or 

reduce connectivity for greater social-ecological resilience in their systems of interest.  

Maintaining an appropriate level of connectivity in the agroecosystem to support 

resilience is closely linked to diversity. In fact, adopting diversification practices such as those 

discussed above could help farmers maintain appropriate connectivity. In addition, managing 

connectivity would also require the diversification of other parts of the agroecosystem that 

support the production (e.g., suppliers of seeds, equipment, or fertilizer), transformation (e.g., 
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food processing plants or slaughterhouses); and selling of agricultural products (e.g., buyers or 

markets).  

Managing connectivity through diversification of the food production system may be 

perceived as contrary to efforts aimed at cutting costs, increasing efficiency and predictability, 

and competing in global markets. This is a good example of the trade-offs implied in long-term 

agroecosystem resilience. As I mentioned already, there is no magical number against which to 

assess connectivity. However, the benefits of increasing system efficiency must be assessed 

along with the risks inherent to decreasing resilience in the agroecosystem.  

Internal regulation of ecosystem services.  Enhancing the resilience of social-ecological 

systems requires the management of critical slow variables and their feedback (Resilience 

Alliance, 2010), which I discussed in Chapter 2. Effectively, “changes in slow variables and 

feedbacks can lead to nonlinear changes or regime shifts in [social-ecological systems] if certain 

thresholds are exceeded, with substantial impacts on the set of [ecosystem services] produced” 

(Biggs et al., 2012, p. 430). Monitoring and managing changes in slow variables and feedback 

can therefore contribute to the prevention of undesirable regime shift in agroecosystems.  

Although the importance of slow variables for resilience has been widely acknowledged 

in the literature, there are many practical challenges associated with the identification and 

management of slow variables (Biggs et al., 2012). In comparison to fast variables, slow 

variables change at a slower rate, making these changes difficult to observe and measure (Biggs 

et al., 2012; Cilliers et al., 2013). This might be a particular concern in agroecosystems, where 

agricultural yields (a fast variable) are often the actors’ primary focus. However, Biggs et al. 

(2012) suggested “maintaining regulating [ecosystem services] as a proxy for managing slow 
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variables might be a practical way forward” (p. 431) to managing slow variables. Although this 

approach to managing slow variables seems practical in agroecosystems, it has unique 

implications in these systems given the importance, and prevalence, of human interventions. 

Building upon Biggs et al. (2012) suggestion, I now explore the ramifications of managing 

regulating ecosystem services for agroecosystems resilience.  

In agroecosystems, regulating ecosystem services are often replaced by anthropogenic 

inputs (e.g., fertilizers, pesticides, technologies, fossil fuel, antibiotics, irrigation) (Rist et al., 

2014). This can lead to a loss of internal regulation and creates what Rist et al. (2014) call 

‘coerced resilience’: an unstable state artificially maintained in agroecosystems through the 

constant use of anthropogenic inputs, at the detriment of ecological processes. In these systems, 

external feedback mechanisms replace internal feedback from ecological processes (e.g., 

fertilizers replace soil nutrient cycling; pesticides control pest damage; irrigation provides water 

to crops in dry conditions). Yet, these systems retain essentially the same structure and function. 

In fact, these “highly modified production systems can, through anthropogenic inputs rather than 

ecological processes, mimic the response of resilient natural systems to a specified disturbance, 

in their capacity to return to pre-disturbance system states” (Rist et al., 2014, p. 6). These 

modified systems remain productive despite ongoing disturbances, such as impoverished soils, a 

pest outbreak or limited rainfall.  

Although the use of external input has afforded substantial productivity gains in 

agroecosystems, it has many implications for the long-term resilience of these social-ecological 

systems (Peterson et al., 2018; Rist et al., 2014). Reliance on anthropogenic input weakens 

feedback from ecological processes leading to a permanent, but masked, loss of regulating 
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ecosystem services (Burkhard et al., 2011) in agroecosystems (Cabell & Oelofse, 2012; Foley et 

al., 2011; Peterson et al., 2018; Rist et al., 2014). Also, as ecological processes are replaced by 

anthropogenic inputs, the capacity of impoverished agroecosystems to benefit from regulating 

ecosystem services is diminished (Rist et al., 2014). Over time, this often results in an increase in 

anthropogenic inputs to maintain production. Finally, the loss of internal regulation in these 

systems profoundly modifies their stability landscapes, “ultimately [removing] opportunities for 

returning to previously available ecological basins of attraction, and thereby [reducing] options 

for the future” (Rist et al., 2014, p. 6). Many researchers have recognized the various risks posed 

by increased reliance on agricultural inputs (Cabell & Oelofse, 2012; Foley et al., 2011; Peterson 

et al., 2018; Rist et al., 2014).  

Although the effects of the loss of internal regulation are clear from a systems 

perspective, from an agricultural productivity standpoint, the effects of the systems’ dependence 

on external input are not immediately noticeable while input levels are maintained, (Peterson et 

al., 2018; Rist et al., 2014). Over time, however, the dependence on anthropogenic input 

degrades the internal mechanisms of ecological resilience and leaves the systems “vulnerable to 

acute stress or suboptimal input levels” (Peterson et al., 2018, p. 20). In fact, the loss of internal 

regulation means that a large disturbance or removal of inputs would likely trigger regime shifts, 

which would push the systems toward new, potentially unproductive, basins of attraction (Foley 

et al., 2011; Rist et al., 2014). 

Reliance on agricultural inputs reduces the resilience of agroecosystems, thus increasing 

the probability of irreversible regime shifts. However, reliance on agricultural inputs is often 

perceived to ensure productivity and, thus, maintain the resilience of agroecosystems. This 
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discrepancy between the common understanding of ‘agroecosystem resilience’ and the one 

resulting from an in-depth systematic review once again demonstrates the need to develop an 

appropriate and coherent interpretation of agroecosystem resilience for governments and 

managers. 

Although I found little discussion in the literature about the effects of external regulation 

on the social subsystems, it is conceivable that reliance on external inputs also erodes social 

capital in a comparable way to natural capital (ecological processes and services). Reliance on 

anthropogenic inputs can result in the irreversible erosion of human resources (via the reduced 

staff and labour compensated for by inputs) and thus loss of knowledge, practices, human 

resources, and institutions that could support the use and preservation of regulating ecosystem 

services. Such permanent loss would leave social subsystems less able to access their stored 

social resources (Fath et al., 2015) and would increase their vulnerability to disturbances. 

In addition, the reliance on anthropogenic inputs can increase the vulnerability of these 

production systems to distant and global disturbances. Agroecosystems often receive 

anthropogenic inputs derived from resources extracted in other systems. Similarly, byproducts 

from agricultural production are often exported to other systems in the form of waste and 

pollution (Cabell & Oelofse, 2012; Rist et al., 2014). In both cases, the effects from one system 

compromise the productivity and resilience of another system (Rist et al., 2014). In addition to 

ecological effects, there are social and ethical implications due to the global connections (also 

called ‘teleconnections’) occurring between systems, as some systems enjoy a high productivity 

at the expenses of other systems, which are often distant and potentially ill equipped to mitigate 

the impacts of waste and pollution (Cabell & Oelofse, 2012). Global connections leave 
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agroecosystems vulnerable to disturbances in other connected systems. Finally, global 

connections also increase risks of ‘threshold cascades’, “whereby the crossing of thresholds in 

supporting or recipient systems in turn drives other production systems over critical thresholds or 

vice versa” (Rist et al., 2014, p. 8).  

Finally, the production of many of the external inputs to agriculture are dependent on, and 

limited by, finite resources (e.g., fossil fuel and phosphorous) (Rist et al., 2014). The production 

of agricultural inputs contributes to environmental pollution, one of the major drivers of global 

environmental changes. These environmental changes are increasing the probability of large-

scale regime shift in the Earth system (Rockström et al., 2009; Rockström et al., 2017), which 

would affect environmental conditions and thus the long-term resilience of local and distant 

agroecosystems.  

 In summary, the apparent stability of current production practices is a product of 

anthropogenic inputs. From a systems perspective, external regulation creates a precarious 

situation that is “only possible as long as society has the skill, capacity, and willingness to 

provide the necessary anthropogenic inputs to maintain the functional attributes of a production 

system” (Rist et al., 2014, p. 7). In fact, regime shifts are highly probable in the future if the 

actors in the systems are not able or willing to maintain optimal input levels. Any regime shift 

would occur following a significant loss of social-ecological resilience in agroecosystems and 

could lead to irreversible losses in the productive capacity of agroecosystems.  

From a systems perspective, to address such challenges, it is necessary to restore internal 

regulation in agroecosystems by replacing fertilizers, pesticides, and herbicides with natural 

processes. For farmers, this could mean diminishing fertilizer use by including nitrogen-fixing 
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legumes in crop rotation or integrating livestock in crop production. The use of pesticides and 

herbicide could also be lowered through diversification of crop production, selection of pest or 

disease resistant crops, or with the use of natural predators. Similarly, at the institutional level, 

governing bodies can implement policies to restore and “protect ecosystem services, the slow 

variables such as soil organic matter, hydrological cycles, and biodiversity, that form the 

foundation of resilient agroecosystem” (Cabell & Oelofse, 2012, p. 8). Such policies would 

encourage reduction in the use of fertilizers, pesticides, and herbicides as well as support 

implementation of practices such as the protection of natural areas in agroecosystems, the 

establishment of the buffer zones near water courses, or even the planting of shelterbelts. 

However, it is important to note that such transition toward internal regulation in 

agroecosystem should be done carefully to avoid crossing critical thresholds (Cabell & Oelofse, 

2012; Peterson et al., 2018; Rist et al., 2014) or ‘poverty traps’ when the small number of 

ecological processes operating in the system limits the options available during the 

reorganization phase. As Cabell and Oelofse (2012) and Peterson et al. (2018) pointed out, 

agricultural inputs may be necessary to facilitate the transition of these systems toward internal 

regulation. 

Exposure to appropriate disturbances.  The pattern of timing, amplitude, and type of 

disturbances (or shocks) a system normally encounters is termed its ‘disturbance regime’. 

Disturbance regimes, or more accurately changes in the disturbance regime, can push a system 

beyond a critical threshold and shift the system to a new basin of attraction (which constitutes a 

regime shift for the system). However, if no critical threshold is crossed, disturbance can trigger 

evolution and adaptation processes in the system, enhancing the system’s resilience to future 
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disturbances (Cabell & Oelofse, 2012; Folke, 2006; Gunderson & Holling, 2002; Walker et al., 

2006). As illustrated in the adaptive cycle, ecological systems can withstand periods of 

disturbances if they successfully complete their re-organization phase. For complex adaptive 

systems, which are characterised by their ability to adapt to changing conditions, the 

reorganization phase is critical period for the actors in the systems to express their adaptability 

and transformability attributes.  

When agroecosystems are exposed to disturbance within their natural disturbance 

regimes, it contributes to resilience in two ways (Cabell & Oelofse, 2012). First, disturbance 

increases the diversity and heterogeneity of agroecosystems (Walker et al., 2006). In the 

ecological system, “disturbance regimes affect the landscape irregularly, creating a mosaic of 

plant and animal communities in various stages of succession” (Cabell & Oelofse, 2012, p. 7). 

These different communities provide functional and response diversity to the system. Secondly, 

disturbance precipitates the release of resources bound in the system with the release and renewal 

phases of the adaptive cycle. This process allows for the redistribution of resources toward novel 

configurations better suited to new conditions (Cabell & Oelofse, 2012). When occurring at 

lower scales in the system, this evolutionary process provides resilience to the entire system 

(Gunderson & Holling, 2002). 

The exposure to appropriate disturbance also benefits the resilience in the social 

subsystems (Biggs et al., 2012; Fath et al., 2015). In fact, appropriate exposure to disturbances 

can elicit the development of new knowledge, contributing to the diversity of management 

practices and institutions. Small-scale disturbances increase the adaptive capacity and innovation 

in social subsystems (Fath et al., 2015). In addition, disturbances, particularly if they are 
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perceived as crises by actors, can help mobilize new resources for new social configurations, 

perhaps even prompting actors to develop new understanding and change their values (Folke et 

al., 2010) and mental models in relation to agroecosystems. 

In the adaptive cycle, exposure to triggering levels of disturbance activates the backloop 

by precipitating the release phase, freeing resources bound by existing system configurations 

(Gunderson & Holling, 2002). If the system remains in the desired stability landscape (i.e., if the 

system is not pushed beyond a critical threshold), then the redistribution and reorganization of 

resources in new configurations during the renewal phase imparts flexibility to the system, 

enhancing its resilience (Burkhard et al., 2011; Cabell & Oelofse, 2012). 

In agroecosystems, many agricultural inputs and other interventions reduce the exposure 

of production systems to disturbances (e.g., pests and disease control, flood and drought 

mitigation measures, crop insurances and natural disaster recovery programs). Although the 

control of disturbances is done primarily with the intent of maintaining the productivity of these 

systems, it has considerable repercussions on the social-ecological resilience of agroecosystems. 

