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Abstract

:

Resilience is being widely adopted as a comprehensive analytical framework for understanding sustainability dynamics, despite the conceptual challenges in developing proxies and indicators for researchers and policy makers. In our study, we observed how the concept of resilience undergoes continued extension within the rural resilience literature. We comprehensively reviewed rural resilience literature using keyword co-occurrence network (KCN) analysis and a systematic review of shortlisted papers. We conducted the KCN analysis for 1186 papers to characterize the state of the rural resilience literature, and systematically reviewed 36 shortlisted papers to further examine how rural resilience analysis and its assessment tools are helping understand the complexity and interdependence of rural social-ecological systems, over three three-year periods from 2010 to 2018. The results show that the knowledge structure built by the high frequency of co-occurrence keywords remains similar over the three-year periods, including climate change, resilience, vulnerability, adaptation, and management, whereas the components of knowledge have greatly expanded, indicating an increased understanding of rural system dynamics. Through the systematic review, we found that developing resilience assessment tools is often designed as a process to strengthen adaptive capacity at the household or community level in response to global processes of climate change and economic globalization. Furthermore, community resilience is found to be an interesting knowledge component that has characterized rural resilience literature in the 2010s. Based on our study, we summarized conceptual characteristics of rural resilience and discussed the challenges and implications for researchers and policy makers.
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1. Introduction


Resilience has emerged as a useful concept to enhance the understanding of complex interrelationships between ecological and social systems across scales in the late 20th century [1,2,3]. Since then, the resilience concept has drawn and built upon a wide range of fields and disciplines, leading to different notions and realms of resilience. Recent scientific scholarship shows the increasing use of the concept to analyze the sustainability dynamics of rural areas and rural communities [4]. The interdisciplinary analysis of rural resilience encompasses facets of human ecology, ecological economics, rural sociology, and environmental studies [5], and discusses the internal and external factors affecting rural sustainability dynamics, such as the impacts of global climate change on natural resource-dependent communities that practice rain-fed agriculture [6,7].



Having a specific geographic and thematic boundary, such as rural resilience and urban resilience, may help to contextualize resilience and develop proxies and indicators that are more relevant to local interrelationships and processes [8]. For instance, it is now widely recognized that rural social-ecological systems provide the majority of the global food supply and natural resources, yet are being impacted by economic disparity, political instability, population decline, climate change, and the resulting degradation of natural ecosystems and biodiversity loss [9,10,11]. This understanding shows much improved systems conceiving insights that challenge dominant views on rural sustainability, wherein rural sustainability is merely seen as interrelated with sustainable natural resource management practices and rural livelihoods [12,13,14,15].



Nevertheless, the increasing interest in the resilience concept and its application to natural resources management and rural resilience have also encountered challenges: the concept has extensively remained academic and theoretical, resulting in inadequate empirical evidence for field-tested work and little contribution to natural resources management [2]. In order to address these challenges and to develop evidence-based approaches and tools for rural resilience, there is a need to understand the current application of the resilience concept in rural thematic fields and how this is facilitating the creation of relevant knowledge and assessment criteria. There is substantive scientific literature on comprehensive reviews of the development of urban resilience [16,17,18], yet few studies have undertaken similar comprehensive reviews of the development of rural resilience across disciplines [19].



A comprehensive review of the scientific literature on rural resilience can perform two important functions: (1) identify the multidisciplinary areas where rural resilience is being used and/or influencing the characterization of resilience concept and relevant knowledge; and (2) examine how rural resilience analysis and its quantitative and qualitative approaches are helping understand the dynamics of rural systems across scales and addresses the current conceptual challenges of resilience.



To this end, we employ a two-step approach proposed by Radhakrishnan et al. [20] to conduct a comprehensive review of rural resilience studies: a key-word co-occurrence network (KCN) analysis and a systematic review of selected papers containing field-tested evidence for the application of rural resilience. Using this approach, we aimed to achieve the following: (a) to characterize the state of rural resilience studies by identifying knowledge components, structures, and networks of rural resilience studies; (b) to observe evidence-based tools or indicators of rural resilience that are proposed in the relevant literature; (c) discuss the significance and limitations of rural resilience studies toward addressing the current academic challenges of the resilience concept as well as toward enhancing rural sustainability dynamics.




2. Materials and Methods


2.1. Frameworks and Definitions of Resilience


The resilience assessment of a social-ecological system is inherently dependent on the pre-analytic understanding of the system and the conceptualization of the resilience framework applied for the system’s analysis [21]. This has led to various approaches for assessing resilience, such as engineering resilience, ecological resilience, social-ecological resilience, social resilience, development resilience, socioeconomic resilience, community resilience, and psychological resilience [21].



