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Abstract  

Resilience in the context of climate change has rapidly gained popularity within scientific 

literature across a wide array of disciplines. With an increasing richness and diversity of 

perspectives, discussion also arises regarding the ambiguity of resilience definitions and 

conceptualizations. Ambiguity has the potential to distract and even paralyze researchers 

and practitioners in their efforts to operationalize initiatives responding to a changing climate. 

Structuring an understanding of the richness embedded in the diverse resilience definitions 

and features is necessary to support problem-framing and knowledge interpretation and 

application.  

 

This study aims to structure, clarify, and analyze the broad range of existing definitions 

stemming from multiple epistemologies and disciplinary approaches, in order to aid 

navigation of this diversity and to contribute to resilience theory and its practical 

operationalization. Literature published from 2000 to 2012 was systematically selected and 

reviewed for relevance to resilience in a climate change-specific context. Observed 

definitions of resilience were broadly categorized as: social, ecological, social-ecological and 

structural/physical resilience, with a majority referring to social or social-ecological 

resilience. Results demonstrate that over 90% of resilience definitions define ability or 

capacity, most commonly to absorb, adapt, recover, or maintain. The study also identifies 

the conceptual basis of resilience theory that permeate climate change literature; theoretical 

assumptions related to ideas of change, systems and their complexities and interactions, 

uncertainty, and considerations of scale (both spatial and temporal) were frequently 

observed. Key determinants, attributes, and indicators that can be used to assist resilience 

building were also identified, and we propose a ´Resilience Wheel´ to present these results 

and guiding principles for climate change resilience building and assessment. This study 

represents an important contribution to resilience conceptualization within a specifically 

climate change context. 

 

Keywords: Resilience, climate change, systematic review, Resilience Wheel, building, 

assessment 
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1. Introduction  

Resilience as a concept is gaining considerable attention in the climate change literature, 

yet the way in which the term is framed and conceptualized varies significantly across fields 

and disciplines, in both academia and practice. Understanding how resilience is diversely 

conceptualized is essential to pragmatically managing and making the most of this diversity. 

The roots and development of resilience as a theory, and therefore of the term itself, are 

contested (Bodin and Wiman, 2004; Moser, 2008). Some authors argue that resilience was 

first developed in mathematics and physics and emerged in ancient thinking (Bodin and 

Wiman, 2004; Van der Leeuw and Leygonie, 2000). Others suggest that resilience theory 

derives from psychology and psychiatry and that it can be traced to the work of Garmezy, 

Werner and Smith in the 1940s (Johnson and Wiechelt, 2004; Waller, 2001). Alternatively, 

resilience theory has been applied and developed within ecology, initially by Holling (1961), 

Lewontin (1969), May (1972), and Rosenzweig (1971).  

In mathematics and physics, resilience refers to the ability of a material to return to 

equilibrium without breaking or becoming deformed (i.e., the dynamic behavior of a system), 

and the speed with which this return occurs after a displacement (Bodin and Wiman, 2004; 

Gordon, 1978; Norris et al., 2008). In ecological literature, this type of resilience is described 

as ‘engineering resilience’ and  “focuses on behavior near stable equilibrium and the rate at 

which a system approaches steady state following a perturbation, i.e. the speed of return to 

equilibrium” (Folke, 2006:256).  

Within the disciplines of psychology and psychiatry, resilience was first applied to the study 

of individuals and later expanded to the study of human communities and large societies 

(Norris et al., 2008). This evolution has contributed to the application of resilience ideas to 

other disciplines and fields within the social sciences and has led, for example, to the 

conceptualization of what is now known as community and social resilience. Within the social 

sciences, resilience primarily refers to the capacity of individuals, communities and social 

groups to preserve function, respond, withstand and recover from a misfortune, trauma or 

stress (Adger, 2000; Norris et al., 2008; Pfefferbaum et al., 2005). Some authors 

complement this definition by stating that resilience includes adaptation (Egeland et al., 

1993; Masten et al., 1990) and the strengthening of community (Chenoweth and Stehlik, 

2001) and of social capital (Norris et al., 2008). 

Holling’s (1973) seminal paper “Resilience and stability of ecological systems” is often 

described as the starting point of ‘resilience thinking’. Holling describes ecological resilience 

as buffering capacity and as an ability to persist and absorb perturbation, as the magnitude 

of disturbance a system can absorb before changing its structure and variables, and as the 

recovery time needed to do so (Holling, 1973; Holling et al., 1995). The notion of resisting 

or withstanding shocks has evolved to incorporate a capacity for continuous development, 

adaptation, and transformation, and the degree to which systems have or can build capacity 

for self-organization, learning, changing, and renewal within a dynamic environment (Adger 

et al., 2005; Anderies et al., 2013; Gunderson and Folke, 2005; Liu  et al., 2007; Resilience 

Alliance, 2012).  
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The idea of ‘system’ (Holling, 1973; Holling et al., 1995) has been fundamental to this 

conceptualization and has since evolved to include complex adaptive systems and linked 

Social-Ecological Systems (SES), where social and ecological systems interplay over 

varying spatial and temporal scales (Adger et al., 2005; Gunderson and Folke, 2005). SES 

literature also describes resilience as “ the tendency of a SES subject to change to remain 

within a stability domain, continually changing and adapting yet remaining within critical 

thresholds” (Folke et al., 2010) and as “the ability of socio-ecological systems (SES) to 

absorb disturbance without flipping into another state or phase” (Cote and Nightingale, 

2012). Within these systems, central features of resilience include the diversity and 

redundancy of various components, as well as the individuality and uniqueness of these 

components (Folke et al., 2005). Uncertainty is considered inevitable within complex 

adaptive systems; there is, therefore, a need to learn to live with this uncertainty (Berkes, 

2007; Folke, 2006).   

Irrespective of the origins of resilience theory, the resilience approach has been applied 

broadly, influencing research across numerous disciplines, and has been included in various 

guiding documents, policies and programs from a local to international level  (Bahadur et 

al., 2010; DFID2009; Vogel et al., 2007; Walker and Salt, 2006). This wide-ranging and 

diverse use of resilience has led to the proliferation of multiple definitions of the concept, 

and it is acknowledged within resilience literature that this has the potential to create 

confusion within the academic community, amongst policy makers and practitioners, and 

between related fields (Brown and Westaway, 2011; Buckle, 2006; Cutter et al., 2008; 

Djalante and Thomalla, 2011; Gaillard, 2010; Godschalk, 2003; Klein et al., 2003a; Moser, 

2008). As in other fields, resilience ideas have been applied increasingly to climate change, 

both within academia and in practice, and an expanding application has led to an increased 

wealth and diversity, but also inevitably dispersion, of ideas (Aldunce et al., 2015; Bahadur 

et al., 2010; Brown, 2013; Norris et al., 2009).   