As pointed out by researchers, systems that are not allowed to reorganize periodically become 

fragile and lose their general resilience (Burkhard et al., 2011; Folke, 2006; Folke et al., 2004; 

Folke et al., 2010; Meadows, 2008). In a management context, carefully allowing 

agroecosystems to experience appropriate disturbances, by reducing inputs or interventions, 

could benefit their long-term productivity by enhancing their resilience to novel or unexpected 

disturbances (Cabell & Oelofse, 2012). Reducing inputs and interventions is easier in diverse 

systems, where potential losses associated with a disturbance are lesser and can be balanced with 

other types of production.  



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 66 

 

Crop insurance and other prevention and recovery programs can play a important role in 

ensuring that agroecosystems are exposed to appropriate disturbances on a regular basis. When 

designed appropriately, these programs can support on-farm diversification (Knapp, Wuepper, 

Dalhaus, & Finger, 2021), while also providing support to farmers following a disturbance, 

thereby helping avoid ‘poverty traps’ (both for farmers’ pocket books and agroecosystems). 

As with the other conditions for the emergence of social-ecological resilience discussed 

here, there is no magic number to ensure that systems are appropriately exposed to the ‘right 

amount’ of disturbances. Instead, the benefits of protecting agroecosystems against disturbances 

should be carefully weighed against the associated costs to the long-term resilience of the 

systems.  

Shared learning and experimentation.  In social systems, complexity dictates that 

knowledge of the system is therefore always incomplete, provisional, and relative to the 

perspective from which it was gained. For these reasons, learning and experimentation are 

essential processes for understanding and managing complex social-ecological systems (Biggs et 

al., 2012; Cilliers et al., 2013) such as agroecosystems (Cabell & Oelofse, 2012). Learning and 

experimentation provide an opportunity to revise, broaden, and adapt our understanding of 

agroecosystems (Biggs et al., 2012; Walker et al., 2006). Consistent with the definition of 

learning provided by Biggs et al. (2012), learning is defined here as “the process of modifying 

existing or acquiring new knowledge, behaviours, skills, values or preferences at individual, 

group or societal level” (p. 434). This process starts at the individual level, but also occurs 

through social interactions, either as an emergent outcome or because of intentional facilitated 

processes (Biggs et al., 2012). From a systems dynamics perspective, both individual and social 
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learning provide feedback to actors in the system, which allows these actors to revise and 

improve their mental models of the systems (Jones, Ross, Lynam, Perez, & Leitch, 2011) and 

management practices (Berkes et al., 1998). Providing such interventions could be easier and less 

complex than, but highly related to, managing the other five conditions of the framework.  

Mental models are personal and internal representations of reality which are the basis of 

individual behaviours (Jones et al., 2011). These cognitive constructs are simplified (and, 

therefore, incomplete) representations of the world used to filter new information and make 

decisions. Mental models are dynamic and evolve over time based on experiences, learning, and 

generational change (Biggs et al., 2012; Jones et al., 2011; Walker et al., 2006). Learning and 

experimentation therefore contribute to changing the way actors comprehend agroecosystems 

and how they chose to intervene in these systems. 

Acknowledging the provisionality of our knowledge is critical in working with complex 

social-ecological systems (Cilliers et al., 2013). This implies that strategies and rules are 

essential to manage agroecosystems, but that these need to evolve with both our understanding of 

the systems and the systems themselves. There is an inherent tension between having a strategy 

and acknowledging its provisionality (Cilliers et al., 2013). This is similar to the tension that 

exists within the concept of resilience where stability and change need to be balanced in the face 

of uncertainty (Cilliers et al., 2013; Folke, 2006; Folke et al., 2004; Folke et al., 2010; 

Gunderson & Holling, 2002; Meadows, 2008). In other words: 

 

Because the system cannot be known completely, it is impossible to have a “complete” 

strategy. But this does not imply that our strategies should be vague, as this would further 
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paralyze our initiatives. We need good plans, but we also need to realize they will 

ultimately be (at least slightly) wrong. A culture in which provisionality prevails, with its 

inherent and necessary tensions, is the responsible and strong position. (Cilliers et al., 

2013, p. 7) 

 

Participatory processes to learning, experimentation, and management can be useful to 

manage this tension. In fact, evidence suggests that participatory approaches can shift actors’ 

perceptions and attitudes (and, it could be assumed, their underlying mental models), which 

“create[s] opportunities for consensus building, collective sense making, and action” (Biggs et 

al., 2012, p. 436). In turn, these new attitudes can lead to changes in management practices and 

social institutions. Such participatory approaches also build social capital, an essential element of 

social-ecological resilience.  

In addition, participatory processes honour the legacy of the systems. The past of 

complex social-ecological systems is reflected in their present structure and behaviour. And, 

because of path dependency, this past determines the future trajectory of the systems (Cabell & 

Oelofse, 2012; Cilliers et al., 2013; Gunderson & Holling, 2002). Understanding the many 

legacies of agroecosystems is important and directly contributes to their resilience (Cumming et 

al., 2005). “Legacies can come in the form of culture and traditions, indigenous knowledge, and 

institutions, but they also come in the form of seed banks and other biophysical resources that we 

inherit from our predecessors” (Cabell & Oelofse, 2012, p. 8). By facilitating the sharing of 

knowledge and resources by various actors, participatory processes provide opportunities to 
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share and preserve the various legacies of systems. These processes also build and strengthen the 

social-cultural framework, which gives meaning to different kinds of knowledge (Spak, 2005). 

The premises under which participatory approaches can enhance social-ecological 

resilience are not always clear. In some cases, such approaches contribute to the degradation of 

social and natural capitals, eroding social-ecological resilience. In fact, participatory processes 

can be used to promote competition instead of collaboration or short-term gains in systems 

(Biggs et al., 2012). Such processes can also become a way of asserting government, leading to a 

weakening of local resource management institutions (Biggs et al., 2012). Similar to the other 

conditions for resilience presented here, shared learning and experimentation should be 

understood as a tool to enhance resilience, not a panacea that can be applied rigidly and 

undiscriminatingly. 

Adaptive management is a participatory approach to management that supports enhanced 

experimentation and shared learning in social-ecological systems (Biggs et al., 2012). Seeking to 

learn from the management of complex systems, while managing the systems (Gunderson, 

2008), this approach blends “the practicality and importance of trial and error. . . to the rigor and 

explicitness of the scientific experiment, producing learning that is both relevant and valid” 

(Meffe, 2002, p. 97). Because of its responsiveness and flexibility, adaptive management is 

considered an excellent tool to manage complex resources systems, including their resilience 

(Holling, 2001). In addition, adaptive management can lead to adaptive governance, which “is 

crucial for supporting the self-organizing aspects needed for improved resilience and 

adaptability” (Virapongse et al., 2016, p. 88), and perhaps also transformability.  
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The six conditions for resilience described here are general attributes of resilient 

agroecosystems. As such, these conditions help explain the emergence of resilience in 

agroecosystems.  

The six conditions for agroecosystems can be used as aspirational goals for 

agroecosystem resilience as well as essential conditions that must be present collectively in some 

amount and form in agroecosystems to support long-term resilience. Together, the conditions for 

agroecosystem resilience describe a complex and diversified system, where productivity is not 

dependant on one type of crop or livestock; rather from an elaborate assemblage of plants and 

animals distributed in an heterogeneous way throughout the landscape. This diversity carries to 

the whole system, including the support, production, transformation, and selling of agricultural 

product. This same diversity is leveraged to restore and maintain internal regulation and allow 

the system to experience appropriate disturbances. In a resilient agroecosystem, social processes 

are in place to capture and share the values, knowledge, and experiences of actors in the system, 

shaping management practices and social institutions while honouring the legacies of the system. 

The actors in a resilient agroecosystem perceived the trade-offs inherent to enhancing resilience 

as an important investment to ensure production in the future, not as a loss of short-term 

productivity and efficiency.   

As I described, the six conditions can be used to identify management practices that 

either impede or enhance resilience, thus providing practical guidance to managers in pursuing 

appropriate resilience goals. However, in addition to providing a theoretical and practical 

understanding of agroecosystem resilience, the six conditions for agroecosystem resilience can 

inform the development of a reliable tool to assess the long-term resilience of agroecosystems, as 
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I do here. To do so, I use the six conditions for resilience to select relevant variables and 

indicators to assess agroecosystem resilience. The resulting variables and indicators are integral 

parts of the conceptual framework. 

In the following section, I elaborate on the six conditions presented here to further the 

development of the conceptual framework to assess agroecosystem resilience and select relevant 

variables and their indicators. In Chapter 4, I use these six conditions, and their indicators, to 

assess the agroecosystem resilience of the Canadian agroecosystem and discuss important trade-

offs between the conditions, thus providing theoretical and practical guidance for farmers and 

policymakers. 

Variable Selection and Operationalization 

Ostrom’s framework includes a list of first and second-tier variables (see McGinnis and 

Ostrom (2014) for the most recent version). The first-tier variables describe well-defined 

categories of elements used for resource management in social-ecological systems. These 

variables represent the main categories of elements to be assessed, whereas the second-tier 

variables constitute “subdivisions within [these] elements” (McGinnis & Ostrom, 2014, p. 3). 

The second-tier variables are specific tools that permit practical assessment of the characteristics 

of the first-tier variables, through the development of specific measurement indicators.  

The first and second-tier variables and their indicators are tools enabling the systematic 

review of all the elements of agroecosystems and their connection. As such, the indicators chosen 

for the second-tiers variables are informed by the six conditions for agroecosystem resilience 

presented in the previous section. These indicators are concrete and measurable characteristics of 

agroecosystems that serve to identify and evaluate the emergence of social-ecological resilience.  
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As Ostrom (2009) indicates, the selection of variables should be guided primarily by the 

research question. In addition, I rely primarily on the guidance provided by Ostrom and her 

colleagues (Anderies, Folke, Walker, & Ostrom, 2013; McGinnis & Ostrom, 2014; Ostrom, 

2007, 2009) in combination with the work of other researchers who operationalized the social-

ecological analytical framework (Delgado-Serrano & Ramos, 2015; Dressel, Ericsson, & 

Sandström, 2018; Guisepelli et al., 2018; Leslie et al., 2015) for different purposes. I however 

make some modifications to reflect the unique structure and function of agroecosystems.  

Figure 3 is an illustration of this proposed conceptualisation of agroecosystems. In this 

figure, agroecosystems are represented as two subsystems shown in grey: the ecological (left) 

and social (right) subsystems. The other features are my choice of six first tier variables: 

‘environmental and social settings’, ‘agroecological knowledge’ ‘resources systems’, ‘resources 

services and units’, ‘actors’, and ‘management practices’.  

Both subsystems exist in ‘environmental and social settings’ and are linked through the 

exchange of ‘agroecological knowledge’. For ecological subsystem, ‘resources system’ and 

‘resources services and units’ are the first-tier variables, while ‘actors’ and ‘management 

practices’ are the first-tier variables for the social subsystem.  
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Figure 3. Proposed conceptualization of agroecosystems as social-ecological systems. Format 

adapted from Berkes et al. (2003)). 

 

Table 3 presents the fifteen second –tier variables and indicators that are necessary for the 

implementation of the framework to evaluate agroecosystem resilience using the six conditions 

previously developed. My choices of variables and indicators are discussed in detail in Appendix 

B, whereas Appendix C provides more details on how the first- and second-tier variables can be 

operationalized for measurement in agroecosystems in a specific case. In Chapter 4, I apply the 

conceptual framework to the Canadian agroecosystem in general and I use these indicators to 

assess its long-term social-ecological resilience. 
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Table 3  

First and second-tier variables and operationalized indicators for the assessment of social-

ecological resilience in agroecosystems as they relate to the six conditions for agroecosystem 

resilience.  

First-tier 

variable 

Second-tier 

variable 
Operationalization 

Indicator for 

evaluation 

Conditions for 

resilience 

Environmental 

and social 

settings 

Spatial and 

temporal 

boundaries 

Past and present natural 

and political boundaries of 

the agroecosystems 

Spatial and temporal 

boundaries of the 

agroecosystems, which 

allows for production and 

use of agricultural products 

and for the effects of 

management decisions to 

be perceptible in the 

system 

Systems boundaries 

(including external 

drivers) 

Resource 

system 

Sector Land-use diversity Diversity and compatibility 

of land use (residential, 

industrial, agricultural, 

transportation, etc.) 

Functional and 

response diversity; 

connectivity  

 
Size of resource 

systems 

Size of area under 

agricultural production 

Size of area under 

agricultural production 

Systems boundaries 

 
Disturbance 

regime 

Fluctuation in climate and 

weather events, pest and 

disease outbreaks, market, 

and financial crises 

Number of disturbance 

events outside of the 

normal variability during a 

given period 

Exposure to 

disturbances 

 
Productivity of 

the system 

Average annual 

agricultural yield 

Average annual yield 

within spatial and temporal 

boundaries 

Productivity  

 
Equilibrium 

properties 

Fluctuation in average 

annual yield 

Variation in annual yield 

within spatial and temporal 

boundaries 

Productivity  

 
Predictability of 

system dynamics 

Below average fluctuation 

in yield 

Number of below average 

annual yield within 

temporal boundaries 

Productivity  

 
Storage 

characteristics 

Annual yield recovery Length of recovery 

following below average 

production (measured in 

year) 

Productivity  

Resources 

services and 

units 

Number of 

agricultural 

commodities 

Agricultural production 

diversity 

Diversity of crops, 

animals, bio-products, etc. 