Different approaches may use narrow definitions of resilience, but the review of the studies shows that the broadly accepted definitions of resilience can be summarized in four ways: (1) the amount of disturbance a system can absorb and still retain the same controls on domain functions and structure; (2) the degree to which a system is capable of self-organization; (3) the ability of a system to build the capacity for learning and adaptation while embracing changes [9,22]; and (4), predominantly in the psychological sense, the ability to maintain a certain level of well-being [21].



In addition to the aforementioned notion of resilience, i.e., a quality of a complex adaptive system, it is also described as a normative concept and often situated along a spectrum of “good” and “bad,” occasionally resulting in the oppositional relationship between the terms resilience and vulnerability [23]. On this account, resilience is often discussed as an ultimate goal to be achieved in many planning theories and practices, influencing policy-making and planning to aim to enhance adaptive capacity and reduce the vulnerability of the given system [23].



Vulnerability and adaptation are strongly related with the resilience concept and have been an important discussion topic for researchers to clarify the precise nature of their relationships [24,25]. It would be an interesting question to examine how the terms vulnerability, adaptation, and resilience are situated in rural resilience literature, which will be addressed later in this research.




2.2. Methodological Approach


The comprehensive review of the rural resilience literature was conducted in two steps (Figure 1): first, a KCN analysis that provided visual and quantitative insight on knowledge structure and evolution [26,27]; and second, a systematic literature review to observe the characteristics of evidence-based resilience assessments or measurements, which help to deepen the understanding of the subject and discern its gaps [28].



The preliminary investigation, prior to the KCN analysis, showed that studies related to rural resilience emerged during the 1980s and sharply increased in the 2000s; there were 18 papers published during the period 1990–1999, 165 papers during the period 2000–2009, and 1441 papers during the period 2010–2018. Hence, scientific papers published between 2010 and 2018 and related to “rural” and “resilience” were collected from the Science Citation Index Expanded (SCI-EXPANDED) and Social Sciences Citation Index (SSCI) databases available through the Web of Science. The collected papers were organized in three three-year periods to analyze the evolution of knowledge components, structure, and research trends [20]: 2010–2012, 2013–2015, and 2016–2018.



2.2.1. Metrics of Keyword Co-Occurrence Networks


The KCNs were constructed as undirected, unweighted networks using R (3.5.2) software [29]. Since our focus is on the co-evolving pattern of connectedness (i.e., the overall position of keywords), we applied unweighted network analysis rather than weighted network for calculating betweenness centrality (see also [30]) and degree centrality. In our approach, the degree represents the total number of links incident on the node, and betweenness centrality indicates the number of times the keywords (i.e., nodes) are included in the shortest paths between all pairs of nodes in the keyword network [20]. Although unweighted networks contain less information than their weighted counterparts [20], they can be analyzed with more ease and efficiency than the latter [31].



We investigated the characterization of nodes (keywords), links (the co-occurrence of the words), and network structure in the rural resilience literature, mainly based on the degree and betweenness centrality measures with the R package of igraph [32]. In addition to the visual exploration of keyword co-occurrence patterns with degree values, we conducted statistical tests to check the fitting of power-law distributions using the Kolmogorov–Smirnov (KS) test in the R packages of igraph and poweRlaw [33]. To detect the community structure of frequent keywords (i.e., at least five occurrences) within each time window, we performed cluster analysis based on edge betweenness in the R package of igraph [34].




2.2.2. Systematic Review of Selected Papers


The subsequent systematic review of the literature was conducted based on the results of the KCN analysis. We devised a five-stage approach drawing upon methods used for reviews of studies in biological conservation [35] and adaptive co-management [36], which include the following: question formulation, search protocol, screening of results, analysis, and synthesis. Details of each stage are explained in Appendix A.






3. Results


3.1. Keyword Co-Occurrence Networks Analysis


The number of keywords and links for the three time periods were 689 and 2265 for 2010–2012, 1413 and 5094 for 2013–2015, and 2264 and 8054 for 2016–2018, respectively (Table 1). The increase in nodes, i.e., the introduction of new keywords across each time window represents the expansion of knowledge structure in the rural resilience literature. The general increasing trend of the average degree represents the introduction of new keywords that did not emerge in the earlier literature.