In the search for clarification, several studies have been conducted to analyze resilience 

definitions (Aldunce et al., 2015; Manyena, 2006; Norris et al., 2008) but few of these studies 

have focused on a specifically climate change context (Bahadur et al., 2010). These studies 

have been useful in clarifying the use of resilience; nevertheless, at time of publication, none 

of these studies compromise a systematic review of resilience conceptualizations within 

specifically climate change literature spanning such an extensive period of time (2000-

2012). This is important because an understanding of the convergences and divergences of 

diverse definitions of resilience can affect the way the term is framed and used by scientists 

and practitioners (Downes et al., 2013a).   

The recent proliferation of climate change resilience literature necessitates systematic 

methodology for its review, in order to structure and facilitate interpretation and application. 

The aim of this study is three-fold: to deconstruct resilience by systematically collecting, 

analyzing, and consolidating the broad range of existing resilience definitions and uses as 

applied specifically to climate change, and to propose a resilience conceptualization 

specifically applied to climate change as a starting point for resilience assessment and 

operationalization; to examine the context of theoretical assumptions in which resilience is 
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constructed; and to propose principles that can guide resilience building and assessment by 

means of the systematic identification of resilience determinants, the attributes of these 

determinants, and potential indicators for these attributes.   

2. Methods  
 

This study consisted of  systematic retrieval, review, selection and analysis of documents 

using carefully and explicitly established criteria (Berrang-Ford et al., 2011). This method 

allows for the summarization and evaluation of existing knowledge of a given topic (Berrang-

Ford et al., 2011; Ford et al., 2011). 

Documents included in this literature review were selected from results returned by a search 

of the SciVerse Scopus Database. Figure 1 illustrates the process of document selection 

and revision.  

 

Figure 1. Document selection process 
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2.1. Document selection 

 
2.1.1. Initial literature search procedure and parameters 

A document search was executed within the Scopus SciVerse Database (©2013 Elsevier 

Properties B.V.) for the search terms “resilien*” AND “climat* chang*”, within document title, 

abstract and/or keywords (“Article Title, Abstract, Keywords” search option in Scopus) 

(Table 1).  

Table 1. Search terms and possible (included) variations 

Search term: 
Included variations: 

Resilien* 
Resilience(s); Resilient; 
Resiliency/Resiliencies 

Climat* Chang* Climate Change(s); Climatic Change(s) 

 

The document search was limited to articles and reviews published from 2000 to 2012, 2000 

corresponding to the literature cutoff for the IPCC´s Climate Change 2001: Synthesis Report 

(Watson and Albritton, 2001), and 2012 representing the last complete year of literature 

available at time of analysis. Scopus was selected for its size, relatively balanced 

geographical distribution and social-to-biophysical science literature distribution, as well as 

for its indexing and search options (Jacso, 2005). Documents in English from all subject 

areas were included. All document titles, abstracts, keywords and bibliographic information 

were exported from Scopus to EndNote X6 (©1996-2012 Thomson Reuters).  

2.1.2.  Document review and exclusion criteria  

Article abstracts were reviewed and included or excluded based on two-part criteria. Initial 

exclusion was based on title and keyword content (Revision 1, Figure 1). Included 

documents contained both search terms “resilien*” and “climat* chang*” at least once, within 

either title or keywords. This exclusion aimed to select those documents with the most 

substantial focus on resilience and climate change (and those documents not providing 

keywords were automatically included for additional review). 

Document abstracts were subsequently reviewed for the appearance of search terms 

(Revision 2, Figure 1), and only those documents with both terms appearing in the abstract 

were included. Finally, the full text of each abstract was read and analyzed to determine 

whether or not resilience to climate change was integral to a given study. Documents were 

excluded, included, or labeled as ambiguous. Ambiguous documents were reviewed by and 

discussed with other team members in order to reach consensus on inclusion or exclusion; 

when necessary, full texts were examined to determine relevance. 

Full abstract and full text review was performed independently by researchers for a random 

sample of documents in order to compare results and verify the effectiveness and validity of 

these exclusions. 
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2.2. Analysis 

The full text and bibliographical information for all selected documents was imported into the 

software NVivo 10 (©QSR International 2012). Codes were created within the program in 

order to conduct a thematic analysis by identifying emerging patterns. Coding accuracy and 

consistency between (three) researchers was compared and confirmed. Analysis was 

divided in three main components as detailed below, in order to propose a conceptualization 

for resilience building and assessment, including a definition of resilience, theoretical 

assumptions, and key determinants.  

2.2.1.  PART I: Deconstruction of resilience definition and concepts 

In order to better analyze observed definitions of resilience as applied within various 

disciplines and to distinct contexts, we organized definitions into four main types of 

resilience: social, ecological, social-ecological and structural/physical resilience. Three of 

these divisions were derived from the origins of resilience theory (in physical, social, and 

ecological sciences); the fourth – social-ecological – was included as a reflection of 

observed and documented trends towards its inclusion in the literature.  

Content collected using NVivo and providing definitions for each type of resilience was 
analyzed. Analysis consisted of systematically identifying, grouping, and ranking (in order of 
frequency) the appearance of similar terms and applications in order to observe tendencies 
and themes for each type of resilience.  Results of this analysis allowed for the identification 
of basic structure, most frequent terms, and general tendencies observed across resilience 
conceptualizations. A critical analysis of these results supported the construction of a 
(proposed) definition for resilience (see Section 3.2).  
 

2.2.2.  PART II: Conceptual basis of resilience theory  

 
For a more complete understanding of resilience conceptualizations, it was 
necessary to identify the theoretical assumptions that constitute the conceptual basis 
for resilience as applied to the field of climate change. As in similar investigations 
(Downes et al., 2013a), a pilot study was performed for a sample of papers to identify 
recurring concepts (themes) representing the foundations or assumptions of 
resilience theory. Next, a quantitative analysis (text search and manual review) was 
conducted for all documents to calculate the (relative) recurrence of these concepts. 
Finally, a qualitative thematic analysis was conducted to examine, in detail, the 
meaning of each of these categories (see Section 3.3). 

 
2.2.3.  PART III: Determinants (characteristics) of resilience building  

To allow for a more comprehensive consideration of the proposed definition of resilience 

within the context of relevant conceptual bases and to support guidance for resilience 

assessment, key social and ecological ‘determinants’ (Adger et al., 2011; Ebi, 2011; Keim, 

2008) of resilience, the ‘attributes’ necessary for the construction of each determinant, and 

existing and potential ‘indicators’ for these attributes were identified (see Section 3.4).  
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3. Results  

3.1. Reporting on climate change resilience is increasing, predominantly of 

social and social-ecological resilience  

The overwhelming majority of papers were published in the most recent years included in 

this review. Figure 2 presents a summary of search results and document selection. The 

literature search returned a total of 1805 documents, 701 documents were included after 

conducting Revision 1, and 151 documents were included after Revision 2 (a complete list 

of the 151 papers selected for analysis is included in Annex 1).  

 

Figure 2. Summary of search results, document selection, and final inclusion 
 

3.2. Proposal of resilience conceptualization  

In this section, results of the review and analysis of resilience conceptualizations are 

provided. Specific references to the sources associated with results are not included here in 

an attempt to save space and improve readability. Annex 1 provides a complete list of 

reviewed papers.  