Functional and 

response diversity; 

connectivity  
Number of 

agroecosystem 

services 

Recognized ecosystem 

services diversity 

Diversity of recognized 

ecosystem services (flood 

protection, water filtration, 

wildlife habitat, cultural 

and recreational services, 

etc.) 

Functional and 

response diversity; 

internal regulation  

 
Economic value Generated revenue Total revenue generated 

per year within temporal 

boundaries 

Productivity 

(profitability) 
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Table 3 (continued). 

Management 

practices 

Technologies and 

management 

practices 

Implementation 

technologies and or 

conservation management 

practices 

Proportion of 

implementation of 

technologies and 

management practices 

Functional and 

response diversity; 

internal regulation; 

exposure to 

disturbances 

Actors Number of 

relevant actors 

Number of relevant actors Relative diversity of actors 

in defined categories of 

actors  

Functional and 

response diversity; 

connectivity 

 Mental models of 

agroecosystems  

Use and definition of the 

concept of resilience 

and/or related concepts 

Relative diversity, 

compatibly, and nature of 

resilience mental models 

used by actors 

Shared learning and 

experimentation 

functional and 

response diversity; 

exposure to 

disturbances 

Agroecological 

knowledge  

Sharing of 

agroecological 

knowledge 

Functions of different 

actors in relation to the 

sharing of knowledge 

Number of repositories and 

events for the sharing of 

agroecological knowledge 

Shared learning and 

experimentation 

functional and 

response diversity, 

connectivity 

 

A Conceptual Framework for Agroecosystem Resilience 

As previously mentioned, the conceptual framework developed here is not intended to 

empirically assess agroecosystem resilience nor predict the future trajectory of agroecosystems 

in detail. In fact, such measurements and predictions might be impractical, if not impossible, in 

complex adaptive systems (see for instance, Cilliers et al. (2013) and Richardson and Cilliers 

(2001)) and in agroecosystems (Rist et al., 2014)). Rather, this conceptual framework should be 

considered a first step toward understanding the resilience of agroecosystems and designing 

appropriate practical interventions that can be used for their management. The conceptual 

framework can also be an important contributor to the establishment of a mutual understanding 

for collaborative research across various disciplines and the adaptive management approach. The 

way in which the general framework in Figure 3 is expanded with the details of the variables and 

indicators is summarized in the more comprehensive proposed conceptual framework of 

agroecosystem resilience, presented in Figure 4.  
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Figure 4. Conceptual framework for the assessment of social-ecological resilience of agroecosystems in Canada. In practice, 

the six conditions for resilience are used to select the first-tier variables of each subsystem, which are the titles of the four 

boxes. Their second-tier variables are listed within the boxes. Collectively, these sub-system properties create and maintain the 

emergence of resilience in agroecosystems (the emergence is depicted by three thick gray broken arrows). The subsystems 

occur within the environmental and social systems, and are interrelated by sharing of agroecological knowledge, the other two 

first-tier variables. 
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The purpose of this chapter was to investigate the development and operationalization of 

a conceptual framework that can be used by managers and stakeholders to assess social-

ecological resilience in agroecosystems. Resilience in complex adaptive systems, such as 

agroecosystems, is an emergent property. Indeed, resilience exists in agroecosystems because of 

the dynamic interactions between elements. Resilience is therefore not associated with one 

element, nor with a particular assemblage of elements. In addition, as I previously mentioned, 

resilience in complex systems changes over time and during distinct phases of the adaptive cycle. 

I therefore conclude that direct measurement of resilience is not practical for agroecosystems 

(and other researchers have reached similar conclusions, notably Cabell and Oelofse (2012)) . 

However, I suggest that it is possible to assess general long-term resilience by using a systemic 

approach to evaluate the elements in the system and their connection, as I have demonstrated in 

this chapter.  

To permit such assessment and related discussion, I built upon and expanded the 

resilience indicators proposed by Cabell and Oelofse (2012) to identify six conditions necessary 

to understand the emergence of resilience in agroecosystems. In the conceptual framework, these 

conditions (i.e., ‘productivity’, ‘functional and response diversity’,’ moderate connectivity’, 

‘internal regulation’, ‘exposure to appropriate disturbances’, and ‘shared learning and 

experimentation’) are not used to assess resilience directly. Instead, they serve to characterise 

and evaluate the first and second-tier variables chosen for the conceptual framework. presented 

in Table 3.  

The framework is provided in diagrammatic form, in increasing detail, in Figures 3 and 4. 

As a result, the conceptual framework is both descriptive and analytical. In fact, the description 
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and analysis of agroecosystems complement each other.  

A comprehensive description is necessary to build a common understanding for shared 

resources management, which includes varied and diverse perspectives. This description can then 

be used to inform the assessment of interactions, as well as synergies and trade-offs influencing 

social-ecological resilience of agroecosystems. As I have discussed previously, the conditions 

favouring agroecosystems resilience are associated with both costs and benefits. For each 

agroecosystem, the benefits need to be considered in relation to the costs as the system evolves 

along the adaptive cycle. For instance, in some cases using anthropogenic inputs might prevent a 

regime shift in the agroecosystem by allowing for faster reorganization in support of agricultural 

production. However, although inputs may enhance the resilience of this system during its 

reorganization, the same inputs might reduce internal regulation and increase the system’s 

vulnerability to disturbances during the conservation phase. These crucial discussions of trade-

offs can be better understood within a broad and common context, which can be done using the 

framework created in this chapter. 

Finally, I believe that this systemic approach can also give valuable insights into the 

attributes of adaptability and transformability, as they affect resilience. The intent of the 

framework is to generate discussions among actors in the system to develop a richer 

understanding of the resilience of agroecosystems. This provides an opportunity to enrich, revise, 

and update our knowledge of these complex and changing systems. It also provides a forum to 

debate the relative desirability of current and future agroecosystems, such as described in 

Appendix B.  

In the next chapter, I apply the ideas and ‘tools’ derived from the conceptual framework 
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to the Canadian context to assess its social-ecological resilience. 
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Chapter 4: Resilience of the Canadian Agroecosystem 

In the previous chapter, I developed the conceptual framework for agroecosystem 

resilience summarized in Figure 4. This framework is informed by the six conditions for 

agroecosystem resilience, which guided the selection of first- and second-tier variables, as well 

as their evaluation indicators. In this chapter, I apply the conceptual framework to describe the 

Canadian agroecosystem and gain insights into its long-term social-ecological resilience.  

Methodology: Applying the Conceptual Framework  

Here, I conduct a preliminary system analysis of the Canadian agroecosystem using the 

developed conceptual framework. The system analysis is based on a review of the scientific 

literature and public reports from governmental departments and other reputable organizations, 

such as Agriculture and Agri-Food Canada, the Organisation of Economic Co-Operation and 

Development (OECD), the results of the Census of Agriculture administered by Statistics 

Canada, and the scientific literature. The system analysis serves to gather both qualitative and 

quantitative data about the agroecosystem, which is then used to evaluate the indicators and 

characterize the first and second-tier variables listed in the conceptual framework. Finally, the 

characterized variables provide information to assess the long-term social-ecological resilience 

of the Canadian agroecosystem using the six conditions for resilience as a guideline. Although 

this review of the Canadian agroecosystem is exploratory, the general assessment conducted in 

this section could later serve to inform an in-depth and spatially explicit assessment of resilience 

for specific agroecosystems. 

Given the size and complexity of the Canadian agroecosystem, a detailed system analysis 

is not possible here. In some cases, information about the variables and indicators is not available 
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at the national level. In other cases, the averaging of regional information at a national level 

makes it difficult to detect significant variations which could impact the local social-ecological 

resilience. For these reasons, I have selected a subset of the variables and indicators to use in this 

system analysis, as follow: 

 I only assess the productivity of the system by reviewing the economic value second-tier 

variable, omitting the productivity of the system; equilibrium properties; predictability of 

system dynamics; and storage characteristics.  

 Similarly, I am not able to assess the actor’s mental models of agroecosystems at the national 

level. Mental models are internal and personal representations of the world that are used by 

individuals to make decisions (Jones et al., 2011). Although some elicitation techniques can 

be used to assess mental models, according to Jones et al. (2011), significant efforts are 

needed to apply these techniques and ensure they are reliable and objective. Given the 

present constraints, I use education as a proxy for mental models.  

 Finally, I used the investment in public and private research as a proxy for the sharing of 

agroecological knowledge.  

Once again, this assessment is exploratory, but suitable for assessing resilience at the national 

level. 

Observations: Description of the Canadian Agroecosystem 

In this section, I present important observations collected from various reputable sources 

to describe the Canadian agroecosystem. In applying the conceptual framework, these 

observations provide the data necessary to assess the variables and their indicators against the six 

conditions for resilience. Table 4 presents a summary of these observations for each variable.  
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Table 4  

Summarized observations for first- and second-tier variables for the Canadian agroecosystem  

First-tier 

variable 

Second-tier 

variable 
Observation in the Canadian agroecosystem 

Environmental and 

social settings 

Spatial and temporal 

boundaries 

 Political boundaries for Canada. 

Resource system Sector  Canadian agriculture is geographically diverse: 

– Crop production is concentrated in Western Prairies.  

– Milk and sizable portion of fruits, vegetables, corn, and 

tobacco production located in Eastern Canada. 

– Beef and pork production is distributed across Canada with 

concentration in Western Canada, Ontario, and Quebec. 

 Regional and local production is often specialized and focused on a 

small number of crops and livestock breeds.  
Size of resource 

systems 

 64.2 million hectares in 2016.  

 Decrease in size of area under production but increase in total area 

of cropland (37.8 million ha). 

 Disturbance regime  $2.42 billion in payments to stabilize incomes between 1971 and 

2016, including: 

– Financial crisis in the 1980s 

– Several years of low grain and oilseed prices, drought, and 

disease challenges 

– Floods costed an estimated $8.4 billion and winter storms and 

wildfires costed approximately $5 billion between 1980 and 

2018 

 New policy framework provides support in the form of crop 

insurance or other prevention programs. 

Resources services 

and units 

Number of 

agricultural 

commodities 

 Five main types of agricultural production: 

– Grains and oilseeds 

– Red meat and livestock 

– Dairy 

– Horticulture 

– Poultry and eggs. 

 Recent shift from livestock-based farms to crop-based farms in 

Canada. 

 Research and development have led to new crop varieties and new 

livestock breeds.  
Number of 

agroecosystem 

services 

 Crop and livestock production dispersed across the country. Also 

provides ecosystem services and disservices such as soil quality, 

water quality, air quality, wildlife and biodiversity, visual aesthetics 

and strengthening of rural communities. 

 Agriculture contributes to the reduction of water quality, soil 

erosion and GHG emissions, and decline in wildlife and 

biodiversity.  

 Regional and local production is often specialized and focused on a 

small number of crops and livestock breeds.  
Economic value  Net cash income of $15.8 billion in 2016. 

Management practices Technologies and 

management practices 

 Development and adoption of new crops and technological advances 

have reduced some of the negative environmental impacts of 

agriculture.  

 Important increase in fertilizer use since 2005 (71%). 

 Increase efficiency in production has contributed to a stable trend in 

non-energy related GHG emissions for agriculture. 
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Table 4 (continued) 

Actors Number of relevant 

actors 

 In 2016, there were 193,492 farms in Canada and 271,935 farm 

operators. 

 Increase in the number of young farm operators (under 35) and 

female farm operators. 

 Mental models of 

agroecosystems  

(Education is used as a proxy to assess mental models.) 

 An increasing number of farmers are pursuing formal education to 

obtain the skills to use equipment and manage their business. 

Agroecological 

knowledge  

Sharing of 

agroecological 

knowledge  

 

(Investments in public and private research and development are used as 

a proxy to assess sharing of agroecological knowledge.) 

 Spending in public research and development has increased over the 

last 30 years; however, there are variations from year to year. 

 Private funding of research and development has grown steadily 

since the 1980s. 

 

For ease of presentation, the observations about the Canadian agroecosystem are grouped 

under seven broad categories. 

Geographically diverse production.  For the purpose of this review, I consider the 

Canadian political boundaries to be the boundaries of the agroecosystem under review. As such, 

the Canadian agroecosystem is comprised of the land and water used for agricultural production 

in Canada.  

In Canada, agriculture production focuses on five types of production: grains and 

oilseeds; red meat and livestock; dairy; horticulture; poultry and eggs (Agriculture and Agri-

Food Canada, 2017). In addition to agricultural products, or commodities, the Canadian 

agroecosystem produces other agroecosystem services. Effectively, the benefits (and impacts) of 

agriculture to soil quality, water quality, air quality, wildlife, and biodiversity (Clearwater, 

Martin, & Hoppe, 2016) as well as visual aesthetics and strength of rural communities (Skolrud 

et al., 2020) have been recognized. 