Figure 2 shows the degree distribution of the KCN for the three time periods with the y axis representing the complementary cumulative probability values and the x axis representing the degree values. All co-occurrence networks of three time periods display a scale-free degree distribution, exemplified by the presence of power-laws P(k) ~ k−γ [37]. Scale-free networks are topologically dominated by a few highly connected hubs [37], which, in our study, agree well with the result related to top keywords by degree and betweenness (Table 3): a few highly co-occurring keywords such as “resilience” and “climate change” have relatively high values in betweenness playing a role in creating a new highly connected hubs.



Table 2 provides a result of the test statistics for ‘igraph’ and ‘poweRlaw’ packages in R over the degree distribution of KCN. The connectivity distribution values were calculated using a degree centrality measure. In the table, the exponent represents the scaling parameter of power-law distributions, the Log likelihood represents the likelihood estimation of the fitted parameters, and the KS statistic represents the distance of the input vector from a fitted distribution [38]. The table presents similar values of both exponent and KS statistics generated by both packages. The highest absolute log-likelihood and p-value, and lowest score of KS statistics of 2016–2018 indicates the best fitted to the power-law distribution among the three time periods.



The five most frequent co-occurring keywords during the period 2010–2012 were “resilience,” “climate change,” “adaptation,” “vulnerability,” and “livelihoods” with degrees being 201, 95, 66, 61, and 40, respectively (Table 3). For the years 2013–2015, “resilience,” “climate change,” “vulnerability,” “adaptation,” and “livelihoods” were the most frequent co-occurring keywords with degrees of 370, 126, 104, 75, and 67, respectively. For the years 2016–2018, “resilience,” “climate change,” “adaptation,” “vulnerability,” and “rural” were the most frequent co-occurring keywords with link degrees of 592, 185, 145, 141, and 93, respectively.



When looking at disturbance-related or change-related keywords, the most frequent occurring keywords for the period 2010–2012 were “climate change,” “Hiv/aids,” and “drought,” for the period 2013–2015, these were “climate change,” “poverty,” “food security,” and “flood” and for the period 2016–2018, these were “climate change” and “food security.” There were also some keywords that constantly appeared in the top fifteen keywords list of all three time periods such as “adaptive capacity” and “sustainability.” On the other hand, “community resilience” appeared first in the list of 2013–2015 keywords and became one of the most frequently co-occurring keywords during the period 2016–2018.



The cluster analysis was conducted in order to further examine the networks of a few highly co-occurring keywords such as “resilience,” “vulnerability,” “adaptation,” and “climate change.” As a result of the cluster analysis with keywords that appeared more than four times, the number of keywords used for the cluster analysis was 15 keywords for 2010–2012, 32 keywords for 2013–2015, and 69 keywords for 2016–2018. The number of links were 40, 135, and 375, respectively. The number of clusters formed for the years 2010–2012 was 5, for 2013–2015 this was 13, and 16 clusters were formed during the period 2016–2018. All clusters were visually drawn in Figure 3, and the list of keywords by total link degree as per three-time windows is summarized in Table 3. In general, Figure 3 shows the expansion of knowledge components and structures through three three-year time periods.




3.2. Systematic Review Analysis


A total of 36 papers were selected with the devised search protocol (see Appendix A). The search results showed that there was a relatively small number of studies with empirical, field-tested evidence for rural resilience assessment or measurement. While we included all studies and contexts related with rural resilience in the KCN analysis, in the systematic review we excluded psychological and medical related studies and focused on studies relating to social-ecological aspects of rural resilience. The list of selected papers and bibliographic information are provided in Appendix B. We developed a list of eight questions corresponding to our research objective as well as corresponding to the results of the KCN analysis (see Appendix A). The results of these eight questions are summarized in this section.



First, among the shortlisted papers, community resilience (14) and social-ecological resilience frameworks (10) were the most used with few papers using ecological (5) and development resilience frameworks (5) (Figure 4). Geographic and economic aspects were also seen to be relevant to resilience frameworks, particularly in developing countries or regions where development resilience or socioeconomic resilience is important to deal with economic vulnerability. For the definition of rural resilience, many papers used a direct quote of earlier literature, while few researchers attempted to provide operational definitions of rural resilience, often dealing with human dimensions such as the importance of society or community’s capacity (Table 4). In general, the notion of resilience referring to the ability or capacity of a system was most frequently used.



In addition to vulnerability, adaptation, and climate change, and other key concepts used in the papers show a variety of range with examples of livelihood, adaptive capacity, agroecosystem, diversity, diversification, biodiversity, agriculture, learning, and resilience thinking. The papers that contained “vulnerability” as the keyword often listed “household” and “livelihood” as other key concepts.