3.2.1.  Resilience defined as capacity  

Results presented in this section emerge from Part I of analysis. Figure 3 displays the 

distribution and overlap of explicit definitions of social, ecological and social-ecological 

resilience identified within reviewed literature; Annex 2 details the relationship between 

results of the definition deconstruction and specific source papers. As resilience types are 

not mutually exclusive, one paper may provide a definition for more than one type of 



 

9 
 

resilience. Structural/physical resilience definitions are not represented because only three 

were observed.   

 

Figure 3. Distribution of reviewed literature by resilience type 

Note: Not every reviewed document provided an explicit resilience definition, and some papers 

provided more than one definition. Percent values are calculated based on the total number of 

definitions; definitions of structural/physical resilience correspond to 2% of total definitions.  

 

Reviewed papers presenting explicit resilience definitions most frequently (41%) define 

social-ecological resilience; 31% describe social resilience, and 26% define ecological 

resilience. The greatest overlap of various resilience types within papers describing more 

than one type of resilience is observed between social-ecological resilience and social 

resilience. Ecological resilience presents lower overlap.  

Resilience conceptualizations within climate change literature demonstrate a strong 

tendency (observed in 94% of resilience definitions) to describe resilience as an ability or 

capacity, represented in Figure 4 as “A”. Definitions frequently describe these abilities or 

capacities (which are often represented by verbs in their infinitive form) as linked to two 

factors: resilience in the face of external forces or events, as represented in Figure 4 as 

“resilience to what” (“B”); and resilience “in order to” (“C”).  

Few sources waver from the structure of definitions presented above. These sources define 

resilience as the degree, amount, or magnitude of disturbance or alteration that a system or 

social entity can absorb, without losing structure, processes, and function, as the amount of 

change that can be tolerated before a critical threshold is reached and passed, or as the 

speed or rate of recovery. As mentioned in the previous paragraph, the majority of papers 

define resilience following the structure illustrated by Figure 4. 
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Figure 4. Deconstructing resilience definitions   

Resilience is frequently defined as an ability or capacity for “A”, to “B”, in order to “C”. 

 

Abilities and capacities described by resilience definitions were grouped by meaning in order 

to consolidate similar definitions of resilience and make possible the observation of overall 

tendencies. Table 2 indicates those terms considered to be similar, grouped by column 

heading.  “Others” refer to less frequently occurring yet nevertheless notable concepts 

observed within definitions of resilience.  

Table 2. Resilience as ability or capacity 

to absorb to adapt to maintain to recover 
to 

respond  
to resist 

to 
anticipate 

others 

to 
withstand 

to (be) changed/ 

accept change 
to retain to return to react to reflect 

to prepare to (self) (re) 
organize 

to tolerate 
to accommodate/ 

adjust to 
to sustain to ‘get back’ to engage  

to plan 
to learn 

to deal to move to continue to rebound 
to 

address 
 

 
to innovate 

to cope   
to re-

establish 
  

 
to seek/to find 

to face        

Note: Synonymous or similar verbs are grouped by column; “others” refers to less frequently 

appearing concepts 

Using Figure 4 as a template, we diagrammatically present tendencies and the components 

“A”, “B”, and “C” observed in reviewed resilience definitions (Figure 5). Analyzing resilience 

definitions by resilience type allowed for the observation of differences in the emphasis, 

interpretation and connotation given to key elements by each of these types. 
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Figure 5. A roadmap of resilience definitions by resilience type  

N total = 103. Sub-division (not mutually exclusive): Social 42, Ecological 35, Social-Ecological 56, Structural/Physical 3. 

Note: Main elements of observed definitions of resilience types and their interconnections are represented.  

Font size and arrow thickness indicate relative importance. 
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Most notably, definitions of social and social-ecological resilience emphasize absorbing and 

adapting, while those of ecological resilience focus on a capacity for recovery. Definitions of 

structural/physical resilience are few and it is therefore difficult to observe their tendencies 

with much certainty; nevertheless, it is in these definitions that (not surprisingly) the idea of 

maintaining or returning to a previous state remains dominant. These results demonstrate 

the diversity and variation of resilience definitions; even if certain terms are used to convey 

similar meanings, subtle differences between terms and the favoring of one term over 

another is worth noting as these differences might have impacts when applying resilience 

ideas to practice. 

3.2.1.1. Social resilience 

Ability or capacity “A” 

Social resilience is most frequently described as an ability to absorb, to adapt, to maintain 

and to recover. Social resilience is less frequently described as a capacity to respond and 

to resist. Definitions occasionally refer to a capacity to anticipate and to self- or re-organize. 

Resilience was also occasionally described not as an ability but rather as a process, for 

example, as a process leading to a desired outcome, related to adaptive capacity and 

function in the face of (and post-) disturbance, and to dealing with unexpected situations. 

Additional definitions refer to resilience as change at the margins; as openness and 

adaptability; as an ability to seek out or find, to improvise, to develop and as ‘bouncing 

forward’; as a function of awareness and management of vulnerability; and as an ability or 

willingness to learn and an interest in changing behavior.  

Resilience to what “B”   

Observed capacities and abilities are discussed in relation to external forces or events. Most 

often, social resilience is defined as capacity in the face of stress, stress from change, or 

stressors, and of disturbance, climate disturbance, or perturbation. Also common are 

definitions of social resilience in the face of change or changing conditions; of climate 

variability or shifting climate circumstances; of threats, hazards, or the effects of a hazard, 

and of emergency risks.  

Several papers also refer to social resilience in the face of shocks to infrastructure or to 

social infrastructure, or the impacts of these shocks. Sources also describe social resilience 

in the face of internal (not only external) crises and of adversity.   

In order to “C”  

Frequently, social resilience in the face of external forces is described as having the ultimate 

goal of preserving, reaching, or returning to basic structure, function, process, and identity, 

to healthy functioning, or of continuing as expected. Similar objectives include the 

maintenance of social coherence, of livelihood and well-being, of functions supporting this 

well-being, or of functions of ‘creation’ and ‘re-creation’. It is argued that resilience as 

recovery should be timely and efficient and should minimize damages, and that resilience 

promotes finding opportunities and ‘the silver lining’ of challenging situations.  
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3.2.1.2. Social-ecological resilience 

Ability or capacity “A” 

Definitions of social-ecological resilience most commonly describe ability (or related 

capacities) to absorb, to adapt, to maintain and to recover; an ability to respond is mentioned 

less frequently. Within this type of resilience, abilities to self- and/or re-organize and to learn 

are often described, with a focus on a continuous and incremental building of learning 

capacity. Some papers extend resilience conceptualization to an ability to innovate and 

create and as a capacity to anticipate or to reduce vulnerability. 

Resilience to what “B”  

Most often (as for social resilience), social-ecological resilience is described in the face of 

disturbance or perturbation; of change and specifically to external changes; or of stress or 

shocks. Social-ecological resilience less frequently confronts impacts, hazards, threats, or 

their effects, shifting conditions or circumstances, disasters or events, unexpected crises, 

and adversity.  

