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Abstract

We live in a turbulent world, in which there is growing awareness and concern about 
of unpredictable and interconnected change across scales. We cannot predict, still less 
control every source of change that affects systems on which we depend. However, we 
can aspire to be resilient in the face of change. We can seek to build resilience so that 
when disturbances happen, those systems have the capacity to absorb, adapt to, utilize 
and possibly even benefit from perceived disturbances. We can seek to manage systems 
such that, when they do fail, they fail gracefully; and such that we can effect desirable 
transitions and transformations. This thesis presents a practical theory of system resilience 
to facilitate improved management and governance of systems such that their capacity to 
sustain human and natural capital is enhanced. In order to do so, it addresses questions 
of what system resilience is, how it is measured, how it is created or destroyed and what 
we can do, as humans, in order to manage resilience. It provides direct methodological 
pathways from conceptual and mathematical models of resilience to approaches for 
characterizing and managing resilience on-the-ground.

Resilience has received an enormous amount of attention across an extensive range of 
disciplines and sectors. It has become a central theme of research, policy and practice 
from local to global scales. However, the global spread of resilience has not resulted in 
global definitions. The inherent conceptual and operational pluralism extant in the field 
is problematic for those involved in resilience management, planning and decision-
making; particularly in the multi-actor and multi-scale processes that are called for by 
the very concept of resilience. Acknowledging interconnectedness of social, economic, 
political and environmental systems across scales and levels, taking into account cross-
scale and cross-level interactions, and striving towards holism are fundamental aspects of 
the resilience approach. Thus, frameworks that can handle this diversity across disciplines, 
sectors and social worlds scales are needed. This thesis has presented systemic frameworks 
for understanding, measuring and managing resilience that are designed to work with 
and capitalize on this inherent pluralism and accordingly build capacity to cope with 
uncertainty and change. 

The frameworks presented have been applied tested by the author through the Systemic 
Integrated Resilience and Adaptation program. Applications to understanding and 
managing the resilience of agricultural communities in Nepal, for integrated multi-level 
resilience and adaptation in Ghana and a global level food systems model.Relevant 
resilience planning frameworks and the approaches taken to cross-level, cross-scale and 
cross-research program integration have been described. Finally the frameworks are 
applied to the design and implementation of interdisciplinary resilience research programs. 
The lessons learned from these applications are discussed, guidelines for understanding, 
measuring, managing and researching resilience are provided and directions for further 
research and action are highlighted. 



Operationalizing Resilience

Table of Contents

 Acknowledgement
 Abstract

1 Introduction       
1.1 Motivation       
1.2 Background 
1.3 Objectives  
1.4 Conclusions

2 Conceptual Frameworks for Resilience
2.1 Introduction
2.2 Engineering resilience
2.3 Ecological Resilience
2.3.1 Hysteresis
2.3.2 Alternate Stable States, Thresholds and Regime Shifts
2.3.3 Desirable and Undesirable States and Basins of Attraction
2.4 Social-Ecological Resilience
2.4.1 Interconnectedness and Holism
2.4.2 Panarchy
2.4.3 Complex Adaptive Systems
2.4.4 Essentialism in the Maintenance of Features
2.5 Social Resilience 
2.5.1 Community Resilience
2.5.2 Disaster Resilience
2.6 Psychological Resilience
2.7 Related Concepts
2.7.1 Adaptation
2.7.2 Vulnerability
2.7.3 Transformability 
2.8 Conclusions

3 Mathematical Frameworks for Resilience
3.1 Introduction
3.2 Classical Representation Conventions
3.3 Measures of Robustness/Resistance
3.4 Measures of Stability/Recovery
3.4.1 Resilience and Return Time
3.4.2 Property Versus Time Graphs
3.4.3 Stability Landscapes, Regime Shifts and Resilience
3.4.4 Thresholds, Tipping Points and Regime Shifts
3.5 Measures of Adaptability 
3.6 Conclusions

4 An Interdisciplinary Framework for Resilience
4.1 Reframing Resilience
4.2 Resilience, Interconnectedness and Holism

2

5

10
10
10
11
12

16
16
16
18
18
19
22
23
25
26
27
28
29
31
36
37
39
39
42
42
43

48
48
49
51
52
52
53
56
60
66
71

76
76
80



81
84
84
85
85
88
89
89
90
90
90
91
91
91
92
92
93
93
93
93
93
94
94
94
95
95
95
95
95
95
96
96
96
96
96
97
97