In describing a studied rural system, the rural community was most frequently used in the papers (8), followed by rural households (4), farms (4), rural areas (2), agroecosystems (2), rural villages (2) and farmers (2). Other target systems described in the papers include mountain region, forest and shrub. Moreover, the spatial area for assessing rural resilience was often set at a local scale (31), followed by farm (site) (2) and regional (2) scales.



In terms of disturbance, natural disaster (10), climate change (8), financial crisis and economic changes (5), and land use chances (4) were most often discussed; specific examples of natural disasters included flood (3) and drought (3). Other disturbances included demographic change (2), pest invasion (2), road paving (1), and fertilizer use (1). There were also papers that did not specify disturbance (3).



Almost half of the selected papers employed quantitative methods (17), and 14 papers used qualitative methods. Five papers adopted mixed methods. Many studies, particularly those focused on community resilience, adopted participatory research approaches. Interviews were the most frequently cited participatory approach (7), followed by surveys (5), modeling (5), and GIS (3). The components used in relation to the resilience framework in the selected papers varied and were summarized according to the framework used in the papers, namely ecological, social-ecological, social, development, socio-economic, and community, as in Figure 5.





4. Synthesis and Discussion


The two-step approach to review the rural resilience studies was performed to serve three main objectives: (a) to characterize the state of rural resilience studies by identifying knowledge components, structures, and networks of rural resilience studies; (b) to observe evidence-based tools or indicators of rural resilience that were proposed in the relevant literature; (c) discuss the significance and limitations of rural resilience studies towards addressing the current academic challenges of resilience concept as well as toward enhancing rural sustainability dynamics.



The key findings can be summarized as follows:




	
Both the rate of frequently co-occurring words and the rate of the number of keywords increased, indicating that rural resilience studies have expanded and diversified over the nine examined years.



	
While the knowledge components and structures tend to greatly expand, the high-degree keywords for the three three-year periods remain almost constant with examples of climate change, adaptation, and vulnerability, demonstrating the academic and conceptual characteristics of resilience studies.



	
The KCN shows a scale-free degree distribution, particularly toward the period 2016–2018, indicating characteristics of rural resilience literature, i.e., high-degree keywords playing an important role in the evolution of relevant knowledge.



	
Rural resilience assessment is mostly performed at the local scale, with particular interest in the resilience of rural communities. Overall, community resilience is seen as an interesting component that characterizes the rural resilience studies in 2010s.



	
Climate change, natural disasters, and financial crises are described as the major disturbances for field-tested work, indicating that a globalized process of climate change and economic globalization is prevalent in rural areas worldwide.








Rural sustainability is inherent to national and global sustainability, and there has been sustained societal interest in assessing and enhancing it. Our result shows that resilience has been gaining increasing interest and importance in rural studies, especially as climate change and economic globalization appear to be accelerated through both global and local processes [44]. The growing interest in rural resilience may imply that rural sustainability dynamics nowadays do not depend on a single factor or event. Rather, there should be the consideration of social, economic, ecological, cultural, and pollical circumstances caused by interdependence in a rural system [23]. The increase in the number of co-occurring keywords represents an enhanced understanding toward complex circumstances and system’s interdependence.



On the other hand, our results in association with high degree keywords, such as vulnerability, resilience, and adaptation, and with the systematic review imply the limit and challenges of the current resilience research. It can also be said that rural resilience discourse is tuned with global resilience discourse: the resilience concept tends to remain thematic and academic, generating challenges for researchers to establish measurable proxies and indicators [2]. The strong conceptual relations among vulnerability, resilience, and adaptation may also contribute to such challenges, as researchers may see the need to clarify their conceptual relations. Indeed, vulnerability, resilience, and adaptation were chosen as three key concepts for the International Human Dimensions Programme on Global Environmental Change in 2006 [45]. In global change science, the concepts of adaptation, vulnerability, and resilience are interrelated and applied according to the analytical scale and thematic interest [25].