 In order to “C”  

Social-ecological resilience aims to preserve or restore (actual or potential) function, and to 

safeguard structure or form. Emphasis is given to the idea of stability or acceptable levels 

of function, of returning to a previous and/or stable state and the avoidance of a shift to an 

undesirable one or the loss of key system properties. More specifically, social-ecological 

resilience aims to preserve patterns of behavior, feedbacks, identity and integrity. The idea 

of alternative states and a shift toward an improved state is mentioned.  

Social-ecological resilience not surprisingly considers the importance of ecological services, 

and therefore aims to preserve an adequate supply of goods and services and provide for 

well-being, allowing a system to remain productive and profitable within the means of 

available resources.   

3.2.1.3. Ecological resilience 

Ability or capacity “A” 

Diverging slightly from the tendencies observed for social and social-ecological resilience, 

ecological resilience is primarily defined as an ability (or related capacities) to recover, to 

absorb, and to adapt. Abilities to maintain, to resist, to survive and to re-organize are 

mentioned less frequently. One source describes evolutionary resilience as an ability to 

persist or undergo adaptation, and approximates resilience to response, resistance and 

transition.  

Resilience to what “B”  

Ecological resilience is described (as are social and social-ecological resilience) in the face 

of disturbance or perturbation; of change, change in variables and parameters, lasting 
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change caused by disturbance, or changing environmental conditions; or in the face of 

impacts, shocks, stresses, stressful events, or pressures. 

In order to “C” 

Ecological resilience aims to preserve previous state, structure, functions or processes, 

feedbacks, or desired conditions or characteristics; in order to persist and to return to normal 

growth rates. In the case of marine systems, resilience pursues the preservation of diversity.  

3.2.1.4. Physical/structural resilience 

Ability or capacity “A” 

Mentions of physical or structural resilience were few and differ from the other three types 

of resilience analyzed; resilience is described primarily as an ability to maintain, as a 

capacity to recover, and as an ability to absorb or return.   

Resilience to what “B” and in order to “C”  

Abilities related to structural or physical resilience are described in the face of disturbance, 

disruption, and change, with the purpose of preserving function as expected, previous, 

stable state, and an acceptable level of service availability.  

3.3. Conceptual bases of resilience theory when applied to climate change 

(primary supporting theoretical assumptions)  

Section 3.2 presented an analysis exploring the core elements within resilience definitions 

in climate change literature. In order to support the ‘reconstruction’ of our resilience definition 

and provide guidance for its operationalization in practice (attempted in Section 4), further 

clarification of the key supporting theoretical assumptions of resilience theory when applied 

to climate change literature was required (Part II). Table 3 presents the results of Part II to 

identify the conceptual bases of resilience theory. 
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 Table 3. Conceptual bases of resilience theory: Theoretical assumptions 

Theoretical assumption 
Frequency of 

appearance (%) 
 Detail+ Description 

    

Change 100% External (100%) 
Refers to an alteration of external 

conditions or circumstances (often, 
climate change) 

Systems 83% 

Social* (49%), ecological* 
(56%), and/or social-

ecological* (36%) - at least 
one of these: 100% 

Social systems (e.g. communities), 
ecological systems (ecosystems), or 

systems comprising social and 
ecological components and their 
interactions (social-ecological)  

Dynamic (43%), complex 
(65%), complex adaptive 
systems (12%) - at least 

one of these: 76% 

Describes system characteristics 
and capabilities 

Integrated (10%), coupled 
(13%), connected* (36%), 
linked (16%) - at least one 

of these: 57% 

Refers to a consideration of the 
connections and interactions within 

and between systems 

Scale 74% 

Spatial* (61%) 
Involves a recognition and 

consideration of varying spatial 
scales 

Temporal* (47%) 
Refers to a recognition and 

consideration of varying temporal 
scales 

Multi*- (49%) 
Implies a recognition and 

consideration of numerous scales 

Cross*- (21%) 
Denotes inter-scale interactions, 

between and across varying scales 

Uncertainty 62% External (100%) 

Refers to a lack of awareness of 
exact impacts and/or outcomes, or of 
future conditions; external refers to 

context or setting 

System elements or components 
A clear majority of papers refer to the multiple elements or components relevant to 

resilience and/or resilient systems  

Note: All searches were guided using the text search option within NVivo 10.  
+ Documents may be classified within more than one sub-concept; these groupings are not mutually 

exclusive. 

* Indicates that alternative phrasing was included within count.  

 

Not surprisingly, all reviewed documents discuss resilience in the face of external change 

(climate or otherwise). A majority of papers (over 80%) explicitly describe social, ecological, 

and/or social-ecological systems. Over three quarters of these systems are described as 

dynamic, complex, and/or complex adaptive, and over half as integrated, coupled, 

connected and/or linked. A consideration of scale is also fundamental to resilience theory; 

almost three quarters of reviewed papers refer explicitly to the importance of scales and 

their consideration within resilience evaluation and application; about half of the time these 

scales are described as spatial and/or temporal. Approximately 60% of papers refer to an 

intrinsic uncertainty of (future) context or setting and the relevance of an awareness and 

consideration of this uncertainty to resilience building. A clear majority of papers describe 

systems as composed of distinct elements or components. However, owing to the wide 

variety of terms and divisions used to describe this concept (e.g., systems are composed of 

multiple elements), it was not possible to calculate a comparable frequency of occurrence 

within sampled literature.  
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An understanding of these conceptual bases and their prevalence within reviewed literature 

is critical for effective resilience assessment and building.  

3.4. Key determinants (characteristics) of resilience building 

Part III of analysis, a review of multi- and cross-disciplinary conceptualizations of resilience, 

leads to a logical division of the various determinants (components) of resilience into social 

and ecological subsystems. This division is neither clean nor perfect, but is necessary to 

methodological considerations for the analysis of these components, their characteristics 

and their complex interactions.  

As argued by Walker et al. (2006), although it is possible to identify social and ecological 

components, the process of breaking down a system into parts for the purpose of analysis 

is not simple or easy. This is owed in part to the fact that, as described by Berkes and Folke 

(2000), the social and ecological components of a given system should not be considered 

as ´given´ or static; rather, these components are dynamic as well as deeply and complexly 

interconnected. Walker et al. (Walker et al., 2006) propose that these “ecological and social 

domains of social-ecological systems can be addressed in a common conceptual, 

theoretical, and modelling framework”.  

To most effectively present and analyze the results of this review while responding to the 

need for a more comprehensive integration of the social and ecological components than 

that observed in most of the literature reviewed by this study, which continues to divide these 

components, we propose an understanding of resilience within social ecological systems 

and their components as presented by Figure 6.  

 

Figure 6: Methodological approximation of social and ecological component division (a: 

Interconnected, overlapping components of a social-ecological system; b: approximate, imperfect 

identification of these components as social or ecological for the purpose of analysis; c: understanding 

resilience of systems with overlapping and intrinsically connected social and ecological components.)  
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Literature was reviewed for those characteristics repeatedly described as essential to 

resilience building, or determinants of resilience (Adger et al., 2011; Ebi, 2011; Keim, 2008). 

