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Abstract

Investigation of the resilience of cities has become increasingly important in
view of the various natural and man-made threats to the sustainability of urban
complexes in which more than half the world’s population lives.

The paper provides an overview of the pertinent concepts as well as the
various approaches to the assessment of the resilience of cities. It elaborates on
the concepts of complexity and dynamic systems and attempts to clarify the
concept of resilience itself by analysing its characteristics and contrasting it with
related concepts such as sustainability, resistance, equilibrium, stability,
durability and robustness. It proposes that the essence of resilience is the ability
of a system to absorb changes without a transition to a different state.
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1 Introduction

More than half the world’s population is now urbanised [1]. The future welfare
of billions of people is therefore closely coupled to the continued sustainability
of cities [2].

The vulnerability of urban complexes to various natural and man-made
threats has led to an increased concern about the survival of cities and mitigating
measures to catastrophes that can threaten their survival. As stated by the World
Bank [1:4]: “How a city is structured to manage its growth and vulnerabilities is
critical.”

An indication of the ability of a city to withstand shocks to its survival is
given by the concept of resilience [3]. The concept of resilience suffers from
imprecision of definition and conceptualisation, which hampers its use in
academic discourse [4]. Resilience is, moreover, quite often confused with
related concepts such as sustainability, adaptability, transformability, resistance,
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equilibrium, stability, durability and robustness. The meanings of these concepts
as they relate to a city are therefore analyzed, with reference to the characteristics
of a city as a complex, socio-economic system. Some implications for the
methodology required to study urban resilience are briefly discussed.

2 Cities as complex, dynamic systems

A system can be defined as “A set of elements or parts that is coherently
organized and interconnected in a pattern or structure that produces a
characteristic set of behaviors, often classified as its “function” or “purpose.”
[5:188]

According to Weaver [6], cf. [7], systems could be classified as applicable to
three kinds of problem: problems of simplicity, problems of disorganized
complexity, and problems of organized complexity.

Jacobs [8] was the first to propose that these ‘‘problems of organized
complexity’’ included cities — indeed that the city was the example par
excellence of organized complexity.

In addition to being complex, social-economic systems are adaptive, as was
realised by systems theorists more than 50 years ago — see e.g. [9—11]. Social-
economic systems have the ability to change, i.e. their constituent agents
constantly adapt to each other and to the external environment — see e.g. [3, 12].

Sanders [13] has summarised the characteristics of complex adaptive systems
as follows:

1. “Diversity among the components; heterogeneous parts or “agents;”
sources of novelty in the system. Includes some sort of natural selection
processes within agent groups that ensure ongoing evolution,
regeneration, and adaptation.

2. Nonlinear interactions; widespread information flow and feedback loops.

3. Self-organization; results from attractors in the system, and from
adaptation to changes in the larger environment and other agents.

4. Local information processing; local interactions among autonomous
agents. Typically agents “see” only their part of the system and act
locally; no global control.

5. Emergence; exhibits unpredictable global behavior or patterns;
spontaneous order emerges from local system interactions.
6. Adaptation; open and responsive to changes to the larger environment or

context and to other agents in the system; continuously processing,
learning, and incorporating new information; making boundaries hard to
define.

7. Organization across multiple scales; agents in the system organized into
groups or hierarchies of some sort, which influence how the system
evolves over time.

8. Sensitivity to changes in initial conditions; small changes can create big
results at some point in the future.
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9. Non-equilibrium; most interesting behavior/creativity found at the “edge
of chaos;” healthy systems operate in a dynamic state somewhere
between the extremes of order and disorder, making it easier for them to
adapt to changing conditions.

10.  Best understood by observing the behavior — activities, processes,
adaptation — of the whole system over time; qualitative descriptions and
understanding versus quantitative descriptions alone.”