Having different academic origins, the three knowledge domains of vulnerability, resilience, and adaptation were found to have a weak scholarly network in the late 2000s [46,47]. However, our review of rural resilience shows that they are highly related as important keywords and perform important functions for the evolution of rural resilience literature, indicating that the rural resilience studies incorporate in-depth understandings of the three terms in relation to rural systems. Vulnerability is seen to be associated with a system’s sensitivity to disturbance or change [25], and related vulnerability assessments address the lack of social-ecological infrastructure, social capital, and monitoring and management strategies in rural areas [48]. In our systematic review, vulnerability was often found in papers with rural livelihood (resilience) assessments, indicating its distinctive knowledge domain. Moreover, several studies refer to political changes as the primary cause for vulnerability, and use resilience as a pro-active strategy to promote rural community learning, indicating the significance of institutional learning in gaps generated by pursuing social-ecological resilience or community resilience [11,23,41,49]. This also indicates that incorporating normative questions within the resilience framework can help to empower minorities and communities to address issues of power and competing value systems that are aspects of rural sustainable development [50].



The knowledge components of rural resilience literature are intimately related to the studied system, system components, methodologies, and elements that enhance resilience. Rural resilience is embedded in the understanding of rural areas as a system, and it evolves conceptually along with the understanding of the system. For example, the term “community resilience” began to appear in rural resilience studies during the period 2013–2015, indicating the evolving conceptualization of resilience with the increasing understanding of human agency and ingenuity in sustainably managing natural resources, developing and communicating ecological knowledge, and devising adaptive strategies to deal with social-ecological changes [51]. The reviewed studies often portray the systems as rural communities and incorporate participatory approaches for engaging community members, indicating that rural resilience studies are focused at the community level and on democratic participation.



In fact, community has been a focus of other rural sustainability frameworks. Sustainable development, for example, was initially proposed as an integrated framework for the analysis of rural systems with a focus on stewardship, self-sufficiency, and community [52]. In the rural resilience literature, the resilience concept was purposefully utilized as a process that enhances the understandings of interactions and dynamics between local communities and the environment. For example, in several studies, rural resilience assessment is employed as a social process to build the adaptive capacity of rural communities, which can foster community interests and promote resilience as a means for adaptation and for sustaining socioeconomic development [53]. This also indicates that rural resilience studies provide important alternative frameworks for rural development [54] and challenge the dominant bounce-back resilience framework in favor of a proactive human agency framework [41].



The term agriculture also appeared frequently in recent rural resilience studies, indicating the focus on the ability of rural social-ecological systems to sustain agricultural productivity while maintaining ecological functions and services, in a time of increasing agricultural intensification and technological innovation. Agroecosystems, another keyword with relatively high frequency in the reviewed empirical studies, indicates a growing interest in alternative agricultural management systems that enhance beneficial social and ecological feedbacks and resilience [40]. Rural studies focusing on sustainable agriculture frequently discuss ecosystem services and multi-functionality [55], which is distinct from the dominant industrial agricultural approach of intensive ecological exploitation. Now, it is sufficiently understood that traditional agricultural systems are strongly affected by both global and local processes such as economic globalization, climate change, and political inclusion [56,57,58].




5. Conclusions


Climate change, resilience, vulnerability, adaptation, and management are found to be critical concepts that have shaped the knowledge trend of rural resilience literature in the 2010s, which indicates that rural sustainability dynamics should be embedded in systems concepts highlighting nonlinear changes and interdependencies within a social-ecological system across scales [59,60]. Our systematic review of the rural resilience studies finds that rural resilience assessment is often process-centered and entails systems-oriented learning for enhancing the functioning of ecological or social systems; this indicates a strong focus on resilience thinking. Furthermore, community resilience is found to be an interesting knowledge component that characterizes rural resilience literature toward the end of 2010s. Community resilience in rural contexts indeed possesses great potential for encouraging community-based resource management systems, and is the subject of future research.



There are only few rural resilience assessments, however, these rely on empirical evidence based on field-tested work, and only some studies adopt a clear trans-disciplinary approach. Therefore, a more expanded review of the literature is needed to examine evidence-based rural resilience assessment tools and trans-disciplinary approaches. Despite the limitations of the study, we hope that our efforts in reviewing rural resilience literature contribute to providing more comprehensive analytical lens that combine different framings, concepts, and language, and minimize the chance for miscommunications across different academic disciplines [61].
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Appendix A. Details of Systematic Review


As stated in our paper, our approach to systematic review is based upon the reviews of studies in biological conservation [35] and adaptive co-management [36]. In addition, since our systematic review is the second phase of the two-step methodology followed by the keyword co-occurrence network (KCN) analysis, we devised a five-state approach to reflect the results of the KCN analysis as well as the overall goal of the review, i.e., to examine how rural resilience analysis and its quantitative and qualitative assessment tools are helping understand the complexity and dynamics of rural social-ecological systems. The five-stage approach includes (1) question formulation, (2) search protocol, (3) the screening of results, (4) analysis, and (5) synthesis of both KCN and systematic review analyses. Details of each stage are explained in this appendix.