Various attributes for each resilience determinant as well as existing and potential indicators 

were also identified. A detail of observed determinants, attributes, and attribute definitions 

is provided in Table 4.  

Table 4. Key determinants for resilience building 

DETERMINANTS OF SOCIAL RESILIENCE 

DETERMINANT ATTRIBUTE DEFINITION 
RELATION TO 
LITERATURE* 

Self-organization  

Potential for self- 
and/or re-organization 

Ability of local actors, communities or social systems to proactively, 
dynamically and flexibly organize (re-configure) themselves and 
modify actions following a disturbance. 

P7/P100/P101/
P126/P133 

Space for improvisation 
and innovation 

Individual or collective ability to improvise and modify current 
and/or to implement new ideas, approaches or programs; this 
requires flexibility and local creativity, the discussion of alternative 
values and methods, and/or reframing for problem solving.  

P44/P98/P117/
P126/P130/ 
P153 

Resourcefulness 
Ability to involve community and mobilize available internal 
resources to achieve goals (to repair, reorganize, or respond to 
challenges).  

P81/P131 

Social capital 

Leadership 

The presence of community leaders and collective leadership; this 
requires the support of local authorities and permits an increase of 
accountability and the potential to influence decisions being made 
at the local scale. 

 
P16/P19/P102/
P126 

Social networks 

Presence, expansion and diversity of individuals and groups and 
their networks and connectivity by promoting collaboration in order 
to achieve, for example, social support, relationships, knowledge 
and information sharing, co-learning, and the exchange of good 
practice. 

P16/P85/P116/
P121/P131 

Citizen participation  
 

The level of involvement in activities and participation in collective 
action by community members; reflects a need for community 
action, to improve and broaden citizen engagement, and for 
increased involvement and public awareness.   

P85/P102/P12
1/P126/P133 

Education/information 

Opportune, equitable and universal access to information and 
education about, for example, awareness programs and warning 
systems related to risks, threats, and opportunities; broadly 
educated societies appear to be more resilient.  

P2/P126/P139/
P161 

Place 
attachment/Sense of 
community 

Place attachment, residents who remain in an area for a length of 
time and territorial identity are enhanced by and support a sense of 
community, trust, interaction, cohesion, and community members 
who work together for common goals. 

P34/P44/P131 

Learning  
 
 

Experiential learning  

The ability to learn from and internalize past experiences and 
failures as primary sources (e.g., disasters) and to modify oneself 
in the face of changes in order to avoid the repetition of past 
mistakes and exercise caution in future decisions; ‘‘learning-by-
doing’’. Experiential learning is often used to describe individual 
leaning. 

P2/P81/P95/ 
P108/P136 
 

Social-collective 
memory/social learning 

Social memory represents accumulated knowledge within a social 
group, stored or latent potentials for renewal and reorganization, 
and/or “experiential grounding”. Social learning is the collective 
action and reflection that occurs among individuals and groups as 
they work to improve a situation, and the ability to learn 
collaboratively by sharing knowledge, practices and past 
experiences. 

P79/P85/P86/ 
P95/P45/P90  
 

Information  
Information and 
technology 

Access to and coherence, clarity and symmetry of information. 
Availability and flexibility of technology required to translate 
desirable interventions into practical applications and manage for 
the future.  

P26/P85/P101/
P102/P129/ 
P162 

Planning and 
response  

Preparedness 
Ability to anticipate and prepare and plan for change and 
uncertainty by shaping responses, strategic planning initiatives and 
warning systems, and mitigation and prevention actions.  

P25/P44/P53/P
79/P81/P90/ 
P94/P131 

Governance and 
co-management  

Diversity 

Variety and extension of actors available (multi-actor, multi-sector, 
multi-level) to accommodate complexities and uncertainties; 
multiplicity of available options, capabilities, and response 
approaches; potential for livelihood diversification.  

P21/P50/P62/P
74/P77/P84/P9
5/P105/P135/ 
P163  

Organizational 
linkages, collaboration 
and cooperation  

Partnership initiatives and collaborative approaches ensuring multi-
level, multi-sector and cross-scale networks between actors and 
agencies that bring these together in a mutually beneficial 
relationship. 

P33/P44/P50/P
53/P95/P105/P
116/P126 
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Availability of 
institutions and 
mandates 

Development and availability of a range of national and local 
institutions (e.g., research, policy, technical) allowing for the 
development of responsive and flexible adaptation practices for a 
specific context. 

P95/P133 

Decentralization 

Distribution of governance to facilitate an exchange of knowledge 
and sharing of resources and promote local responsibility for self-
management and more balanced decision-making amongst actors 
and across scales. 

P101/P102 

Redundancy 

A degree of overlapping function and alternative strategies or 
means of providing warning, coordinating, or achieving a goal; 
insurance to cope with sudden and uncertain change, disruption or 
degradation. 

P2/P74/P81/ 
P95/P130/ 
P136 

Adaptive management 

Flexibility to modify management structure and strategy on the 
basis of new information and ongoing evaluation; managing for 
change, pressures, and shifting interactions between society and 
ecosystems by supporting an ability to change and adopt 
alternative strategies (short- or long- term).  

P16/P45/P57/ 
P99/P136 

Accountability 
Actors who assume responsibility for their public pledges and 
actions; this requires consciousness and transparency to make the 
most of existing powers and responsibilities. 

P19/P41/P111/
P126 

Resources 

Availability 
Accessibility of and ability to mobilize economic and human 
resources, and the distribution of these resources.  

P71/P95 

Diversification 
Diversity of resources and of the means of their delivery to 
safeguard against a failure in their supply; economic and income 
diversification to reduce vulnerability. 

P2/P71 

Adaptability 

Adaptive capacity 

The ability to shape change in response to disturbance; necessary, 
networked pre-conditions for adapting to change and new 
conditions in a timely manner in order to implement effective 
adaptive measures. 

P16/P33/P41/ 
P62/P77/P95/ 
P104/P100/ 
P130 

Adaptation 
Implementation of actions, strategies and planning to 
accommodate the positive and reduce the negative effects of 
change.  

P2/P86/P95/ 
P118 

DETERMINANTS OF ECOLOGICAL RESILIENCE 

DETERMINANT ATTRIBUTE DEFINITION 
RELATION TO 
LITERATURE* 

Variety 

Diversity 
Genetic diversity and diversity of species and functions to 
safeguard ecosystem processes, fortify response capacity, and 
support the potential for reorganization and renewal.  

P4/P6/P9/P10/ 
P49/P53/P65/ 
P112/P124/P157 

Redundancy 

Species redundancy and degree of overlapping function or 
alternative means of achieving a goal; redundancy to provide 
insurance to cope with sudden change, disruption or degradation 
and maintain ecological processes. 