An even briefer (but in some respects more comprehensive) summary of the
characteristics of complex adaptive systems was provided by Cilliers [14, 15],
who also indicated the implications of these characteristics for the study of
complex adaptive systems:

i Complex adaptive systems comprise many interacting dynamic elements
or subsystems, connected together in irregular ways in an open context.

i They consist of nested systems that span a range of dimensions or scales.
. They are more than the sum of their parts — i.e. they show emergent
properties that are not found in the properties of the individual parts.

i They have histories, with past behaviour and experience influencing
current behaviour, allowing agents to learn from experience.
. Interactions between elements tend to be rich (i.e. each element influences

and is influenced by a number of other elements), but primarily short-
range (i.e. mainly with immediate neighbours).

i The interactions between simpler elements allow self-organization into
more complex structures.
i The connections or interactions between the elements of the system are

nonlinear and contain feedback loops, which implies that small causes can
have large results.

. The system operates far from equilibrium and exhibits hysteretic or
irreversible behaviour — i.e. it may resist change up to a certain threshold
point at which it flips irreversibly into a different state [17].

As pointed out by Du Plessis [17], ‘Understanding ... complex, adaptive
systems means that the important properties to study are those related to change
and the system’s ability to deal with change — for example, resilience,
adaptability, transformability, connectivity and diversity.”

The complex adaptive system is presently more commonly denoted as a
multi-agent system [18]. The basic components of a complex adaptive system
are called agents, which can be conceived as autonomous individual components
that try to achieve some goal or value (“utility” or “fitness”) by acting upon their
environment. Agents can be persons, cells, artefacts or molecules [18]. Although
agents typically only interact with a limited number of other agents in their local
neighbourhood, these local interactions may result in consequences on a macro
level. Such macro effects are emergent in the sense that they could not have
been inferred from properties that govern the behaviour of the individual agents
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[19, 20]. “Agents are intrinsically subjective and wuncertain about the
consequences of their actions, yet they generally manage to self-organize into an
emergent, adaptive system. Thus, uncertainty and subjectivity should no longer
be viewed negatively, as the loss of the absolute order of mechanicism, but
positively, as factors of creativity, adaptation and evolution” [18].

Complexity is an emergent phenomenon that arises from interactions between
the components of the system. In turn, an emergent property of complex human-
environment relations is that of resilience. This concept reflects the tension
between stasis and dynamism [16]. It refers to the factors that combine to build
and sustain a system’s identity [21]. This concept will be investigated in some
detail in a later section.

Helbing [22:1]: emphasizes that “The commonality of complex systems is
that they are characterized by a large number of interacting (mutually coupled)
system elements ... These interactions are usually non-linear ... Typically, this
implies a rich system behavior ... In particular, such systems tend to behave
dynamic rather than static, and probabilistic rather than deterministic. As a
consequence, complex systems can show surprising or even paradoxical
behaviors. ... Moreover, complex systems are often hardly predictable and
uncontrollable.

It is apparent that cities are dynamic and complex socio-economic systems,
exhibiting all the characteristics of such systems [23].

Application of the above characteristics of complexity to a city leads to the
following observations [13].

1. Local, simple interactions create self-organizing global patterns of
community.

2. The vitality of living cities emerges from the interactions created by multiple,
connected, diverse centres of activity. (Cities usually form around some
relatively stable attractor such as a geographic feature)

3. Aesthetic coherence is created by recognizing and incorporating the fractal
qualities of people, place, and environment.

4. A living city frames our interactions with subtle visual connections among
people, place, and environment.

5. A living city evolves within a larger context where emerging, new initial
conditions will influence and shape its ongoing development.

3 Sustainability

The concept that sustainable development is “development that meets the needs
if the present without compromising the ability of future generations to meet
their needs” [24] is generally accepted.

Holling [25] suggests instead that sustainability is the capacity to create, test
and maintain adaptive capability. This implies that sustainability requires both
change and persistence.

Fiksel [26] proposes that for system design purposes the following definition
of sustainability is useful: “A product, process, or service contributes to
sustainability if it constrains environmental resource consumption and waste
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generation to an acceptable level, supports the satisfaction of important human
needs, and provides enduring economic value to the business enterprise.”
Similarly, Newman [27] proposes that “A sustainable city is one that is reducing
its ecological footprint (its resource consumption, land consumption and waste
production) whilst simultaneously improving its quality of life (its health,
housing, work opportunities and livability).” This definition implies that
sustainability should be considered in the context of a larger set of problems that
include questions of economic growth, social equity and local diversity.