Primary agricultural production accounts for a small portion of the Canadian territory 

(OECD, 2015) due to the diverse climate and geography across the country (Agriculture and 
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Agri-Food Canada, 2017; Natural Resources Canada, 2015; OECD, 2020). In 2016, agriculture 

operations covered 64.2 million hectares (ha), which represents a decrease of 6.4% from 1971. 

However, in 2016, the total area of cropland was the largest recorded by the Census of 

Agriculture with 37.8 million ha (Statistics Canada, 2017). 

In addition, Canadian agricultural production is dispersed throughout the country, with 

most of the crop production concentrated in the Western Prairies. In comparison, milk 

production, and a substantial portion of fruits, vegetables, and tobacco are produced in Eastern 

Canada (OECD, 2015). British Columbia is a leader in fruit production in Canada (Agriculture 

and Agri-Food Canada, 2017). The production of red meat (i.e., pork and beef) is distributed 

across Canada, but especially concentrated in Western Canada, Ontario, Quebec (OECD, 2015), 

and Manitoba (Agriculture and Agri-Food Canada, 2017). Beef cattle farming is concentrated 

primarily in Alberta, Saskatchewan, and Ontario, while hog and pig farming occur primarily in 

Manitoba, Ontario, and Quebec (Agriculture and Agri-Food Canada, 2017).  

Sustained economic growth.  The food and agriculture system is an important 

contributor to the Canadian economy, ranking as the seventh-largest contributor to gross 

domestic product (GDP) in 2012 (OECD, 2015). However, as Canada imports many agricultural 

products and food, Canadian primary agriculture alone accounts for a modest part of the overall 

food and agriculture system. In fact, primary agriculture in Canada accounted for only 1.1% of 

the national GDP and 1.6% of employment in 2012 (OECD, 2015).  

In 2016, farm markets receipts, which include revenue from the sale of agricultural 

products and payments from private insurance programs, totaled $57.6 billion (Agriculture and 

Agri-Food Canada, 2017). From 1971 to 2016, farm market receipts grew 5.8% on average, 
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“driven by grain and oilseed receipts, which increased by 6.5% annually on average over the 

same period” (Agriculture and Agri-Food Canada, 2017, p. 61). Canola has benefited from 

strong market prices and “now accounts for more than one-fifth of all cropland” (Agriculture and 

Agri-Food Canada, 2017, p. 8). On the contrary, “the red meat industry has faced several 

challenges such as diseases like bovine spongiform encephalopathy (BSE), U.S. Country of-

Origin Labelling (COOL), exchange rate fluctuations, along with its cyclical supply and price 

variability” (Agriculture and Agri-Food Canada, 2017, p. 61), resulting in only 4.9% annual 

growth.  

Between 1971 and 2016, high commodity prices have supported growth in farm market 

receipts for Canadian farmers, outpacing the growth of net operating costs (41.9% between 2006 

and 2016). Net cash income (which subtracts operating expenses from farm market receipts and 

program payments) reached $15.8 billion in 2016. This is an increase of over 900% compared to 

the $1.7 billion in 1971 (Agriculture and Agri-Food Canada, 2017). However, “between 1972 

and 2016, the expense to receipt ratio has increased in every province” (Agriculture and Agri-

Food Canada, 2017, p. 72) . 

Fewer but larger farms.  Important structural changes have affected agriculture over the 

last half of the century. In fact, the urbanization of the Canadian population, coupled with the 

introduction of anthropogenic inputs and increased mechanization, resulted in a significant 

reduction of the use of human labour for agricultural production (OECD, 2015).  

In addition to these technological advances, increased productivity has enabled the 

expansion of Canadian farms.  In fact, there has been a gradual decline in the number of farms in 

Canada since 1941 (732,832 farms), with only 193,492 farms remained in 2016 (Agriculture and 
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Agri-Food Canada, 2017). However, it is important to note that the decline in the number of 

farms varied between provinces. For instance, British Columbia had the smallest relative decline, 

while New Brunswick and Nova Scotia had the largest rate of decline.  

Conversely, the average area per farm increased from 40 hectares in 1971 to 332 hectares 

in 2016 (Agriculture and Agri-Food Canada, 2017). In fact, the Organisation for Economic Co-

Operation and Development (OECD) (2015) noted that the average farm size has more than 

tripled between 1931 and 2011.  

Similarly, due to strong prices for field crops such as canola, soybean, and corn, “there 

was a shift from livestock-based farms to crop-based farms in Canada, based on the number of 

farms, with the share of crop-based farms increasing from 49% in 2006 to 58% in 2011” 

(Agriculture and Agri-Food Canada, 2017, p. 8). 

Profound demographic changes.  The changes in farm size have been accompanied by 

other important demographic changes in the number of farmers (referred to as ‘farm operators’ in 

this section, consistent with the term used in the Census of Agriculture). The 2016 Census of 

Agriculture recorded 271,935 farm operators (Statistics Canada, 2017), a reduction of 6.9% of 

farm operators from 2011. However, for the first time since 1991, the number of young (under 

35) farm operators increased (3.0% from 2011 to 2016) (Statistics Canada, 2017). This 

observation appears consistent with the increase in the number of enrolments in agriculture-

related university degrees between 2005 and 2011 (OECD, 2015). 

 Another important demographic trend is the continued increase of female farm operators. 

Indeed, the number of female farm operators has been steadily increasing since 1991, when they 

accounted for 25.7% of farmers. In comparison, female operators represented 28.7% in 2016. For 
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female operators under 35 years of age, this represents a 113.3% increase for the same period 

(Statistics Canada, 2017). 

 Despite the increase in the number of younger farmers, the high cost of land and 

buildings can be a significant barrier to starting or expanding farm operation (OECD, 2015; 

Statistics Canada, 2017). Agricultural farmers, particularly younger ones, appear to have found 

new flexible ways to increase their farm size without making large capital investment (e.g., crop 

sharing or leasing agricultural land from other farmers or from the Crown) (Statistics Canada, 

2017).  

Protecting against disturbances.  It is difficult to assess disturbances in the vast 

Canadian agroecosystem. Although some disturbances, such as climatic disturbances, pest and 

disease outbreaks, and natural disasters, are normally experienced at the local and regional 

levels, others, like financial crises and changes in the markers, are often felt at the national level. 

Here, I used direct payments made to farmers “to help stabilize farm income and offset 

production losses” (Statistics Canada, 2017, p. 66) to estimate disturbances in the Canada 

agroecosystem. In 2016, these payments reached $2.42 billion compared to $0.13 billion in 1971 

(Statistics Canada, 2017). On average, these payments increased by 6.7% per year between 1971 

and 2016. However, a rapid increase happened during the financial crisis in the 1980s and again 

in 2005, “following several years of low grain and oilseed prices, drought, and disease 

challenges, including the [bovine spongiform encephalopathy] crisis” (OECD, 2020; Statistics 

Canada, 2017, p. 66). Similarly, floods have been the costliest natural disasters in Canada costing 

an estimated $8.4 billion between 1980 and 2018. Over the same period, winter storms and 

wildfires also caused approximately $5 billion in damage (OECD, 2020). 
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Regarding natural disasters, over the last decades, the Canadian government shifted the 

focus of its policy framework to support “initiatives that either prevent adverse events from 

impacting the sector, or else mitigate their effects” (OECD, 2020)”. Instead of ad hoc disaster 

payments, support is offered in the form of crop insurance or other programs established prior to 

natural disasters. Such focus on prevention has resulted in lower disaster payments to farmers 

since the 1980s (OECD, 2020). In their review of Canada’s agricultural policy framework for the 

resilience of agriculture to natural disasters, the OECD noted that this policy framework is 

“helping farmers prepare for, respond to, and adapt to both their current and future risk 

environments” (OECD, 2020, p. 113). 

Innovation for greater productivity and less impacts.  As mentioned, over the past 50 

years, Canadian primary agriculture has experienced profound structural changes. These changes 

have been partly influenced by the development and adoption of many new technological 

advances, including: “new crop varieties, new livestock breeds, feeding and management 

regimes, nutrient management practices, integrated pest management, new tilling methods 

(conservation and no-till), farm machinery innovations, precision agriculture (GPS), computers, 

internet (broadband) and smart phones usage” (OECD, 2015, p. 36).  

Such practices appear to have contributed to the diminution of the negative 

environmental impacts of agriculture in Canada. In particularly, reduced tillage and no-till 

seeding, which involved the seeding of crops into minimally disturbed soil, is now used for more 

than half of agricultural land prepared for seeding (Clearwater et al., 2016). These practices 

contribute to reducing fuel and labour costs (Statistics Canada, 2018) and improving soil health 

(Clearwater et al., 2016). The adoption of no-till seeding, in combination with the reduction of 
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summer fallow, contributed to substantial improvements in soil cover (an increase of 7.6% from 

1981 to 2011) and the reduction of soil degradation and loss of fertility, particularly in the 

Prairies (Agriculture and Agri-Food Canada, 2020).    

The Canadian Agri-Food Policy Institute (CAPI) recently conducted a study to assess the 

economic valuation of the impacts of agriculture production in Canada. The authors concluded 

that the negative externalities of agriculture “have decreased across Canada from 1981 to 2011. 

Cumulatively, the damages from negative externalities [the costs of the production imposed to 

society] have declined by about 23%” (Skolrud et al., 2020, p. 84). However, if the results are 

positive overall, agriculture still has some negative impacts on the environment. Again, Skolrud 

et al. (2020) concluded: 

 

Apart from the impacts of agriculture on water quality, which are an issue in all 

provinces, the impacts from soil erosion are the largest external cost in the Western 

provinces while the impact of [greenhouse gases] emissions from agriculture are the 

largest cost in Central Canada. (p.85) 

 

Effectively, the intensification of farming and the conversion of pasture into cropland has 

been linked to an overall decline of wildlife habitat capacity (Clearwater et al., 2016). The loss of 

habitat capacity likely explains the reported decline in wildlife and biodiversity found on 

farmland in Canada (Agriculture and Agri-Food Canada, 2020); although there are also 

indications that efforts have been made nation-wide to protect wildlife and their habitat (Skolrud 

et al., 2020). 
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Finally, Environment and Climate Change Canada (2019) reported a 71% increase in 

fertilizer use in Canada since 2005. This might be a direct consequence of the intensification of 

agriculture and particularly crop production. In addition, agriculture greenhouse gases emissions 

for crop and livestock production not related to energy use have remained unchanged from 2005 

and account for 8.4% of total greenhouse gases emissions in Canada (Environment and Climate 

Change Canada, 2019; Skolrud et al., 2020). The stable trend in non-energy related greenhouse 

gases emissions is explained by increased efficiency in production. 

Greater technical knowledge and expertise.  Results of the 2016 Census of Agriculture 

demonstrate that agricultural farmers “are placing greater emphasis on educational attainment, 

specifically at the trades and college level. This emphasis on formal education is equipping “farm 

operators with the knowledge and ability required to use innovative technologies when farming” 

(Tran & Shumsky, 2019, p. 3). Effectively, an increase in the number of farmers who reported a 

secondary school diploma or equivalency certificate as their highest level of education was 

recorded between 1996 (20.2%) and 2016 (28.7%). The Census of Agriculture also recorded an 

increase, from 26.3% in 1996 to 35.0% in 2016, in the number of agricultural farmers having 

pursued education at institutions other than universities during the same period (Tran & 

Shumsky, 2019, p. 3). Finally, in 2016, 17.9% of farm operators had a university certificate, 

diploma, or degree, compared to 10.6% in 1996 (Tran & Shumsky, 2019). 

Tran and Shumsky (2019) suggest that trades and college provide the necessary expertise 

to use technologically advanced equipment, as well as a business and accounting skills to 

manage their business. This would explain the large increase in the number of farmers obtaining 

a secondary school or higher education, and particularly at the trade and college level. Results of 
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the 2016 Census indicate farmers with a secondary school diploma are more likely to have 

higher revenue than those without formal education. However, farmers with postsecondary 

education are also more likely to work off the farm. This might be attributable to farmers 

requiring additional revenue streams to amass the capital necessary for modern agricultural 

operations (Tran & Shumsky, 2019). 

Investment in public and private research and development.   Canada’s investment in 

public agriculture research and development has slightly decreased since 2003. Overall, 

however, the public funding of research and development has increased over the last thirty years, 

despite some variations. (Agriculture and Agri-Food Canada, 2017). In addition, due to 

“[intellectual property rights] protection and increased collaboration among farmers, industry 

and the public sector, there has been a steady growth in private sector research and developments 

in Canadian agriculture” (Agriculture and Agri-Food Canada, 2017, p. 20) during the same 

period.  