P2/P6/P29/P49/ 
P74/P80/P156/ 
P157 

Feedback 
Feedback/ connectivity/ 
interactions 

Effective multi-directional interactions, flow, connectivity, and 
feedbacks between system components to maintain system 
function and structure and enable adaptation. 

P2/P4/P9/P43/ 
P49/P65/P72/ 
P74/P80 

Self-organization 
Self- and/or re-
organization 

Flexibility for self- and/or re-organization or renewal under 
changing conditions to preserve actual and potential functions.  

P2/P10/P33/ 
P111 

Adaptive capacity 

Adaptation (action)  
Ongoing modification of ecological systems and their processes 
and patterns in response to change in order to maintain function 
and persist. 

P2/P43/P103 

Evolutionary potential 

Potential of populations to evolve in response to stressors and 
change expressed as a dynamic process involving population 
dynamics and evolutionary forces such as genetic drift, mutation 
and migration. 

P124 

Resources 

Diversification 
A diversity of resources and the means of their delivery; these 
can help mitigate external shocks and stress. 

P2 

Abundance  
Resource availability (reservoirs) and rate of resource movement 
and replacement in order to maintain ecosystem functions and 
components. 

P2/P29 

Robustness Robustness 
Resistance to and potential for restoration following impacts and 
stress.  

P80/P130/P146 

Buffering Buffering capacity 
Capacity and flexibility (malleability) to absorb disruption and 
buffer ecosystem processes, function and structure in the face of 
changing conditions. 

P6/P27/P29/P31/
P104 

*Relationship to the literature: numbers correspond to the source(s) of the material included in the table. Annex 

1 presents a list of all reviewed documents and their corresponding numbers. 

4. Discussion - Guidance for resilience building and assessment   

The theoretical evolution of resilience is well understood. On the one hand, the proliferation 

of the application of resilience within multiple disciplines has lent richness and diversity to 

the understanding of its conceptualization. On the other hand, ambiguity in the definitions, 

conceptualizations, building and assessment of resilience emerges and has the potential to 
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confuse researchers and practitioners. In doing so, this ambiguity distracts from effectively 

dealing with this diversity, and therefore has the potential to compromise the effectiveness 

of political and institutional initiatives responding to a changing climate (Djalante and 

Thomalla, 2011; Downes et al., 2013b; Manyena, 2006).  

The relevance of our systematic review and critical analysis of existing knowledge is 

exemplified in its attempt to deal with diversity and complexity, not by reducing but rather by 

structuring and cataloging diverse understandings of resilience, and exploring how these 

understandings may be operationalized within real world applications. Firstly, we structure 

and present the theoretical assumptions that must be considered for resilience building and 

assessment. Secondly, we propose a definition of resilience as a guide for application 

specifically within the climate change field. Thirdly, we identify key determinants of resilience 

and their attributes and potential indicators for resilience building and assessment. Finally, 

we critically analyze resilience as a concept and its relationship to other concepts. 

This investigation aims to support the work of investigators, practitioners and policy makers, 

with the hopes of directing future research and advancing the incorporation of resilience as 

a theory within practical applications. 

4.1. Key theoretical assumptions to be considered for building resilience to 

climate change  

Our conceptual framework of resilience rests upon a base of theoretical assumptions, a 

consideration of which is imperative to the effective observation, evaluation and construction 

of resilience within social-ecological systems and applied to climate change.   

A resilience framework must consider that systems are constituted by social and ecological 

components, and that these components are deeply and complexly connected to one 

another. In addition, a resilience framework should be applied within a necessarily delimited 

system, one which is arbitrarily defined by the investigator or practitioner for methodological 

or practical purposes. Nevertheless, it is important to bear in mind that an absolute 

delimitation for a given social-ecological system does not exist in the real world; systems 

are not isolated but rather embedded within a network of other, interconnected and related 

systems (Adger et al., 2005; Berkes, 2007). Any proposed delimitation for investigation, the 

implementation of public policy, or for other purposes, necessarily possesses a level of 

subjectivity, and these limitations should be considered, especially as they relate to results 

and their analysis. In the same way, any investigation or implementation of a resilience 

framework should also incorporate multi- and cross- (spatial as well as temporal) scale 

analysis (Alliance, 2010). Spatial scale is important because actions are dependent upon 

and influence other actions on different spatial levels; for example, legislation generated on 

a national level has impacts on a local level. Temporal scale must also be considered; a 

given system is the result of past actions (for example, natural disaster planning) and of 

future actions (for example, climate change modeling and projections of the magnitude and 

frequency of threats) (Aldunce et al., 2015; Downes et al., 2013a).  
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It is clear that the resilience of social-ecological systems faced with external disturbance (in 

this case resulting from climate change) exists within an intrinsic uncertainty of (future) 

context or setting.  Despite a multitude of existing studies conducted in the climate change 

field, there exists no absolute certainty regarding the magnitude or intensity of future 

changes, only a certainty that they will exist (O'Brien et al., 2010). The recognition and 

consideration of climate change uncertainty is fundamental to resilience building. For this 

reason, we dedicate several paragraphs to addressing this uncertainty.  

It is important to prepare for an uncertain context, considering not only the range of potential 

change and its impacts, but recognizing that uncertainty exists within social-ecological 

systems; for example, the very goals and values of a given society or context may vary 

(Roman et al., 2010). Systems are complex and display potentially unknown and emerging 

interactions and properties (i.e., complex adaptive systems) and as a result present 

responses with a degree of uncertainty; projected changes may or may not occur, and other, 

unexpected changes may present themselves (Berkes, 2007).  

Uncertainty is therefore an inherent characteristic of systems within the context of climate 

change, and systems must learn and develop capacities in order to live with this change 

(Folke, 2006; Miller et al., 2010). As a result, this uncertainty represents an essential 

consideration within the public sector; national adaptation policies must base their actions 

on possible climate scenarios. Resilience supports the exploration of policy options within 

this uncertain context (Tompkins and Adger, 2004); there is a need to work towards both a 

decrease of uncertainty through improved predictions and to promote preparation for those 

changes that cannot be predicted (Berkes, 2007). This uncertain context can also result in 

a paradigm shift, towards an emphasis on (adaptive) capacity building within changing 

circumstances.  

The principal challenges presented by the resilience perspective, both for decision makers 

and practitioners applying resilience to research or policy making, include a need to deal 

with uncertainty, defining the system under study, and working on and between different 

scales and with diverse actors. A diversity of ideas and perspectives can be useful for 

overcoming these challenges (Aldunce et al., 2015; Barnett, 2001).   

4.2. Proposed definition of resilience  

Recognizing the diversity of existing resilience definitions resulting from multiple 

epistemological roots and the diversity of contexts giving origin to these definitions, we 

performed a critical analysis of observed tendencies in order to propose a definition of 

resilience.   

We acknowledge the limitations of the proposal of any one definition of resilience, and our 

proposed definition of resilience by no means represents the only possible definition for the 

term, nor do we believe that an extreme simplification of the concept is possible. 