4 Resilience

The quintessential characteristic of sustainability is resilience, i.e. the capacity of
a system to absorb disturbances and reorganize while undergoing change so as to
retain essentially the same function, structure, identity, and feedbacks

The Latin root of the term “resilience” refers to the ability of an entity or
system to the power of recovery following a disturbance or disruption of some
kind, i.e. its ability to recoil or rebound [5]. Following a proposal [28] that it
could be a key aspect of the dynamics of spatial economic systems, this is the
way in which the term is mostly used in systems theory (e.g. “Resilience: The
ability of a system to recover from perturbation; the ability to restore or repair or
bounce back after a change due to an outside force” [29:18]), and is applied in
regional economics and urban applications, e.g. [30, 31] in spite, as Martin [5]
points out, of the admittedly somewhat ambiguous interpretation of the term and
the contentious application across the different sciences [32-34].

The lack of resilience is called brittleness [35].

Martin [5:6] points out that the use of the term in different disciplines
suggests that at least three different but related interpretations: so-called
‘engineering’ resilience, ‘ecological’ resilience and ‘adaptive’ resilience.

The first of these interpretations — the so-called ‘engineering’ resilience,
assumes a system to be in a state of equilibrium (or in a steady state) of before
the shock [36-38]. The second definition — ‘ecological’ resilience — refers to the
size of the shock that can be tolerated before a system is pushed beyond its
elasticity threshold into a different form, function or position [25, 36, 38—40].
Some authors, however, use this definition to refer to the ability of the system,
when pushed beyond its ‘elasticity threshold’, to quickly settle in a new stable
static or dynamic configuration [41]. The third view of resilience is essentially
an evolutionary one: driven by co-evolutionary interactions between its
components, self-organizing behaviour occurs whereby its internal structure is
rearranged spontaneously [42]. Given the viewpoint adopted above of
considering the city as a complex, adaptive system, the latter interpretation is of
particular interest and will be pursued in more detail below.

In the analysis of social-ecological system resilience, four key systems
features are of special interest: latitude, precariousness, resistance and panarchy
[43]. “Latitude refers to the capacity of a system to undergo change before
recovery is ‘difficult or impossible’. Resistance refers to the ‘ease or difficulty’
of changing the system. Precariousness concerns the definition of critical limits
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and thresholds of system function and behaviour. Panarchy is concerned with
cross-scale interactions that influence system resilience positively or negatively”
[17, 44].

The reaction of a system to a shock can be described in terms of four
interrelated dimensions: “The first is that of resistance, that is the vulnerability
or sensitivity of a regional economy to disturbances and disruptions, such as
recessions. The second is that of the speed and extent of recovery from such a
disruption. Of interest here is whether the speed and extent of recovery are
determined by the degree of resistance to the shock in the first place. The third
aspect concerns the extent to which the regional economy undergoes structural
re-orientation and what implications such re-orientation has for the region’s
output, jobs and incomes. The fourth dimension concerns the degree of renewal
or resumption of the growth path that characterised the regional economy prior
to the shock. In addition, these different aspects or dimensions of regional
economic resilience may interact in different ways, to produce different
outcomes...” [5: 15].

The transformability of a system is the capacity to create a fundamentally
new system when ecological, economic, or social (including political) conditions
make the existing system untenable. This response to a crisis is a response that
involves crossing thresholds, it entails substantial change and is resource-
intensive [43].

Vulnerability denotes the propensity to suffer harm from exposure to external
stresses and shocks.

Adaptability, on the other hand, “..can be said to be an emergent
characteristic of a system that enables it to avoid, survive, or recover from a
disruption.” [35]. It is emergent because it is a property of the interaction
between components, and not of the components themselves. The response
of the system to a threat is to prevent the crossing of thresholds into different
states [43].

Characteristics of resilient systems include diversity, efficiency, adaptability
and cohesion [26]. In the case of a socio-economic system (like a city)
“diversity” (the existence of multiple behaviours and forms) implies ethnic,
cultural, institutional and political diversity, while “cohesion” (the existence of
unifying forces or linkages) refers to a strong identity like a common culture (the
individual, organizational, or national beliefs that govern our actions [35] or
social cohesion. “Social cohesion within a neighborhood, which refers to
harmonious interactions and mutual support among residents, is integral to the
social sustainability of the neighborhood” [45].