In 2012, Agriculture and Agri-Food Canada conducted an evaluation of its activities related 

to basic and applied research, which produces agroecological knowledge contributing to policies 

as well as new practices and technologies (Office of Audit and Evaluation, 2012). The Office of 

Audit and Evaluation noted that “there is a continuing need for new and deeper scientific 

understanding of the interaction between the environment and agriculture as the environment 

changes and the agricultural sector seeks and adopts new practices and technologies to increase 

its productivity, profitability, competitiveness and sustainability” (Office of Audit and 

Evaluation, 2012. para. 5). The Office of Audit and Evaluation noted to the research activities 

conducted by the Science and Technology Branch of Agriculture and Agri-Food Canada were 
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appropriate and expected to provide valuable agroecological knowledge. It was also noted that 

the agri-environmental research conducted was similar to other public sector research, in 

efficiency and funding. 

Following its review, the Office of Audit and Evaluation gave four recommendations, 

including:  

The Science and Technology Branch should develop and implement a comprehensive 

knowledge transfer strategy for agri-environmental science based on a broad definition of 

knowledge transfer as a process that begins in the planning stages and extends through 

knowledge utilization, and which considers the role and mandate of provinces and 

territories and industry. (Office of Audit and Evaluation, 2012. third recommendation.) 

 

Similar recommendations were made by the Standing Senate Committee on Agriculture and 

Forestry in 2018 in their review of the potential impacts of climate change on the agriculture, 

agri-food, and forestry sectors, as well as potential ways to reduce emissions and adapt to climate 

change. Three of the eighteen recommendations made by the committee pertain to the sharing of 

knowledge, including ensuring that information related to resilience and research results are 

shared with farmers and for better collaboration with provincial and territorial partners, as well 

as universities, to enhance extension (The Standing Senate Committee on Agriculture and 

Forestry, 2018). 

Results: Insights into Agroecosystem Resilience 

The observations about the Canadian agroecosystem serve to evaluate the indicators and 

characterised the first- and second-tier variables, as presented above in Table 4. Building on this 
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work, I identify important trends and trade-offs related to the six conditions for agroecosystem 

resilience using the tools of system analysis described earlier, namely the stability landscape and 

the adaptive cycle. These trends and trade-offs provide insight into the social-ecological 

resilience and reveal important implications for the management of agroecosystems. The trends 

and trade-offs for the conditions associated with each second-tier variables are presented in Table 

5. 

  



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 94 

 

Table 5.  

Trends and trade-offs identified for the six conditions for the emergence of agroecosystem 

resilience in the Canadian agroecosystem for the first- and second-tier variables evaluated.  

 

First-tier 

variable 

Second-tier 

variable 
Trends and trade-offs for the conditions of resilience 

Resource system Size of resource system  External drivers: Reliance on exports for profitability and 

imports to meet the needs of Canadians. 

 Disturbance regime  Exposure to disturbances: Recent exposure to a variety of 

disturbances in the agroecosystem, notably natural disasters, 

climatic variations as well as financial crises. 

Resources 

services and units 

Number of agricultural 

commodities 

 Diversity: Despite important innovations, functional diversity 

has decreased in recent years due to strong market forces 

favoring a small number of commodities. 

 Moderate connectivity: Reliance on fewer commodities has 

increased the connectivity in the agroecosystem  
Number of 

agroecosystem services 

 Internal regulation: Agriculture contributes to the reduction 

of water quality, soil erosion and GHG emissions, and decline 

in wildlife and biodiversity, although significant improvements 

have been made in the last decades.  
Economic value  Productivity: The productivity of agriculture has increased, 

through innovations increasing efficiency and productivity. 
Management 

practices 

Technologies and 

management practices 

 Diversity: Increased diversity of technologies and management 

practices due to research and innovation. 

 Internal regulation: There are indications that internal 

regulation may be decreasing in the agroecosystem based on 

the reliance of anthropogenic inputs, notably fertilizer. 

However, increased efficiency and new practices and 

technologies to reduce negative environmental impacts can 

help restore internal regulation. 

 Exposure to disturbances: Agriculture innovations tend to 

focus on disease and pest resistance or tolerance to climatic 

conditions. These efforts may reduce the exposure to 

disturbances in the Canadian agroecosystem. Conversely, there 

has been a shift in insurance and recovery programs to help 

farmers prepare, respond, and adapt to disturbances. Instead of 

preventing disturbances, these changes help farmers benefit 

from disturbances.  

Actors Number of relevant 

actors 

 Diversity: Influx of young farmers and increase in the number 

of female farmers have increased the diversity of actors. 

However, this increase is counterbalanced by the reduction of 

the number of farms and increase in size. 
 Moderate connectivity: Fewer and bigger farms resulted in an 

increase in connectivity. 
 Mental models of 

agroecosystems  

 Diversity: The increase in the number of farmers pursuing 

formal education may contribute to an increase in the diversity 

of mental models.  

 Moderate connectivity: Not assessed.  

 Exposure to disturbances: Not assessed 

 Moderate connectivity: Fewer and bigger farms likely to lead 

to an increase in connectivity. 
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Table 5 (continued). 

As discussed earlier, primary agriculture has experienced sustained growth in 

productivity in recent years. This growth is partly attributable to the development of new crop 

varieties and livestock breeds as well as new farming practices and technologies. In most cases, 

these innovations have been made possible through investments in public and private research 

and development activities. Although such innovations can contribute to increasing the 

functional and response diversity in the Canadian agroecosystem, their uptake by industry at a 

large-scale level could effectively reduce diversity in the system. In fact, in the past, strong 

market forces have influenced farmers’ decisions and have contributed to a reduction in diversity 

at the farm-level and in the regional landscape. For instance, strong prices for field crops have 

led to a sustained increase in cropland. This is particularly evident when considering canola 

production, which now accounts for more than one-fifth of all the cropland in Canada.  

Similar to the crops and livestock innovations, demographic changes have also brought 

more diversity in the social system, with an influx of young and female farmers. In addition, new 

farmers are likely to have received formal training. However, once again, this diversification is 

counterbalanced by the reduction of the number of farms and the increase in average farm size. 

Fewer but bigger farms may contribute to a reduction of functional and response diversity for 

both the social and ecological sub-systems. 

Agroecological 

knowledge  

Sharing of 

agroecological 

knowledge  

 

 Shared learning and experimentation: Both public and 

private funding for research and development support learning 

and experimentation. However, the focus on research and 

development for productivity may not support long-term 

agroecosystem resilience.  

 Diversity: Not assessed.  

 Moderate connectivity: Not assessed. 
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In addition to an overall decrease in functional and response diversity, agroecosystems 

have experienced an increase in connectivity. This is due to a reliance on a smaller number of 

commodities as well as the structural changes leading to fewer, but bigger farms. In fact, actors 

in the system are increasingly reliant on fewer farmers for agricultural products and employment. 

These farmers are also likely to rely on fewer service providers (e.g., professional services, seeds 

and fertilizers, transport, or processing facilities). Such streamlining of agriculture production 

and processing has undeniably led to significant gains in efficiency, which has been the main 

perceived advantage for the actors in the system. However, this increase in efficiency can also 

increase connectivity, which may result in a decline of the overall resilience of the 

agroecosystem over time.  

As described, innovations can play a key role in diversifying agricultural production. 

However, these innovations often focus on preventing disturbances in the form of disease and 

pest resistance or increased tolerance to extreme climatic conditions. In addition, insurance 

programs have been developed to stabilize farm income and accelerate recovery following 

natural disasters (OECD, 2020). From a systems perspective, these innovations could prevent the 

agroecosystem from benefiting from periodic reorganization events at local scales. However, 

recent changes in the insurances and recovery programs may mitigate this risk by focusing on 

prevention (before a disturbance) and learning (after a disturbance). Anecdotal evidence from 

discussions heard at industry meetings seems to indicate that some farmers may be responding to 

the recent changes in insurance and recovery programs by diversifying their production to cope 

with climatic disturbances. 

There is no doubt that anthropogenic inputs have led to significant gains in productivity 
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as well as the reduction of manual labour, driving some of the profound demographic changes 

experienced in the Canadian agroecosystem. These gains in productivity and efficiency have 

profoundly shaped the current production systems but have also contributed to the depletion of 

natural assets (and social assets) in the Canadian agroecosystems over time. Yet, this depletion 

has been mostly concealed because anthropogenic inputs, and particularly fertilizers, effectively 

replace these natural assets to maintain (or increase) production. However, as is suggested by the 

marked increased in fertilizer use in Canada since 2005, in certain local agroecosystems, a 

continuous increase in the levels of fertilizer has become necessary to maintain yields. In 

addition, the relative availability and affordability of fertilizers may have contributed to a 

favourable cognitive bias for the use of anthropogenic inputs and might also explain the 

continued increase in fertilizer use.  

Although it is tempting to paint a negative picture of the use of fertilizer in the Canadian 

agroecosystem, the reality is more nuanced. In certain cases, such inputs are necessary to support 

natural processes, notably after a disturbance. In addition, there are indications that farmers are 

now using fertilizers more effectively. This is attributable to research and development efforts to 

improve fertilizers themselves as well as develop a better understanding of the use and 

application of fertilizers to protect natural processes and assets. The improved use efficiency of 

fertilizers partly explains the significant reduction in adverse environmental impacts related to 

agriculture despite the recent drastic increase in fertilizer use. 

As discussed, public and private spending for research and development has increased in 

Canada over the last 30 years. It is likely that some of the knowledge developed through the 

research and development activities reaches agriculture audiences through formal education 
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programs, as is indicated by the higher number of farmers pursuing formal educations, as well as 

through various programs and organizations, and informally between farmers. However, there is 

evidence that some of the mechanisms to facilitate learning and experimentation within the 

agroecosystem might still be lacking. For instance, a recent internal assessment in the Science 

and Technology branch determined that the mechanisms supporting “a comprehensive 

knowledge transfer strategy for agri-environmental science” (Office of Audit and Evaluation, 

2012. third recommendation.) are still largely lacking (Knowledge and Technology Transfer) 

group, personal communications, July 2020). In parallel, some provinces have made cuts in 

agricultural research and extension services (see for instance Dhaliwal (2021) and The National 

Farmers Union in Manitoba (2021)). Without the proper mechanisms for capturing and 

exchanging the knowledge, it is unclear to what extent the research and development efforts can 

contribute to shared learning and experimentation in support of resilience in the Canadian 

agroecosystem.  

Conclusions: Implications for the Management of the Canadian Agroecosystem 

Together the description of the agroecosystem and the identification of trends and trade-

offs for the six conditions provide insights into agroecosystem resilience and opportunities for 

interventions. In this section, I discuss these important implications for the management of a 

resilient Canadian agroecosystem.    

Following the system analysis of the Canadian agroecosystem, I note that agriculture in 

Canada is undergoing change and reorganizing constantly, both in its social and ecological 

subsystems. Effectively, in the social systems, demographic changes are precipitating the re-

organization of institutions to reflect new realities: new young farmers are finding innovative 
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ways to access land; a higher number of female farmers are starting their own operation; and 

farmers are investing in education. Conversely, in the ecological systems, new practices 

increasing efficiency while decreasing negative environmental impacts are being adopted across 

Canada. Reduced tillage practices, for instance, have been widely adopted and are considered a 

significant improvement to preserve soil quality and fertility. These changes are signs of a 

constant process of re-organization, learning, and adaptation providing resilience to the 

agroecosystem. 

However, I also note a strong focus on both increasing and maintaining predictability, 

productivity, and efficiency (which I refer to ‘the focus on productivity’) in the Canadian 

agroecosystem. This focus on productivity is evident in the research and development efforts to 

create knowledge, management practices, and technologies to increase yields and efficiency. 

Paradoxically, this focus on productivity is most certainly part of the motivation behind the 

recent interest in the concept of ‘resilience’, where ‘resilience’ is perceived as ‘future-proofing’ 

production systems against all eventualities. Furthermore, the same focus on productivity can 

explain the observed overall decrease in diversity, increased connectivity, increased protection 

from disturbances, as well as the reliance on external inputs, and the current mechanisms of  

‘shared learning and experimentation’ in the Canadian agroecosystem. 

The focus on maintaining short-term productivity is not surprising given the function of 

agroecosystems. In fact, ‘productivity’ is essential to the long-term resilience of agroecosystems 

to ensure desirability, which maintains agroecosystems on the landscape. If the productivity of 

agroecosystems decreases, these systems would cease to benefit the humans who are responsible 

for their existence – and would be replaced by other human or natural systems. 
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However, I consider that this focus on productivity is attributable to more than the 

importance of productivity and profitability in the agroecosystem. In fact, my results demonstrate 

that, in general, the actors involved in agriculture in Canada are conceptualizing the 

agroecosystem as an engineered system designed for optimal agricultural production. Although 

actors may not have consciously chosen this conceptualization, their choices and actions indicate 

that they have adopted or constructed mental models that value and encourage consistency, 

predictability, productivity, and efficiency in the agroecosystem. Actors may even prioritize these 

characteristics over the benefits of resilience against unpredictable or unknown disturbances.  

This same focus on short-term productivity is not always conducive to ‘agroecosystem 

resilience’. In fact, as discussed, efforts to increase productivity in the short-term can effectively 

modify the stability landscape and push the system far from its equilibrium. As such, the system 

may not behave as expected, particularly if these expectations are based on the concept of 

‘engineering resilience’. In addition, efforts to increase ‘resilience’, themselves based on a 

misunderstanding of ‘resilience’, are likely to be ineffective, particularly as the system moves 

toward a different basin of attraction (i.e., undergo a regime shift) following a disturbance.  