Nevertheless, we believe that a base definition of resilience is useful for the potential 

application (or operationalization) of resilience theory in practice.  
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Based on our review of the structure and content of existing resilience definitions (Part I) 

and theoretical assumptions (Part II), and a critical analysis of observed overall tendencies, 

especially within literature from most recent years, we propose the following definition of 

resilience in the context of climate change:  

Resilience is the ability of a social-ecological system to plan (anticipate), to respond 
(absorb) and to adapt to climate variability, change, and hazards, and to explore 
opportunities in order to continue functioning as a system.  

 

Each part of this definition emerged from a critical analysis of the results of Part I.  

Resilience is the ability of … 

A majority of definitions describe ability or capacity. Here we have selected ability and 

understand it as the possession of means, skills, or capacity to do something; this implies 

potential as well as actual capacity.  

… a social-ecological system … 

The presentation of these systems as coupled (“-f” ) recognizes their nature as intimately 

and intrinsically linked. A separation of social and ecological systems and their components 

may be necessary for analysis and methodological purposes; nevertheless, they must 

always be understood as interconnected. The focus of a given analysis will determine the 

relative importance of each (social or ecological) element and their interconnections.  

… to plan (anticipate), to respond (absorb) and to adapt to …  

An ability to plan is especially relevant within the context of climate change and must address 

both short-term impacts (such as extreme events) and longer-term effects (such as climate 

variability). A tendency to include this ability was observed in the most recent resilience 

conceptualizations.  

An ability to respond corresponds to the category 2 (see Table 2) “to absorb”, and represents 

the most frequently occurring capacity described by resilience definitions. “Responding” 

implies absorption while suggesting an additional capacity for reaction and recovery.  

An ability to adapt reappeared frequently within resilience definitions. Adapting 
implies action beyond a simple or automatic response; it involves a search for 
opportunities for system improvement.  

… climate variability, change, and hazards, and to explore opportunities…  

Climate change implies a combination and interaction of natural and anthropogenic factors. 

Change and hazards were described relatively frequently within observed definitions of 

resilience.  

With the terms “climate variability, change and hazards” we respond to the need for a 

definition of resilience explicitly within the context of climate change. Although variability 
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appeared relatively infrequently within observed definitions, we believe it is important to a 

comprehensive inclusion of the potential impacts of climate change, which not only derive 

from long-term change but also from the effects of climate variability. In addition, referring 

to change and variability, and not solely to climate stressors, serves to maintain the 

possibility of a positive interpretation of these factors, and the potential to explore and take 

advantage of positive opportunities that may be generated by this change.   

… in order to continue functioning as a system. 

With this part of the definition, we maintain the possibility of system change and 

improvement, not necessarily requiring a return to previous conditions but rather focusing 

on the preservation of the most fundamental properties (Aldunce et al., 2014).  

Table 5 presents definitions of various international and research bodies (IPCC, Stockholm 

Resilience Centre, Resilience Alliance).   

Table 5. Existing resilience definitions  

Source Definition 

IPCC 2007 
 

The ability of a social or ecological system to absorb disturbances while retaining the same 
basic structure and ways of functioning, the capacity for self-organization, and the capacity 
to adapt to stress and change (IPCC, 2007). 

Stockholm 
Resilience Centre 
2007 

Resilience is the capacity of a system to continually change and adapt yet remain within 
critical thresholds. 

Resilience 
Alliance, 2002 

Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance without 
collapsing into a qualitatively different state that is controlled by a different set of 
processes. A resilient ecosystem can withstand shocks and rebuild itself when necessary. 
Resilience in social systems has the added capacity of humans to anticipate and plan for 
the future. Humans are part of the natural world. We depend on ecological systems for our 
survival and we continuously impact the ecosystems in which we live from the local to 
global scale. Resilience is a property of these linked social-ecological systems (SES). 
"Resilience" as applied to ecosystems, or to integrated systems of people and the natural 
environment, has three defining characteristics: 

• The amount of change the system can undergo and still retain the same controls 
on function and structure 

• The degree to which the system is capable of self-organization 
The ability to build and increase the capacity for learning and adaptation. 

 

In order to assist the operationalization of resilience, our definition attempts to include those 

components essential to resilience within a specifically climate change context, and to 

present these components within a straight-forward and logical structure, in order to obtain 

maximum clarity of interpretation and facilitate application.   
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4.3. The Resilience Wheel: A guide for resilience assessment and practical 

application 

The “Resilience Wheel” is a diagrammatical representation that facilitates the visualization 

of the determinants and attributes necessary to resilience building identified in Section 3.4, 

and serves as a guide for policy makers and investigators, supporting the evaluation of 

distinct social and/or ecological contexts and scales. We developed this representation 

based on the “Adaptive Capacity Wheel” presented by Gupta et al. (2010). When applying 

the Resilience Wheel, it is important to consider that an incorporation of every attribute may 

not always be necessary; each application of the Wheel will require its accommodation and 

a prioritization of those attributes most relevant to a given context, and the selection of 

determinants will depend upon the discipline and focus of a study. Figures 7a and 7b present 

the resilience determinants (inner ring), attributes (outer ring), and some examples of 

indicators in the form of Social and Ecological Resilience Wheels (all based on Section 3.4). 

Given that resilience is context-dependent and is subject to influence by the territory and 

scale of analysis (Aldunce et al., 2014), we developed a simple and generalized definition 

of the concept, understanding that the determinants and attributes of resilience represent 

the real richness, content, and characterization of resilience within each context of analysis, 

and the key to applying our proposed conceptualization within distinct realities.  

The selection of determinants for any given context will depend upon the focus of 

investigation or application and on the scale of analysis. Despite the fact that the inclusion 

of numerous determinants better reflects the various characteristics of a system, as 

McClanahan et al. (2012) indicate, “while intuitively appealing, including large numbers of 

factors in a resilience assessment may be both impractical and ineffective”. Nevertheless, 

the selection of resilience determinants should be well supported and justified, as the over-

simplification of inherently complex systems may lead to erroneous conclusions. 

As described in Section 3.4, a review of multi- and cross-disciplinary conceptualizations of 

resilience leads to the logical division of the various determinants of resilience grouped 

primarily into social and ecological subsystems. We recognize, however, that this division 

does not reflect reality, and that therefore, the effective application of the Resilience Wheel 

will require a consideration, inclusion, and integration of determinants from both the Social 

and Ecological Wheels.  
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Figure 6(a). Social Resilience Wheel 
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Figure 6(b). Ecological Resilience Wheel
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4.4. Resilience as related to other central climate change concepts   

Resilience theory as a perspective represents a holistic and integral interpretation of social-
ecological systems, allows for a consideration of potentially positive impacts and 
opportunities derived from external climate factors, and recognizes the importance of not 
only adaptation but additionally flexibility as a central system characteristic - i.e., the ability 
to change, evolve and adopt alternative strategies (either in the short or long term) in 
response to changing conditions (da Silva et al., 2012). Resilience also notably assigns 
explicit relevance to several key system characteristics: self-organization, learning, and 
uncertainty. Resilience represents a valuable complement to related climate change 
concepts, and even presents some advantages over these concepts. Resilience additionally 
encompasses related concepts such as adaptation, adaptive capacity, transformation, and 
vulnerability, and presents both a valuable complement to as well as some comparative 
advantages over these existing concepts within the climate change context. Therefore, 
advancing the practical utility of resilience within the current context of change and 
uncertainty is both desirable and necessary. 
 