102
102
103
104
105
106
107
108
109

4.3 Systems Thinking and Resilience Thinking 
4.4 Conceptual Framework 
4.4.1 System 
4.4.2 Boundaries and Scope 
4.4.3 Scale, Level, Scope and Extent 
4.4.4 Identity 
4.4.5 Components and Structure
4.4.6 System Status, State and Properties
4.4.7 State change 
4.4.8 Equilibrium 
4.4.9 Function 
4.4.10 Dynamics and feedback 
4.4.11 Transformation 
4.4.12 Restructuring 
4.4.13 Transition 
4.4.14 Adaptation 
4.4.15 Complexity 
4.4.16 Emergent properties 
4.4.17 Robustness 
4.4.18 Stability 
4.4.19 Adaptability and Adaptive Capacity 
4.4.20 Resilience 
4.4.21 Transformability 
4.4.22 Integrity 
4.4.23 Sensitivity 
4.4.24 Exposure 
4.4.25 Vulnerability 
4.4.26 Hazard 
4.4.27 Risk 
4.4.28 Attack 
4.4.29 Fragility 
4.4.30 Protection 
4.4.31 Critical Features 
4.4.32 Safety 
4.4.33 Security 
4.4.34 Versatility 
4.5 Conclusions 

5 Operationalizing Resilience 
5.1 Introduction
5.2 What we get from Resilience Theory
5.3 What we get from Systems Thinking
5.3.1 Critical Systems Heuristics
5.3.2 Systemic Intervention
5.4 What we get from Development Theory
5.4.1 Asset-Based Community Development (ABCD)
5.4.2 Appreciative Inquiry (AI)



Operationalizing Resilience

5.5 What we get from Strategic Planning
5.6 Integrated Methodological Framework 
5.6.1 Pluralism 
5.7 SIRA Diagnostic, Prioritization and Planning Workshop 
5.7.1 Introduction 
5.7.2 Pre-workshop 
5.7.3 Diagnostic, Prioritization and Planning Workshop 
5.7.4 Post Workshop 
5.7.5 Scenario Development 
5.7.6 Robust Planning Through Scenario Testing 
5.7.7 Facilitator Guidelines 
5.8 Conclusions 

6 Understanding and Managing Resilience
6.1 Introduction 
6.2 Theoretical Framework
6.3 Methodology 
6.3.1 Diagnostic Work 
6.3.2 Participant Selection 
6.3.3 Analogue Scoping Trip and Exchange Site Selection
6.3.4 Exchange Training
6.3.5 Exchange 
6.3.6 Post-exchange Scenario Exercise 
6.3.7 Village-wide Dissemination and Planning 
6.3.8 Handover to Local Partners 
6.4 Results 
6.4.1 Diagnostic Work 
6.4.2 Participant Selection 
6.4.3 Analogue Scoping Trip and Exchange Site Selection 
6.4.4 Exchange Training 
6.4.5 Exchanges 
6.4.6 Post-exchange Scenarios Exercise 
6.4.7 Village-wide Dissemination and Planning 
6.5 Handover to Local Partners OneYear Post-program Evaluation 
6.6 Discussion and Conclusions
6.6.1 Considerations for Responsible Use of CCAFS CAT 
6.6.2 Implications for Farmer Exchanges Based on the CAT 
6.6.3 Implications for Farmer Exchanges in General 
6.6.4 Conclusions  

7 Measuring Resilience 
7.1 Introduction 
7.2 Cognitive Maps and Causal Reasoning
7.3 Fuzzy Cognitive Maps and Causal Reasoning 
7.4 Fuzzy Cognitive Maps and Artificial Neural Networks 
7.5 Fuzzy Cognitive Maps and System Dynamics 
7.6 What is the Difference? 
7.6.1 Interpretation as an FCM 

110
111
113
116
116
118
119
139
140
143
146
147

152
152
154
155
155
157
157
158
158
159
160
160
160
161
164
164
165
166
168
170
170
171
172
172
174
175

180
180
182
185
190
192
199
199



7.6.2 Interpretation as a System Dynamics Model 
7.6.3 Discussion 
7.7 Application of Resilience Measures 
7.8 Conclusions 

8 Researching Resilience 
8.1 Introduction 
8.2 Applying the Operational Framework to Research Program Design 
8.3 Critical Reflections 
8.4 SIRA Integration Measures 
8.4.1 SIRA Integration Workshop 
8.4.2 SIRA Multilevel Integrated Planning Workshop 
8.4.3 Ghana Multilevel Integrated Adaptation Governance Workshop 
8.5 Broader Measures: What Could Be Done About It More Generally
8.6 Conclusions  

9    Conclusions

 References

201
203
206
216

220
220
221
224
233
233
238
252
280
281

286

296



Operationalizing Resilience

List of Figures

2 Conceptual Frameworks for Resilience
2.1 Stress (σ)-strain(ε) diagram of an elastic material showing 
 the Modulus of Resilience

2.2 Elastic hysteresis of an idealised rubber band 

2.3 Multiple basins of attraction represent multiple regimes, the 
 equilibrium point at the bottom of each basin each represent 
 a different stable state.