Focusing on productivity often leads to the prolongation of the conversation phase of the 

adaptive cycle. Unfortunately, prolonging the conservation phase can effectively undermine the 

long-term resilience of the agroecosystem. This is because the production of a system normally 

fluctuates as the system moves through the adaptive cycle, along with its diversity, connectivity – 

and resilience. Although productivity is usually at its highest during the conservation phase, the 

resilience of the system is at its lowest during that phase. Conversely, diversity is usually highest 

just before re-organization and decreases as the system moves through the rest of the adaptive 
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cycle. For its part, connectivity increases during the conservation phase. Maintaining a system in 

its conservation phase by preventing re-organization, particularly at lower level, therefore 

decreases diversity and resilience and increases connectivity contributing to a lower overall 

resilience. 

As I indicated, prolonging the conservation phase does not only affect the resilience of 

the system at the scale at which the efforts are made. In fact, due to panarchy, prolonging the 

conservation phase at lower-scales also affects the system at a higher-scale. That is because 

resilience in higher scales is partly derived from having parts of the system at lower scales in 

distinct phases of the adaptive cycle. However, when the conservation phase is prolonged at 

lower scales, eventually all the parts of the system are in the conservation phase, across all 

scales. As a result, the overall system has a low resilience and is not only vulnerable to large, 

infrequent, disturbances, but also to small and local ones. In fact, “the longer a system remains in 

the conservation phase, . . . the smaller are the external or internal shocks needed to end this 

phase and to initiate a release phase” (Burkhard et al., 2011, p. 2879).  

Following from the system analysis, I conclude that the current focus on short-term 

productivity is contrary to the stated goal of enhancing ‘agroecosystem resilience’ as defined 

here. Therefore, reaching the stated goal of enhancing the resilience of Canadian agroecosystem 

requires a paradigm shift for the agriculture industry by leveraging the benefits of the current re-

organization, adaptation, learning and recognizing the true costs of short-term productivity. 

Unless the costs of productivity are understood, acknowledged, and balanced against the benefits 

of long-term resilience, ‘agroecosystem resilience’ may remain an elusive management 

objective.  
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Congruent with this paradigm shift, efforts are required to understand, monitor, and 

manage agroecosystems across different timescales in support of the six conditions for 

agroecosystem resilience. Although it is possible to discuss the adaptive cycle and various 

timescale in a theoretical way as I have done here, in practice these concepts are not easily 

discernable – and may be of little value to actors making decisions in the Canadian 

agroecosystem. Translating and applying these concepts into practical solutions to manage 

agroecosystem resilience, while also supporting productivity, requires that we rely on the 

adaptability and transformability attributes inherent to social-ecological systems, enhancing their 

resilience. 

In practice, I believe that encouraging diversification in both the ecological and social 

subsystems may be the most effective way to enhance agroecosystem resilience in Canada – and 

begin the paradigm shift towards an understanding of agroecosystems as complex social-

ecological systems. Encouraging diversification could help take the focus away from short-term 

productivity and efficiency, towards long-term resilience.  

Such diversification would help decrease connectivity and may increase internal 

regulation by diminishing the needs for anthropogenic inputs. Diversification can also lead to 

better learning and experimentation, particularly at the local level, where new knowledge created 

to respond to unique conditions can be developed and shared within the social subsystem.  

The diversification of the Canadian agroecosystem could happen at many levels. At the 

field level, diversification could manifest through the planting of various crops as well as the 

adoption of practices such as crop rotation and intercropping. At the farm level, diversification 

could lead to a better integration of crop and livestock, including different livestock types and 
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breeds. Finally, at the regional level diversification would involve diverse types and size of farms 

– along with diverse options for processing and markets. This diversification would need to be 

supported by research and development efforts to expand options available for crops, breeds, and 

practices, as well as policies and programs.  

My argument for the diversification should not be misconstrued as an appeal for the 

return of the small farms of the past. Instead, I recommend capitalizing on the benefits of 

diversity in our current modern agroecosystem. Diversification of the modern agroecosystem 

would require a systemic approach to understand the system, across levels, and identifying viable 

options for crops, livestock, practices, and transformation and commercialization models.  

Diversification could also reach beyond the Canadian agroecosystem, as defined here, to 

broaden options for where our food is grown. These options may include urban and vertical 

farming, both at the individual and commercial scale. Although this type of agricultural was not 

considered here, I believe that it could support agroecosystem resilience by reducing the 

production pressure in traditional industrial agroecosystems. These non-traditional production 

models also offer other benefits, such as shortening the distance between production and 

consumption, thereby reducing transportation and its related environmental footprint. 

Broadening agricultural production may in fact be essential to achieving the dual challenge of 

increasing food production while reducing agriculture’s environmental impacts. So far, these 

types of agricultural production are considered marginal, receiving little attention from 

policymakers, except for some discussions on food security or issues related to zoning and 

regulation (Beauchemin, 2018).  
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Based on the system analysis, I believe that this diversification is already underway in 

response to the recent changes in the insurance and recovery or due to ongoing investments in 

research and development. However, diversification would benefit from concerted efforts by 

policymakers to develop policies and programs to deliver both incentives and support for farmers 

to continue to diversify.  

In conclusion, as I demonstrated here, our conceptualisation of agroecosystems is 

powerful in shaping actions and, in turn, the systems themselves. Yet, even if the Canadian 

agroecosystem is influenced by the actors’ engineered systems conceptualization, it is neither 

determined nor bounded by it. In fact, it is important to remember that the Canadian 

agroecosystem is a complex adaptive system and that constraints put on it cause it to evolve and 

change, often to escape these same constraints. Although the agroecosystem is likely to keep 

changing and adapting with future disturbances, enhancing its general resilience through 

diversification and informed management could help avoid abrupt and disruptive (also 

irreversible) changes caused by these same disturbances.   
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Chapter 5: Adaptive Management and Other Closing Thoughts  

In this section, I answer my last research question by exploring the potential application 

of the conceptual framework for the adaptive management of agroecosystems in the form of 

recommendations to policymakers, managers, and farmers. I also offer a few final observations 

regarding agroecosystem resilience derived from the study of ecological systems, as well as ideas 

for continuing this important work. 

The Necessity of Complex Adaptive Systems Thinking 

As I have mentioned, recognizing, and working with the complex adaptive nature of 

agroecosystems require changing our conceptualization of agroecosystems and our management 

concepts. In agroecosystems, this means a shift in from the current focus on maximizing 

productivity through optimum input levels to working with these evolving systems to maintain 

production over time and despite disturbances. However, to be effective, this paradigm shift must 

also occur in our conceptualization of agroecosystems and its accompanying mental models. 

In their recommendations to enhance the resilience of social-ecological systems, Biggs et 

al. (2012) recognize the importance of fostering an understanding of social-ecological systems as 

complex adaptive systems). In the context of social-ecological resilience, and the work I have 

done here, I consider this recognition an essential pre-requisite to managing resilient 

agroecosystems. 

Understanding agroecosystems as complex adaptive systems is conceptually 

transformative, particularly for the current focus on productivity. Acknowledging the existence 

of multiple stable states in agroecosystems, as well as the nonlinear dynamics of these systems, 

requires that we also revise our current management approaches. A paradigm shift is necessary to 
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transition from management approaches that assume and strive for stability, towards innovative 

approaches that can manage change and capitalize on the opportunities it brings for renewal and 

adaptation. This is a formidable challenge. However, I believe that the current interest in 

resilience indicates that change is already underway.  

Finally, it is important to admit that recognizing agroecosystems as complex adaptive 

systems does not make agricultural resources management any easier. Going beyond the 

assumption that these systems are simple, linear, predictable, and reducible, may damper our 

ambitions to improve agroecosystems resilience to ensure sufficient quality food for a growing 

population. However, instead of criticizing simpler approaches, I believe that we must 

acknowledge that these approaches have been useful and have enabled the development of a vast 

and rich understanding of the world, including agroecosystems. However, like most tools, these 

approaches have their limits and understanding these limits does not mean rejecting the 

approaches altogether. Rather, it means discerning when new tools are needed. The tools we need 

now are those that understand and use social-ecological systems, such as the adaptive 

management approach. 

Adaptive Management Approach 

Adaptive management is a participatory approach when management interventions are 

used to manage the systems and derive knowledge about the systems to develop future 

interventions. Adaptive management is an integrative, responsive and flexible approach, which 

makes it an excellent tool to manage complex resources systems (Holling, 2001). In fact, 

abundant empirical evidence has been cited in the scientific literature demonstrating the need for 

such an integrative management approach to manage resilience in complex adaptive systems 
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(Biggs et al., 2012). 

The phrase ‘adaptive management’ has been used loosely to refer to a structured 

management process involving experimentation (Salafsky et al., 2001) or to the ad hoc adoption 

of management measures to respond to changes in systems (Gachechiladze, Noble, & Bitter, 

2009). However, Hollings’ interpretation is a cyclical process based on five steps: 1) model, 2) 

plan, 3) act, 4) monitor, 5) review (Salafsky et al., 2001). Although all phases are equally 

important, Salafsky et al. (2001), considered the development of an explicit conceptual model as 

the entry point to adaptive management and a step requiring careful consideration. According to 

Argent (2009), an explicit conceptual framework is necessary to describe the behavior of the 

system to researchers, managers and various stakeholders, allowing for the development of a 

shared understanding and consensus building (Argent, 2009), both essential to the success of an 

adaptive management approach (Olander et al., 2018). By developing a conceptual framework to 

assess agroecosystem resilience, I am contributing to the first step of adaptive management. My 

proposed framework links current scientific knowledge and management actions to the stated 

resilience objectives (Argent, 2009). 

The conceptual framework I developed is both descriptive and analytical. However, it 

does not provide definitive answers, nor precise predictions. This conceptual framework should 

therefore be used as part of an adaptive management approach. As such, it provides a basis for 

discussion through the systematic review of several variables representing elements and 

connections in agroecosystems. Moreover, by providing a contextual basis to evaluate resilience 

using the six conditions for resilience, the conceptual framework can help farmers and 

policymakers assess current agroecosystem resilience and identify opportunities to enhance it. 
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 My exploration of the concept of social-ecological resilience, and its implications in 

agroecosystems has highlighted the inherent tension between change and persistence in complex 

social-ecological systems. Managing this tension requires a new management approach that can 

address and embrace change. Moreover, this approach should be able to deal with the partiality 

and provisionality of our knowledge of these systems.  

 Through its iterative design, adaptive management is particularly well suited to manage 

change and uncertainty in complex systems. In addition, adaptive management can lead to 

adaptive governance, by enhancing transdisciplinary capacity and stakeholder engagement. 

“Adaptive governance is crucial for supporting the self-organizing aspects needed for improved 

resilience and adaptability” (Virapongse et al., 2016, p. 88). Adaptive governance can also help 

balance power dynamics, allowing for an adaptive response to change (Virapongse et al., 2016). 

Parting Thoughts 

The present study is my contribution to the work underway to define and assess the 

resilience of the important systems that feed us. Conversely, the work I have done here could be 

continued and expanded. In fact, more could be done to operationalize and test the framework in 

various agroecosystems and at different temporal and spatial scales.  

In addition, I have focused on exploring and building upon the concept of social-

ecological resilience of agroecosystem from an ecological perspective. Yet, it could be 

informative to consider and integrate other concepts of resilience, such as psychological 

resilience and community resilience, and explore how these concepts contribute to social-

ecological resilience in agroecosystems. 

Similarly, the conceptual framework proposed here is based on an anthropocentric and 
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utilitarian conceptualization of the world and the interactions between humans and ecological 

systems. This view, however, may benefit from other philosophies and ways of interacting in the 

world. This conceptual framework may require, or at least benefits from, some modifications to 

integrate other kinds of knowledge such as Traditional Ecological Knowledge and Indigenous 

Knowledge. 

Finally, it would be interesting to use this framework for its intended purpose, which is to 

contribute to adaptive management by engaging in conversations with various actors about their 

understanding of agroecosystems and resilience, the challenges they face, the opportunities they 

perceive.  

After more spending close to 500 hours researching and reflecting on the topic of 

agroecosystem resilience, I am convinced that social-ecological resilience is not only a property 

of ecological systems, but also a product of human interactions. These exchanges serve to 

develop and change our mental models of the world around us. It is in conversation with others 

that we enhance our ability to manage the tension between change and persistence and, thus, turn 

crises into opportunities.  

We might find that our search for resilience profoundly changes “our present construction 

of systematic thought” (Pirsig, 1975). And, because “the more complex our worldview and 

cognition, the more effectively we can deal with problems we face” (Laloux, 2014, p.50), we 

might find that our search for pragmatic answers to ensure sufficient food production for our 

growing population lead us to changing humanity itself and the way we interact in the world. An, 

that is resilience. 
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Appendix A  

Various Contemporary Definitions of ‘Resilience’  

Table A 1 

Definitions of the term ‘resilience’ used in various contexts and disciplines 

Resilience concept Definition  

Popular usage An ability to recover from or adjust easily to misfortune or change (Merriam-

Webster, n.d.) 