In this section we relate and contrast resilience with other important concepts in the climate 
change context: vulnerability, adaptation and adaptive capacity, and transformation.    
 

Vulnerability   

Although vulnerability is sometimes considered the ‘flip side’ or opposite of resilience (many 

sources indicate that a reduction of vulnerability implies an increase of resilience (Bravo, 

2009; Olwig, 2012; Walker et al., 2011)), the relationship between vulnerability and 

resilience is not necessarily one of a simple inverse nature (Frommer, 2011; Klein et al., 

2003b; Marshall, 2010), and in fact vulnerability can be considered complimentary to 

resilience. Therefore, vulnerability assessment retains relevance within climate change 

resilience research.   

The enhancement of resilience and capacity-building are often considered prerequisites for 

the management of climate change risks and for the reduction of vulnerability to these risks 

(O'Brien et al., 2006; Robledo et al., 2004). Additionally, resilience deals with systems, while 

vulnerability tends to focus on more specific entities (social groups, crops, species, etc.) – a 

systemic as opposed to actor-oriented approach (Miller et al., 2010). As a result, resilience 

represents a more holistic approach and presents a (potentially) more positive interpretation 

of climate change impacts, allowing for a focus on opportunity (Miller et al., 2010).  

Adaptation and adaptive capacity  

Adaptation is understood as the action or process of change and is associated with 
adaptive capacity, which is understood as the potential to adapt and to mobilize 
elements, as a set of preconditions enabling individuals or groups to respond to 
climate change, or as the measure of the culture and dynamics of human groups 
allowing them to make decisions in a timely and appropriate manner (Adger et al., 
2011; Beermann, 2011; O'Brien et al., 2006). Adaptation and adaptive capacity are 
considered important determinants of resilience (Klein et al., 2003b; Myers et al., 
2012; Tompkins and Adger, 2004). A resilience framework lends a more holistic 
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vision to the evaluation of adaptive capacity and allows for a more complete analysis 
of adaptation as a process (Nelson et al., 2007). 

Transformation 

Although transformation and transformability have been discussed by some authors of SES 

literature for years, only recently have these concepts seen widespread incorporation into 

this literature and as fundamentally related to resilience (Walker et al., 2005; Folke et al., 

2010). This resonates with the results of our systematic review, which do not show an overall 

(relative) tendency for the inclusion of transformation as a capacity fundamental to 

resilience. Nevertheless, in literature published after the period reviewed by this study (post-

2012), as well as within recent international academic discussions (for example, Human 

Security Conference, Oslo, 2012; Resilience 2014 Conference, Montpellier), transformation 

has increasingly been included within resilience conceptualizations.  

Resilience and transformation are related and both involve the process of adaptation, but 

the result of this adaptation is not the same. When a system transforms, it adapts by 

changing its basic structure and function (Walker et al., 2006). On the other hand, a resilient 

system adapts but conserves its basic structure and function, and, therefore, identity.  

In early discussions, resilience conceptualizations tended to focus on persisting and 

maintaining structure, function, and identity; generally, this meant that the basic structure of 

a system should not change. This understanding has evolved into a more flexible definition 

of resilience which incorporates transformation; a system may undergo change when it 

presents a poor underlying condition or is trapped in an undesirable state – undesirable 

structure and function (Walker et al., 2006). In this way, transformability and adaptability 

have come to be recognized as concepts distinguishing between different types of resilience 

(Folke et al., 2010). Olsson et al. (2014) clearly illustrate this distinction: “Transformability 

refers to the social-ecological capacities that enable shifts from one regime to another, and 

adaptability refers to the capacities to deal with change and stay within a regime”. The 

identification of more or less desired states often represents a value judgment and inevitably 

introduces subjectivity; generally this is a decision made by and between those who interact 

with a given system (investigators, policy makers, or decision-makers) and internal actors.  

 
5. Conclusions  

This work illustrates the extent of use of the resilience term within the climate change field 

in recent years. It is important to recognize the value of the diversity and variety of existing 

resilience conceptualizations; nevertheless, this diversity also has the potential to create 

confusion, especially in attempts at practical application by stakeholders, decision makers 

and other social actors. This confusion can distract researchers or policy makers when the 

term appears too ambiguous for application. One of the fundamental contributions of this 

paper represents an attempt to structure and catalogue diverse understandings of resilience, 

by highlighting and illustrating this diversity and focusing on managing diversity and 

complexity.  
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The systematic review helped us identify a basis of divergences amongst existing resilience 

conceptualizations and clarify tendencies. We propose a concrete approach for structuring 

resilience conceptualization and the identification of conceptual basis, determinants, and 

attributes of resilience.  

With our systematic review we were able to unite a large amount of disperse information 

from various disciplines to present it in a way that is easier to understand and more easily 

applied: the Resilience Wheel. The inclusion of determinants, attributes, and supporting 

theoretical assumptions for resilience building within our resilience framework lends these 

concepts the importance they deserve. The Resilience Wheel provides flexibility for 

contextualization within distinct realities via the selection of determinants and attributes for 

a given application and allows for the explicit incorporation of the advances of resilience 

theory – emerging from multiple disciplinary perspectives – to applications within different 

cases.  

Resilience theory represents one option for confronting climate change, providing a holistic, 

locally-focused approach, which incorporates social and ecological components as well as 

temporal and spatial considerations, and, most importantly, providing concrete tools for 

confronting the uncertainty surrounding climate change (for example, via the incorporation 

of multiple actors and the focus on local and existing capacities, both social and ecological). 

This uncertainty represents one of the greatest challenges posed by climate change. 

Incorporating diverse perspectives to address resilience represents one of the greatest 

challenges for policy makers and decision makers, but is nevertheless fundamental for 

advancing along this path. Additional challenges in the implementation of the resilience 

approach involve the need for the devolution of power to communities and other social actors 

beyond government agencies in order to enable self-organization, a diversity of actors, and 

citizen participation. In the same way, in the pursuit of attributes such as redundancy, 

planning and response, the challenge arises of improving public management and moving 

away from the status quo to achieve effective response to a changing climate.  

Resilience as a concept has received much criticism related to the ambiguity of its definitions 

and conceptualizations (Frommer, 2011; Sovacool et al., 2012; Walker et al., 2002); it is not 

easily operational or applicable for policy and management in the context of climate change 

(Amundsen, 2012; Boyd et al., 2008; Maynard et al., 2010). Directing future investigative 

and political initiatives requires a clear understanding of the current knowledge surrounding 

a topic. The Resilience Wheel addresses this need to advance the operationalization of 

resilience, and represents one approach for implementing resilience assessment or 

resilience building, which should necessarily be undertaken by multiple actors in order to 

advance beyond a purely theoretical interpretation.  
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