Stage One: question formulation. We began from key results from the KCN analysis. The KCN results showed that the most frequent co-occurring keywords throughout the three time periods remained unchanged, with the keywords “resilience,” “climate change,” “adaptation,” “vulnerability,” and “management.” We found that the terms “resilience,” “adaptation,” and “vulnerability” have already discussed in previous literature as the concepts that lack clarity or consensus [45]. Based on this finding, we further defined the objective of the review as: (1) to find and characterize the empirical evidence of rural resilience assessment, and (2) to enhance our understanding of “resilience,” “adaptation,” and “vulnerability” in rural contexts. With the defined objectives, specific questions were formulated as follows: (1) within which resilience framework rural resilience is assessed; (2) how rural resilience is defined; (3) how other key concepts in association with resilience are being defined or clarified, including “vulnerability,” “adaptation,” and “adaptive capacity”; (4) how a rural (social-ecological) system is framed or defined as a target system; (5) at which scale the resilience concept is applied; (6) what kind of disturbance or change is acknowledge; (7) what components are selected and discussed when assessing rural resilience; and (8) which methods are employed. For the first question regarding the resilience framework, we used engineering resilience, ecological resilience, social-ecological resilience, social resilience, development resilience, socioeconomic resilience, community resilience, and psychological resilience as initial coding themes [21].



Stage Two: search protocol. As the initial search process, among the 1186 papers collected for the KCN analysis, we searched the ones that have either “assess” or “measure” in their topics or keywords. As a result, 254 papers were shortlisted.



Stage Three: screening of results. The authors of the paper went through the titles, abstracts, and keywords of the 254 papers to find ones that specifically dealt with empirical evidence or field-tested approaches of resilience assessment and contained keywords of “adaptation,” “vulnerability,” or “adaptive capacity.” Then, we imported the shortlisted papers in PDF format into MAXQDA [62], and used the lexical search function of the software to screen the relevance of topic (i.e., whether each study belongs to any resilience framework in the following list: engineering resilience, ecological resilience, social-ecological resilience, social resilience, development resilience, socioeconomic resilience, and community resilience [21]. As stated in the manuscript, papers of psychological resilience were excluded in this process in order to focus on topics relevant to social-ecological systems, natural resource management, or nature–human interactions [36]. As a result of this stage, a total of 36 papers in English are shortlisted as the final list for systematic review.



Stage Four: analysis. A content analysis approach was employed in this stage. The content analysis approach is recommended for qualitative systematic reviewers whose aims are to build knowledge and generate theory [63]. In such a process, highly organizing and contextualizing contents as well as reflective memoing and diagramming are encouraged to ensure the validity of integration, interpretation, and synthesis [63]. While we used the eight questions as coding themes and often used the lexical search function in the MAXQDA program to detect explicitly stated contents, we also conducted open coding to capture all possibilities and potentials [36].



Stage Five: synthesis. To further contextualize the analysis results [63] and synthesize them in relation to the key findings of the KCN analysis, we further characterized the findings and organized them as key discussion points.




Appendix B. List of Papers Selected for Systematic Review




	Author
	Title
	Publication Year
	Journal



	Robin S. Cox and Marti Hamlen
	Community disaster resilience and the rural resilience index
	2015
	American Behavioral Scientist



	Phil McManus et al.
	Rural community and rural resilience: what is important to farmers in keeping their country towns alive?
	2012
	Journal of Rural Studies



	Susannah M. Sallu, Chasca Twyman and Lindsay C. Stringer
	Resilient or vulnerable livelihoods? Assessing livelihood dynamics and trajectories in rural Botswana
	2010
	Ecology and Society



	Johanna Jacobi et al.
	Agroecosystem resilience and farmers’ perceptions of climate change impacts on cocoa farms in Alto Beni, Bolivia
	2013
	Renewable Agriculture and Food Systems



	Elizabeth Buikstra et al.
	The components of resilience-perceptions of an Australian rural community
	2010
	Journal of Community Psychology



	Mohamed Arouri, Cuong Nguyen and Adel Ben Youssef
	Natural disasters, household welfare, and resilience: evidence from rural Vietnam
	2015
	World Development



	Sarah Skerratt
	Enhancing the analysis of rural community resilience: evidence from community land ownership
	2013
	Journal of Rural Studies