Materials resilience The property of a material to absorb energy when it is deformed elastically and 

then, upon unloading to have this energy recovered (Bunnell, 2018, p.2). 

Engineering resilience  How fast a variable that has been displaced from equilibrium returns to it. 

Resilience could be estimated by a return time, the amount of time taken for the 

displacement to decay to some specified fraction of its initial value (as cited in 

Folke, 2006, p. 256).  

Ecological resilience The capacity of a system to absorb disturbance and reorganize while 

undergoing change so as to still retain essentially the same function, structure, 

identity, and feedbacks (Walker, Holling, Carpenter, & Kinzig, 2004, p. 1). 

Social-ecological resilience The capacity of an SES (social-ecological system) to sustain a desired set of ES 

(ecosystem services) in the face of disturbance and ongoing evolution and 

change” (Biggs et al., 2012, p. 423). 

Psychological resilience 

 

Resilience is the process of adapting well in the face of adversity, trauma, 

tragedy, threats or significant sources of stress — such as family and 

relationship problems, serious health problems or workplace and financial 

stressors. It means "bouncing back" from difficult experiences. (APA, 2019, 

para 2.) 

Social resilience "The ability of human communities to withstand external shocks to their social 

infrastructure, such as environmental variability or social, economic and 

political upheaval (as cited by Folke, 2006, p. 259). 

Physical resilience The ability of an organism to respond to stressors that acutely disrupt normal 

physiological homeostasis. By definition, resilience decreases with increasing 

age (Schoor, Carter & Ladiges, 2017, p.1). 
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Appendix B  

Selection and operationalization of first- and second-tier variables 

Environmental and Social Settings 

In this study, I define agroecosystems as social-ecological systems because of the 

interconnection between their human and natural subsystems. However, each agroecosystem 

contains different elements, which are connected differently. As the elements and their 

connections determines the structure and behaviour of the resulting system (Meadows, 2008), the 

first step in understanding the system is therefore to define its limits (Cabell & Oelofse, 2012; 

Carpenter et al., 2001; Meadows, 2008; Resilience Alliance, 2010). This crucial step of defining 

the boundaries of agroecosystems corresponds to the first-tier variable ‘environmental and social 

settings’- meaning that determining the ‘environmental and social settings’ requires setting the 

boundaries of the agroecosystem. 

Defining system boundaries is a challenging, but essential process which serves to 

identify the ‘focal system’ for analysis, and distinguish the external drivers (Resilience Alliance, 

2010; Walker et al., 2012). External drivers are elements external to the system or from higher 

scales (e.g., environmental and climatic variations, actions from people outside the system) and 

for which there is no feedback within the system. In fact, external drivers are often disturbances 

to the systems and can trigger regime shifts under certain circumstances (Walker et al., 2012). 

Yet, as Meadows (2008) pointed out, in the real world, systems do not come with clearly 

labelled boundaries. Deciding what is in and what is out is not always obvious. In fact, “such a 

process is not trivial and usually requires several cycles of problem specification and model 
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building to clarify people’s stated and unstated assumptions and goals” (Walker et al., 2012, p. 

12). 

In general, the natural and political borders present in the systems can be used as a 

starting point when determining the boundaries for the focal system (Resilience Alliance, 2010). 

Political boundaries define the social subsystem because laws and regulations affecting the 

implementation of management practices are often closely tied to the political system. However, 

political borders appear artificial from an ecological perspective, where biophysical conditions 

dictate boundaries (Meadows, 2008; Resilience Alliance, 2010). For that reason, it is also 

important to consider natural boundaries in and around agroecosystems, such as dominant or 

divisive natural features or significant changes in biophysical conditions.  

In addition to political and natural boundaries, Cabell and Oelofse (2012) suggested using 

‘intentionality’ to bound the system, a method similar to the framing process described by 

Cilliers et al. (2013). Because agroecosystems are designed and managed for agroecosystem 

production, their boundaries should “encompass the physical space dedicated to production, as 

well as the resources, infrastructure, markets, institutions, and people that are dedicated to 

bringing food to the plate, fiber to the factory, and fuel to the hearth” (Cabell & Oelofse, 2012, p. 

3).  

In addition to the spatial boundaries, temporal boundaries in the system also need to be 

considered (Resilience Alliance, 2010). Otherwise, as Cilliers et al. (2013) explained, “any 

analysis of a complex system that ignores the dimension of time is incomplete, at most a 

synchronic snapshot of a diachronic process” (p. 2). Multiple spatial and temporal scales should 

be considered in succession or in conjuncture to expose the multiscale interactions occurring in 
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the focal system (Resilience Alliance, 2010). This is necessary to identify external drivers 

(Walker et al., 2012) and to understand the evolution of the complex social-ecological system, 

which define the present system.  

Finally, however, it is important to remember that agroecosystems, as complex adaptive 

systems are ‘radically open’ (Chapman et al., 2017) or ‘thermodynamically open’ (Cilliers et al., 

2013). As such, systems boundaries are permeable and changing, with continuous flow in and 

out of agroecosystems. 

For this conceptual framework, the spatial scale of interest is therefore greater than the 

field or the farm to encompass the space necessary for the production and use of agricultural 

products. However, the space defined by the boundaries is not so vast that the choices of 

individual actors are no longer discernible in the behaviour of the system. Similarly, the temporal 

scale is the time necessary not only for agroecosystems’ production, but also for the 

consequences of actor’s choices (particularly regarding management practices) to be perceptible 

in the system. These scales provide the context necessary to understand the evolution of 

agroecosystems, in both time and space. However, as mentioned, in addition to remembering that 

these boundaries are porous, it is useful to revisit the boundaries of the focal system periodically, 

particularly when trying to identify external drivers. This first-tier variable serves to define the 

focal system and identify external drivers.  

In the conceptual framework, the first-tier variable ‘environmental and social settings’ is 

described by the second-tier variable ‘spatial and temporal boundaries’. This second-tier variable 

can be operationalized by the selection of specific indicators. For this variable, I recommend 

finding indicators through the identification of past and present natural and political boundaries, 
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as well as intentionality for the actors. These indicators serve to evaluate agroecosystems 

resilience when they allow for the production and use of food, fuel, and fiber within the 

agroecosystems. However, these indicators also need to encompass and reflect the outcomes of 

management decisions made by actors in the system. 
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Resources System  The resources system is the first-tier variable representing the 

ecological components of agroecosystems that provide the biophysical conditions for agricultural 

productions. I chose seven second-tier variables and indicators to operationalize each.Firstly, the 

second-tier variable ‘sector’ can be operationalized by assessing land-use diversity in each 

agroecosystem. More specifically, the diversity and relative compatibility of land use provide 

information on the functional and response diversity of agroecosystems, as well as their 

connectivity. 

The ‘size of resource systems’ is a second-tier variable that can be evaluated through the 

size of the system under agricultural production, which serves to establish the boundaries of the 

system. 

The second-tier variable ‘disturbance regime’ can be measured through the fluctuations in 

climate and weather events, as well as pest and diseases outbreaks and financial and market 

crises. This second-tier variable serves to assess the exposure to disturbance that the 

agroecosystem is normally experiencing. 

Finally, four second-tier variables serve to assess the productivity of agroecosystems: 

‘productivity of system’, ‘equilibrium properties’, ‘predictability of systems dynamics’, and 

‘storage characteristics’. These second-tier variables are measured respectively using yield, 

fluctuation in yield, number of below average yield events, as well as the length of the recovery 

period following a below average yield event. 

Resources Services and Units   

 In the ecological subsystem, I consider agroecosystems as containing two first tier-variables, 

‘resource systems’ (described above) providing ‘resources services and units’ (addressed here). 
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This variable is a modification of the “resources units’ first-tier variables suggested by McGinnis 

and Ostrom (2014). This modified name was allegedly considered by McGinnis and Ostrom 

(2014) to address services that cannot be divided into discreet units, such as ecosystem services. 

However, the authors ultimate decided the name change to remain consistent with the rest of the 

proposed nomenclature. In the context of agroecosystems, however, I deem this an important 

distinction to differentiate between the private and public goods produced by agroecosystems.  

In the present context, all agricultural products are private goods and easily divisible. 

However, ecological services derived from agroecosystems are public goods. The production of 

agricultural products is considered the main function of agroecosystems. However, as discussed, 

agricultural production is dependent on a larger set of ecosystem services.  

The second-tier variables used to describe the resources services and units are the 

‘number of agricultural products’, the ‘number of agroecosystem services’ and the ‘economic 

value. These variables are operationalized with indicators measuring agricultural production and 

ecosystems service diversity, as well as the total revenue generated in each agroecosystem. These 

variables and their indicators serve to evaluate agroecosystems resilience by providing an 

assessment of the functional and response diversity, as well as connectivity, internal regulation, 

and productivity of agroecosystems.  

Actors Within the social subsystems, I consider actors as essential and central elements. Indeed, 

actors develop, select, and implement the management practices based on their knowledge of the 

system (Berkes et al., 1998). The actors, through their management practices, affect the 

ecological system. As a result, these actors learn about the ecological system (Berkes & Turner, 

2006) and integrate this knowledge into governance systems (McGinnis & Ostrom, 2014). 
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Although Folke and Berkes (1998) recognized the importance of actors in the implementation of 

management practices, ‘actors’ were not identified in their conceptual framework. Consistent 

with the latest version of Ostrom’s framework (McGinnis & Ostrom, 2014), I include the ‘actors’ 

as first-tier variables (instead of ‘users’ as was suggested in previous versions of Ostrom’s 

framework).  

I consider agricultural farmers the principal actors as they manage agroecosystems 

through their management decisions, or through the implementations of regulations and 

legislations (Ostrom, 2009) or other incentives. Because farmers are an integral part of 

agroecosystems (Biggs et al., 2012; Chapman et al., 2017) and interact directly with the natural 

systems and make management decisions that can have significant direct impacts on 

agroecosystems (Tourangeau, Sherren, Kent, & Macdonald, 2019), they are considered 

managers. However, I retained the term ‘farmers’ to avoid confusion with other actors commonly 

referred to as ‘managers’ (e.g., governmental, and environmental managers).  

For this conceptual framework, I do not include the role of agroecosystem consumers and 

other users, as part of the ‘actors’ category. Instead, I consider the influence of consumers 

external to the focal system, which are captured within the social and economic settings. In the 

conceptual framework, the first-tier variable ‘actors’ is divided into two distinct second-tier 

variables: ‘number of relevant actors’ and ‘mental models of agroecosystems’. The ‘number of 

relevant actors’ second-tier variable is operationalized and measured through the number and 

diversity of the different relevant actors in agroecosystems. These two indicators provide an 

indication of the functional diversity and connectivity in the social sub-systems, two of the 

conditions that can enable the emergence of resilience in agroecosystems, as discussed in the 
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previous section of this chapter. 

The ‘mental models of agroecosystems’ second-tier variable is operationalized by 

indicators which use the common definitions and application of the concepts related to resilience 

by actors in the social subsystems. The relative nature, diversity, and relative compatibility of the 

different definitions of ‘resilience’ by the actors in the agroecosystem serve as an indication of 

the shared learning and experimentation as well as the functional and response diversity and the 

exposure to disturbance in the social subsystem. These conditions help assess the emergence of 

social-ecological resilience in the agroecosystem under review. More information is presented in 

Appendix B on methods to apprehend and measure actors’ mental models. 

Management Practices   

Also, within the social subsystem encompassing the actors, I added ‘management 

practices’ as a second first-tier variable, consistent with Berkes and Folke’s framework (1998). 

This first-tier variable replaces ‘governance systems’, however, this change in nomenclature is 

relatively minor, given that Ostrom’s ‘governance systems’ variable included management 

practices within governance systems, as well as organizations. These management practices are 

the human interventions, such as tilling, planting, harvesting, or protecting. These practices 

maintain the unique structure of agroecosystems and ensure agricultural production to suit 

human needs. 

The second-tier variable for ‘management practices’ is the ‘technologies and management 

practices’ implemented by actors in agroecosystems. The selected indicators of implementation 

of conservation technologies and practices serve to operationalize the second-tier variable. The 

relative proportion of implementation of these technologies and practices by the actors in the 
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system provide an indication of the functional and response diversity of actors in 

agroecosystems, as well as the mechanisms of internal regulation and the relative exposure to 

disturbance that the agroecosystems is allowed to experience. As already discussed, these 

conditions influence the social-ecological resilience of agroecosystems. 

Agroecological Knowledge 

Finally, as I discussed previously, I consider the sharing of agroecological knowledge the 

main interaction linking social and ecological subsystems affecting the resilience of 

agroecological systems. Effectively, in agroecosystems, agroecological knowledge is essential to 

the development and implementation of management practices in the social subsystems. In turn, 

these practices affect and modify the ecological subsystems. In response, new knowledge is 

created by incorporating the effects of the management practices to existing knowledge. This 

knowledge allows humans to maximize the production of desirable ecosystem services and 

minimize unwanted ecosystem disservices. This knowledge, as well as the processes to develop, 

share, and preserve it, are therefore essential to the social-ecological resilience of 

agroecosystems. For these reasons, I consider ‘Agroecological knowledge’ the main interaction 

between social and ecological subsystems in agroecosystems. 