2.4 Multiple stable states of coral reefs. Source: (Bellwood et al., 2004).

2.5  Disturbance is an opportunity for positive change. Source: (Pett, 2009).

2.6 Panarchy, adaptive cycles. Source: (Holling et al., 2002).

2.7 Curve showing social hysteresis in public attitude change. Source:
 (Scheffer et al., 2003). 

2.8 Burmese monks protest against the military junta. Source: 
 (BBC News, 2007).

2.9 Characteristics of resilience and adaptive capacity at community level.
 Source: (Jones et al., 2010).

3 Mathematical Frameworks for Resilience
3.1 Schematic of a system property being calculated as a function of state 
 as state changes with time(Bean et al., 2009).

3.2 Property Versus Time Graphs Used to Quantify Resilience (Majer, 1990).

3.3 Multiple different state trajectories may produce the same recovery 
 rates of a given system property (Bean et al., 2009).

3.4 Components of social resilience: resistance, recovery, creativity
 (Adger, 2000).

3.5 State space areas corresponding to high and low system property values.

3.6 Three-dimensional stability landscape with two basins of attraction. 
 The current state of the system is in one of the basins. The three factors  
 defined to quantify resilience are shown as L - latitude, 
 R = resistance, Pr = precariousness.

3.7 Graph of ƒ(x,y) = kx(1+(kx)2)-1 exp(-y2) for positive k, an example of 
 a basin with different depth and latitude in different directions.

3.8 Graph of Rosenbrock Function has local minimum set in a shallow valley  
 with steep walls. 

3.9 Precariousness Pr, the shortest distance to the edge of the basin, does  
 not take into account the nature of the disturbance.

3.10 Fold bifurcations and regime shifts(Lade et al., 2013).

3.11 Planetary Boundaries. Image credit: Stockholm Environment Institute
 (Rockström et al., 2009b).

17

19

21

22

25

26

30

31

34

50

53

54

55

55

56

57

58

60

61

63



65

67

78

79

83

86

104

111

121

123

127

128

128

129

130

132

133

134

136

138

141

142

143

144

154

155

159

3.12 Heuristic illustration of critical slowing down.

3.13 “Networked adaptive capacities” that underpin community resilience  
 (Norris et al., 2008). 

4 An Interdisciplinary Framework for Resilience
4.1.  Q: “Why have you got a shield turtle?” A: “This shield protects me from all 
 danger” (Jerome, 2013).

4.2.  Resilience Framing Cycle.

4.3.  System boundaries are inevitable and normative (Ison, 2008).

4.4.  Examples of scales and their associated levels. The diagram shows a social 
 organisational scale, an ecological scale, a water-based physical scale and 
 an economic scale. There are no natural scales and levels, these are all 
 human-defined schema.

5 Operationalizing Resilience 
5.1.  Resilience Framing Cycle.

5.2.  Strategic Planning Framework

5.4.  What’s Important Exercise.

5.5. Causal Mapping Activity.

5.6.  Response story circle.

5.7.  Collages Activity.

5.8. Collages Output.

5.9.  Future Village Map.

5.10.  Participants Visualizing their Desired Future.

5.11.  Resource Mapping Output.

5.12.  Seasonal and Daily Calendar.

5.13.  Formal and Informal Organizations Venn Diagram.

5.14.   Numbers assigned during Individual Asset Mapping.

5.15.  Backcasting Activity.

5.16.  Four Scenarios for West Africa (CCAFS, 2011).

5.17.  Participants clustering individual suggestions for factors of change, in a 
 CCAFS scenarios workshop for South East Asia in Ha Long Bay, Vietnam, 
 facilitated by the author.

5.18.   Four scenarios for South East Asia (CCAFS, 2011)

5.19.  Revising backcasts in the context of each scenario. Left: Original backcast. 
 Right: Revised backcast, changes represented on post-it notes.

6 Understanding and Managing Resilience
6.1.   Exchange scenarios provide alternative contexts for back-casting.

6.2.   Methodology for analogue exchanges as exploratory scenarios

6.3.  Exploring perceptions of climate change: comparing past and present  
 seasonal maps of the reference and exchange communities.