	Jonas Joerin et al.
	Assessing community resilience to climate-related disasters in Chennai, India
	2012
	International Journal of Disaster Risk Reduction



	Tim G. Frazier et al.
	Spatial and temporal quantification of resilience at the community scale
	2013
	Applied Geography



	Corinne Valdivia et al.
	Adapting to climate change in Andean ecosystems: landscapes, capitals, and perceptions shaping rural livelihood strategies and linking knowledge systems
	2010
	Annals of the Association of American Geographers



	Pablo Tittonell
	Livelihood strategies, resilience and transformability in African agroecosystems
	2014
	Agricultural Systems



	Jeroen C. J. Groot et al.
	Capturing agroecosystem vulnerability and resilience
	2016
	Sustainability



	Dirk F. van Apeldoorn et al.
	Panarchy rules: rethinking resilience of agroecosystems, evidence from Dutch dairy-farming
	2011
	Ecology and Society



	Martín Aluja et al.
	Agroecosystem resilience to an invasive insect species that could expand its geographical range in response to global climate change
	2014
	Agriculture, Ecosystems and Environment



	Helena Kahiluoto et al.
	Cultivating resilience by empirically revealing response diversity
	2014
	Global Environmental Change



	Matt Liebman and Lisa A. Schulte
	Enhancing agroecosystem performance and resilience through increased diversification of landscapes and cropping systems
	2015
	Elementa: Science of the Anthropocene



	Ch. Srinivasa Rao et al.
	Agro-ecosystem based sustainability indicators for climate resilient agriculture in India: a conceptual framework
	2018
	Ecological Indicators



	Marleen A. H. Schouten et al.
	A resilience-based policy evaluation framework: application to European rural development policies
	2012
	Ecological Economics



	Marleen A. H. Schouten et al.
	Resilience-based governance in rural landscapes: experiments with agri-environment schemes using a spatially explicit agent-based model
	2013
	Land Use Policy



	Moseki R. Motsholapheko, Donald L. Kgathi and Cornelis Vanderpost
	Rural livelihoods and household adaptation to extreme flooding in the Okavango delta, Botswana
	2011
	Physics and Chemistry of the Earth



	Jeff Popke et al.
	A social justice framing of climate change discourse and policy: adaptation, resilience and vulnerability in a Jamaican agricultural landscape
	2016
	Geoforum



	Artur Steiner and Marianna Markantoni
	Unpacking community resilience through capacity for change
	2013
	Community Development Journal



	Lin Cassidy and Grenville D. Barnes
	Understanding household connectivity and resilience in marginal rural communities through social network analysis in the village of Habu, Botswana
	2012
	Ecology and Society



	Stephen G. Perz et al.
	Global economic integration and local community resilience: road paving and rural demographic change in the southwestern Amazon
	2010
	Rural Sociology



	Chinwe Ifejika Speranza
	Buffer capacity: capturing a dimension of resilience to climate change in African smallholder agriculture
	2013
	Regional Environmental Change



	Aslihan Arslan et al.
	Climate smart agriculture? assessing the adaptation implications in Zambia
	2015
	Journal of Agricultural Economics



	Helen J. Boon
	Disaster resilience in a flood-impacted rural Australian town
	2014
	Natural Hazards



	Ana-Isabel García-Arias et al.
	Farm diversification strategies in northwestern Spain: factors affecting transitional pathways
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Figure 1. Methodological flowchart. 
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Figure 2. Complementary cumulative distribution function of the keyword co-occurrence networks. The solid line (degree k) indicates a power law fit, with xmin values 13 for 2010–2012, 18 for 2013–2015, and 12 for 2016–2019, where the power law fit is best. 
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Figure 3. Visualization of KCNs including pairs of keywords that co-occurred 5 times or more for three time windows, with different clusters visualized in different colors (Figures S1–S3 with increased resolution are also provided). 
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Figure 4. Distribution of resilience frameworks adopted in selected papers for systematic review. 
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Figure 5. An example of the comprehensive rural resilience indicators observed in systematic review. 
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Table 1. Summary of topological characteristics of keyword co-occurrence network (KCN) for rural resilience literature for three time periods: 2010–2012, 2013–2015, and 2016–2018.
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	2010–2012
	2013–2015
	2016–2018





	Number of articles
	170
	375
	641



	Nodes
	689
	1413
	2264



	Links
	2265
	5094
	8054



	Average degree <k>
	6.57
	7.21
	7.11



	Clusters
	5
	13
	16
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Table 2. Statistical testing measures of power-law fit of the KCNs’ distribution for three time periods with R packages ‘igraph’ and ‘poweRlaw’.
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Igraph