The first-tier variable ‘agroecological knowledge’ leads to the selection of the ‘sharing of 

agroecological knowledge’ for the second-tier variable. This second-tier variable is 

operationalized through the functions of the different actors in relation to the sharing of 

knowledge. More concretely, the second-tier variable is measured through the inventorying of 

knowledge repositories and sharing events. These indicators serve to assess some of the 

conditions necessary for agroecosystem resilience, namely the shared learning and 
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experimentation in the agroecosystems, as well as the functional and response diversity and the 

connectivity within the social subsystem.   



SOCIAL-ECOLOGICAL RESILIENCE OF CANADIAN AGROECOSYSTEM 134 

 

Appendix C  

Supplemental Material for the Selection and Operationalization of First and  

Second-Tier Variables  

Resources System 

In the resource system, seven second-tier variables were selected and operationalized.  

Sector. I suggest operationalizing the sector by using the diversity land-use within the 

focal system as an indicator. Geospatial data can be used as a proxy to calculate coverage of 

various land use types. Following this assessment, Shannon’s diversity index can be calculated to 

“describe the compositional makeup of the landscape” (Dressel et al., 2018, p. B5) in the focal 

system.  

The diversity of land uses provides information on the diversity and heterogeneity of the 

landscape within the focal system. I assume a high diversity and heterogeneity in compatible 

land uses to provide higher functional and response diversity, thereby increasing the resilience of 

the agroecosystem. However, not all land uses are compatible with agriculture and 

agroecosystems receive ecosystem disservices from neighbouring ecosystems (Zhang et al., 

2007). Therefore, high spatial and temporal diversity and heterogeneity may negatively affect the 

production and profitability of agroecosystems and decrease their social-ecological resilience. 

Size of resource system.  For this variable, I suggest the size of the area under 

agricultural production (or agricultural land cover) to approximate the size of the resource 

system. I assume that larger agroecosystems may be more challenging to manage for the actors, 

as Ostrom (1990) noted that actors in larger resources systems face more difficulties to self-
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organize and build suitable institutions, which would negatively affect social self-organization. A 

lower social self-organization would decrease the social-ecological resilience of the system. 

Disturbance regime. Although the disturbance regime is not one of the variables 

suggested by the authors and collaborators of the SES framework (McGinnis & Ostrom, 2014; 

Ostrom, 2007, 2009), I considered this variable important to assess resilience. The disturbance 

regime can be used to assess the extent to which a system is exposed to disturbances. Discrete, 

regular, and small-scale disturbances contribute to the diversity and heterogeneity of the focal 

systems and stimulate the release and re-organization phases. Therefore, regular exposure to 

disturbances that do not push the system beyond the limit of its basin of attraction are expected 

to increase social-ecological resilience (Cabell & Oelofse, 2012). 

To operationalize this variable in the context of climate change, I used the number of 

weather events outside of the normal range for a period equivalent to the temporal boundary of 

the system as an indicator of its exposure to disturbances. 

Productivity of system. The productivity of the system can be assumed to contribute to 

the production and profitability of the system, which increase the desirability of the system with 

actors. In this context, a higher productivity is assumed to increase the social-ecological 

resilience of the agroecosystem. 

This variable can be operationalized using the average annual yield over a period 

determined by the temporal boundaries of the focal system. 

Equilibrium properties. I suggest that the equilibrium properties of the focal system can 

be measured through the variation in annual yield in the focal system. Systems with high 
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equilibrium properties are expected to be more desirable to the actors in the systems, thereby 

increasing their social-ecological resilience. 

Predictability. Agroecosystems with high predictability are also assumed to be more 

desirable for actors who rely on the production for meeting their nutritional and financial needs. 

Therefore, these systems are expected to have greater social-ecological resilience. The number of 

years with below average yield is used here as an indicator of predictability. 

Recovery. Unlike in a constructed system, the storage characteristics of the resource 

systems are difficult to measure directly in natural systems. Indirectly, the storage characteristics 

of the systems can be assessed using the number of years for the system to recover following 

below average yield events. Systems with large storage characteristics are expected to recover 

more rapidly and therefore be desirable to actors, increasing their social-ecological resilience. 

Resource Services and Units 

The production of agroecosystems is often understood in terms of agricultural products. 

However, the production of agricultural goods is only one of the services humans receive from 

agroecosystems. In addition, these agroecosystem services are inextricably linked to one another. 

In fact, regulating ecosystem services are essential to the provisioning agroecosystem services 

that produce the food, fuel, fiber, and pharmaceuticals we expect from these systems. To better 

reflect this important function of agroecosystems, I renamed the first-tier variable ‘Resource 

Services and Units’.  

McGinnis (2014) reported a discussion with Ostrom and the members of the informal 

‘SES Club’ where this change was considered. In the end, the group decided against the change 

to remain consistent with the current labels of the second-tier variables and thus avoid 
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unnecessary confusion. However, McGinnis and Ostrom (2014) noted that this first-tier category 

does not include only private goods derived from natural systems: “A resource unit need not be 

required to be as easily divisible as are most private goods. A public goods is, by definition, 

consumed collectively and cannot be divided into discrete subunits” (p. 8). In this context, all 

agricultural products are private goods and easily divisible. However, ecological services derived 

from agroecosystems are indivisible public goods, which will be treated as a single unit. 

Number of units and ecosystem services. Listing the various ecosystem services and 

agricultural products derived from agroecosystems provides a good overview of the overall 

production of agroecosystems. This provides some of the data necessary to assess the variety of 

agroecosystem services (including the production of agricultural goods), which partly supports 

functional diversity and infer redundancy in agroecosystems (Cabell & Oelofse, 2012). Both 

functional diversity and redundancy are necessary for the system to tolerate disturbances and 

“[provide] seeds of renewal following disturbance” (Cabell & Oelofse, 2012, p. 5).  

The diversity of regulating ecosystem services derived from agroecosystems also 

indicates the level of ecological regulation in agroecosystem, also an important indicator of 

resilience (Cabell & Oelofse, 2012; Peterson et al., 2018; Rist et al., 2014) 

The number of units can be operationalized by assessing the diversity of agricultural 

products derived from the focal system. The diversity can be calculated using the Shannon 

diversity index for agricultural products. 

The diversity of ecosystem services derived from agroecosystems can be assessed in an 

equivalent manner, however, the number and types of ecosystem services produced by a given 

agroecosystem are often not easily available. In addition to the review of payment programs for 
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ecosystems services, I suggest the review of the information published by actors to infer the 

ecosystem services derived from the systems. This method may be followed by interviews and Q 

methodology to understand the subjective perceptions of actors regarding ecosystem services 

(Dressel et al., 2018). 

Economic value. Economic value, in combination with productivity, provides 

information on the profitability of agriculture. This is important to social-ecological resilience 

because the actors need to earn a livable wage to support agroecosystem resilience (Cabell & 

Oelofse, 2012). 

The economic value of agroecosystem services units can be assessed using the value of 

payments for ecosystem services (if present) and the value of agricultural products (inferred from 

commodity prices). However, using the total revenue related to agriculture activities is a more 

direct approach of assessing the economic value, particularly if there are no payments for 

agroecosystem services in the focal system. 

Governance Systems 

Conservation technologies and management practices. The operational-choice rule 

variable defined by Ostrom and her colleagues (McGinnis & Ostrom, 2014) refers to the actions 

that different actors in the system can take “without prior arrangements with other individuals” 

(Rahman et al., 2017, p. 828). In the context of agroecosystems, these actions pertain to the 

implementation of voluntary conservation technologies and management practices.  

To operationalize this variable, a list of application conservation technologies and 

practices (third-tier variables) should be developed for the focal system, based on local 

production and conditions. This list can be compiled using scientific and local sources of 
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information. The diversity and proportion of implementation of these practices can then be used 

to operationalize this variable. 

Conservation technologies and practices provide adaptive capacity in agroecosystems 

(Smit & Skinner, 2002) by increasing ecological self-regulation, the coupling of the local natural 

capital, and connectedness (Cabell & Oelofse, 2012). In cases such as water management, water 

conservation technologies and practices can also increase the exposure of the system to 

conditions similar to climatic disturbances. Consequently, a high diversity and implementation 

rate of conservation technologies and management practices is expected to lead to higher social-

ecological resilience in agroecosystems. 

Actors 

The social subsystem is composed of various actors (humans) affecting or affected by 

agroecosystems in different capacities (McGinnis & Ostrom, 2014). These actors are assumed to 

be ‘bounded rational’, meaning that “they seek to achieve goals for themselves and for the 

communities to which they identify, but do so within the context of ubiquitous social dilemmas 

and biophysical constraints, as well as cognitive limitations and cultural predispositions” 

(McGinnis & Ostrom, 2014, p. 2). 

Number of relevant actors.  

Ostrom (2009) pointed out that group size is always a relevant variable in a social-

ecological system, but that its influence might be dependent on other variables. Large groups 

face challenges when self-organizing, but may more successfully mobilize the resources 

necessary (time, money, expertise, and technologies) to achieve their goals (Ostrom, 2009). The 

management of smaller group may be easier for actors; however, such lower cost may reduce the 
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perceived value of self-organization, particularly if the resources are considered abundant 

(Ostrom, 2009). Self-organization is important for social-ecological resilience as it provide 

adaptive capacity in social systems (Cabell & Oelofse, 2012). 

In the context of resilience, the number of relevant actors should be considered in relation 

to the size of the focal system and its production. To maximize social-ecological resilience, 

actors should perceive a benefit to self-organizing and have access to some of the necessary 

resources to achieve their collective resilience goals. 

The diversity of relevant actors in the systems also provides information relative to the 

function and response diversity of the social system in the focal system. As with self-

organization, diversity supports social-ecological resilience. However, diversity could reach a 

point where it effectively reduces resilience. The diversity of actors needs to be assessed 

carefully and in relation with the other resilience indicators.  

Diversity can be operationalized by first defining categories of relevant actors in the focal 

systems, then by calculating the number of actors in these categories. The relative diversity of 

actors in each category was assessed qualitatively in relation with the other variables. 

Agroecological knowledge. Ostrom’s framework suggests knowledge of SES and mental 

models as a second-tier variable. In the current context, I suggest two second-tier variables: 

agroecological knowledge and mental models of agroecosystems.  

Agroecological knowledge included scientific, local, and traditional knowledge about 

agroecosystems and their management. The operationalization of this variable can be done by 

calculating the relative diversity of knowledge in the system. This assessment would be carried 

via interviews with the different actors. The diversity of agroecological knowledge should also 
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be qualitatively assessed in combination with the sharing of knowledge variable (see below). 

A higher diversity of agroecological knowledge is assumed to indicate a larger human 

capital in the system, which would lead to more social-ecological resilience, as actors have 

access to more knowledge when choosing management practices, particularly in the re-

organization phase of the adaptive cycle. 

Mental models of agroecosystems. The different mental models of the different actors 

related to agroecosystems are relevant because of the significant role of actors in maintaining the 

function and desirability of agroecosystems. For this indicator, I assumed that a diversity of 

relatively compatible mental models between different actors in agroecosystems increases social-

ecological resilience. Complete agreement between mental models may both be unrealistic and 

undesirable. In fact, resilience requires diversity, including in mental models. This diversity 

becomes particularly important during the backloop to resilience, when an SES is re-organizing 

following a disturbance. Having a variety of mental models to draw from and apply during the 

re-organization phase can prevent the system from falling into a poverty trap. In parallel, 

however, incompatible mental models can prevent the exchange of information and the 

collaboration necessary to achieve long-term social-ecological resilience objectives for the 

system.  

This is usually evident in the discourse of different actors to describe agroecosystems and 

disturbances (Tourangeau et al., 2019). I therefore suggest that this variable can be 

operationalized by reviewing the definition of resilience and or related concepts (e.g., 

sustainability or sustainable management) used by the different actors to assess mental models. 

The relative proportion of mental models, as well as their compatibility should be 
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qualitatively assessed. In addition, the level of correlation between the mental models and the 

measurable nature of agroecosystems can be assessed in a qualitative manner.  

It is expected that a diversity of compatible mental models reflective of the reality of 

agroecosystems will increase their resilience by contributing to the coupling of local natural 

capital and by building human capital. 

Interactions 

Two variables in the interactions were operationalized: the sharing of agroecological 

knowledge and the self-organizing activities.  

Sharing of agroecological knowledge. The sharing of agroecological knowledge can be 

assessed conjointly with the agroecological knowledge. As discussed, these variables are 

assumed to contribute to social-ecological resilience by building human capital and allowing for 

the coupling of the local natural capital. 

The functions of the diverse actors in the system in relation to the knowledge was 

assessed by calculating the number of repositories and events developed for the dissemination of 

knowledge in the focal system. 

 