Operationalizing Resilience

6.4.   Map showing Beora, Rupandehi, Nepal: the reference site for the FOTF.

6.5.  Detailed map and collage of community vision of the future of Beora.

6.6.  Illustrative Climate Analogue Map - Temperature Analogues.

6.7.  Similarities and Differences Exercise.

6.8.  Exchange scenario photo-board.

6.9. Revising backcasted plans with each scenario after each exchange,  
 scenario photo-boardsvisible under backcasting sheets.

7 Measuring Resilience
7.1.  Example Unsigned Cognitive Map.

7.2.   Example Signed Cognitive Map.

7.3.  Example Fuzzy Cognitive Map.

7.4.   Standard hidden layer neural network structure (OpenCV API Reference, 
 2014).

7.5.  Example Graph Fragment.

7.6.  Example Graph Fragment Illustrating Inbound Connections to Node 2.

7.7.    Example graph with non-linear relationships between variables.

7.8.  Graph of Successive State Activation calculated using Equation 6.

7.9.  Graph of successive state activation calculated using Equation 8

7.10. Graph of successive order effects resulting from initial perturbation in a 
 system dynamicsinterpretation of the graph in Figure 7.3

7.11.  Cumulative change at each iteration, resulting from the initial perturbation 
 in a systemdynamics interpretation of the graph in Figure 7.3.

7.12.  CIMSANS Food System Diagram (Ingram, 2013).

7.13.  Food system influence diagram.

7.14.   Food systems directed graph with FCM link weights and SD link weights.

7.15.  Cumulative Change Produced by 30% Change in Climate.

7.16.   Cumulative Change From +0.3 Climate Change with 0.5 Drop in Industrial 
 Versus Organic Agriculture.

7.17.   Cumulative change caused by food price hike of 0.5.

8 Researching Resilience 
8.1.  Structure of SIRA Research Program.

8.2.  Iterative Design of Field Programs and Dialogues.

8.3.  Revised SIRA Structure.

8.4.  Disciplines as Branches of the Tree of Knowledge (Gray, 2009).

8.5.  Relationships Between Ecosystem Services and Human Wellbeing(Thorn, 
 2013).

8.6.  Conceptual Map of the SIRA Lenses.

8.7.  Environmental-Political Link Prototype.

161

162

165

168

169

169

182

183

186

191

193

193

196

200

200

202

202

207

209

211

213

214

215

223

224

227

228

232

234

236



3 Mathematical Frameworks for Resilience
3.1 Planetary boundaries

3.2 Aboriginal Dimensions of Resilience.

8 Researching Resilience
8.1 Summary of workshop activities and timeline

8.2 Agricultural knowledge management connections

8.3 ‘Fitting’ Multilevel Scenarios: Civil Society to the Rescue 

8.4 Agricultural Knowledge Management 

8.5 Water and Land Management, Integrated Pathways and Stress-Testing

8.6 Markets and Finance Integrated Pathways and Stress Testing

8.7 Basic Health and Nutrition Integrated Pathways and Stress-Testing

8.8 Multilevel Narrative for Agricultural Knowledge Management

Box 1. Crafting The Right Questions: Guidance On How To Elicit Stories 
 Rather Than Opinions

Box 2. Sustainable Livelihoods Framework

Box 3. Guidelines For Facilitating Backcasting

Box 4. Guidelines For Facilitating Scenario Activities 

237

240

241

242

245

248

250

253

8.8.  SIRA Nested Framework.

8.9. Mind map of brainstorming: What do we know about climate change, 
 agriculture and foodsecurity in Ghana?

8.10.  Rich Picture of SIRA Team Knowledge of Ghana.

8.11.  Investment and Capacity Development Traps in Ghana.

8.12.  Rich pictures of Ghana at National (left), Regional (Upper Right) and Local 
 (Lower Right) Levels.

8.13.   Adding Pathways and Disconnects Between Levels.

8.14.   Brainstorming and Clustering of Themes for Ghana Workshop.

8.15.  Visual Agenda for Ghana Multilevel Integrated Governance Workshop.

List of Tables

List of Boxes

64

70

254

264

266

268

271

274

276

278

126

135

139

145


	TITLE: Operationalizing Resilience: Conceptual, Mathematical and Participatory Frameworks for Understanding, Measuring and Managing Resilience
	Thesis Declaration
	Dedication
	Acknowledgements
	Abstract
	Table of Contents
	List of Figures
	List of Tables
	List of Boxes