	
PoweRlaw




	

	
Exponent

	
xmin

	
Log Likelihood

	
Kolmogorov–Smirnov (KS) Statistic

	
p-Value

	
Exponent

	
xmin

	
KS Statistic






	
2010–2012

	
2.761695

	
13

	
−141.148

	
0.055366

	
0.999694

	
2.762174

	
13

	
0.055780




	
2013–2015

	
2.767996

	
18

	
−216.081

	
0.032235

	
0.999999

	
2.768477

	
18

	
0.033375




	
2016–2018

	
2.656433

	
12

	
−676.753

	
0.01887

	
0.999999

	
2.65684

	
12

	
0.021028
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Table 3. Top fifteen keywords by degree and betweenness.
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Years 2010–2012

	
Years 2013–2015

	
Years 2016–2018




	
Node

	
Degree

	
Betweenness

	
Node

	
Degree

	
Betweenness

	
Node

	
Degree

	
Betweenness






	
Resilience

	
201

	
0.4089

	
Resilience

	
370

	
0.4014

	
Resilience

	
592

	
0.4270




	
Climate change

	
95

	
0.1407

	
Climate change

	
126

	
0.1131

	
Climate change

	
185

	
0.0709




	
Adaptation

	
66

	
0.0617

	
Vulnerability

	
104

	
0.0472

	
Adaptation

	
145

	
0.0486




	
Vulnerability

	
61

	
0.0572

	
Adaptation

	
75

	
0.0365

	
Vulnerability

	
141

	
0.0453




	
Livelihoods

	
40

	
0.0571

	
Livelihoods

	
67

	
0.0364

	
Rural

	
93

	
0.0427




	
Adaptive capacity

	
39

	
0.0408

	
Rural

	
65

	
0.0321

	
China

	
87

	
0.0399




	
Social capital

	
36

	
0.0403

	
Governance

	
57

	
0.0318

	
Community resilience

	
82

	
0.0355




	
Rural

	
33

	
0.0381

	
Gender

	
52

	
0.0305

	
Sustainability

	
80

	
0.0266




	
Hiv/aids

	
30

	
0.0304

	
Adaptive capacity

	
51

	
0.0302

	
Social capital

	
80

	
0.0239




	
Social-ecological systems

	
27

	
0.0298

	
Food security

	
51

	
0.0288

	
Adaptive capacity

	
76

	
0.0224




	
Ecosystem services

	
24

	
0.0297

	
Poverty

	
47

	
0.0277

	
Food security

	
67

	
0.0222




	
China

	
23

	
0.0295

	
Flood

	
42

	
0.0248

	
Livelihoods

	
66

	
0.0210




	
Sub-Saharan Africa

	
22

	
0.0266

	
Social-ecological resilience

	
42

	
0.0235

	
Governance

	
62

	
0.0202




	
Drought

	
22

	
0.0260

	
Community resilience

	
40

	
0.0234

	
Sustainable development

	
58

	
0.0198




	
Sustainability

	
22

	
0.0259

	
Sustainability

	
38

	
0.0205

	
Agriculture

	
58

	
0.0167
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Table 4. Notions of rural resilience discussed in the selected papers.
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	Notion of Rural Resilience
	Reference





	Rural resilience has become popular in recent times, largely as a reaction to the notions of rural decline. It has become associated with enhancing well-being through having adaptive behaviors that permit some level of influence over future direction.
	McManus et al. [39]



	Our understanding of resilience includes self-organization, which implies that adaptation measures are organized by the actors, according to their own needs and visions.
	Jacobi et al. [40]



	Rural community resilience is the source of the outcome, rather than solely the outcome; contingent on deployment and management of individual, community and/or externally-networked stocks of resources and vulnerabilities; cumulatively built through repeated mechanisms and pathways over time or life-course; multi-scale: individual, community, and region; where change is constant not only episodic; not neutral but with often-implicit normative associations.
	Skerratt [41]



	The capacity for transformation and adaptation in the face of change.
	Rescia et al. [42]



	Resilience is a function of a society’s ability to react effectively to a crisis with minimal reliance on outside aid (Rose, 2007; Tobin, 1999; Turner et al., 2003; Wu et al., 2002) and can occur across a variety of spatial scales. Understanding a community’s resilience level can be crucial for pre-disaster preparation, post-disaster recovery and estimation of potential losses.
	Frazier et al. [43]
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