Efficiency (cost-efficient means for human needs satisfaction) and
adaptability (flexibility of institutions) are achieved by interelement co-
operation, collaboration and/or communication. Adaptive governance
recognizes cross-scale interactions and promote interaction across organizational
levels [46]. The response to Hurricane Katrina, where little communication or
cooperation occurred among government agencies is an example of the
catastrophic results that can occur where the system fails the adaptability test.
The rapid efficient and effective response of Japan to the March 11, 2011
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earthquake, tsunami and nuclear crisis is an example of the successful
adaptability of a society to a disaster.

5 Resilience and urban vulnerability

The World Bank [1] expresses the importance of resilience of cities and the
crucial role of human actors as follows: “The concept of resilience is central to
the understanding of urban area vulnerability..... Resilience in social systems has
the added human capacity to anticipate and plan for the future. Humans depend
on resilience for survival. A resilient city is one that is able to sustain itself
through its systems by dealing with issues and events that threaten, damage, or
try to destroy it.... There are three defining characteristics of resilience in human-
ecological systems: (a) the amount of disturbance a society can absorb and still
remain within the state of the domain of attraction; (b) the degree to which the
society is capable of self-organization or adjustment; and (c) the degree to which
the society can build and increase the capacity for learning and adaptation.”

Three aspects of resilience are involved in responses to disasters. Physical
resilience refers to the ability of a city or community to rebuild its physical
structure. Emotional resilience refers to the ability of individuals, families and
communities to cope and heal from trauma. Cultural resilience signifies the
perseverance of cultural practices and norms through events of great cultural
trauma (i.e. the ability of customs, traditions, languages or religions to survive
and evolve) [3].

6 Ameliorating features

Adaptive capacity is determined by, among others, the diversity in the system,
(particularly the response diversity), the degree of connectedness within the
system and the tightness of feedback [47].

The requirement of connectedness (as instantiated in networks) is highlighted
by Helbing [22:10] “As the example of ecosystems shows, a networked system
can have an astonishing degree of robustness without any central control.
Robustness just requires the right interaction rules, which may be implemented,
for example, by social norms, laws, technological measures etc., depending on
the system. Properly chosen rules will lead to a self-regulation or self-control of
the system, but improper specifications can lead to low performance or systemic
instability.”

A second contribution to the continued sustainability of a complex system is
to have sufficient diversity in the system’s components: “Complex,
hierarchically organized systems (e.g., aircraft, nuclear plants) tend to have rigid
operating parameters, are resistant to stress only within narrow boundaries, and
may be vulnerable to small, unforeseen perturbations. Alternatively, distributed
systems composed of independent yet interactive elements may deliver
equivalent or better functionality with greater resilience” [26].

An analogy may be found in investment theory, where is it is widely
acknowledged that diversification diminishes risk in an investment portfolio.
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Incorporation of efficient diversification in a portfolio limits the possibility of an
event causing a catastrophic loss. In fact, if the elements (components) of the
portfolio can be chosen to be inversely correlated, the counter-intuitive result that
high returns can be achieved without increasing the risk is obtained [49, 50].

The concept of diversity itself is not unambiguous and is open to different
interpretations. Three fundamental types of diversity constructs may be
distinguished: separation, variety and disparity [51].

Helbing [22] speculates that social differentiation is a success principle
promoting cooperation, and suggest that “The hypothesis to be tested is that local
cultures are beneficial for the level of cooperation in a social system and that
increasing spatial homogeneity would destroy the natural forces keeping a social
system together. This would require strengthening other cooperation-enhancing
mechanisms in order to stabilize the system.”

This view is supported by Seymoar [52] who, in summarizing the major
lessons learnt from responses to a wide variety of catastrophes, lists
“Increase community and economic diversity (incorporate immigrants)” and
“Develop or maintain a middle group (class)” as among the most valuable
lessons — cf. [53, 54].

7 Conclusion

Various nuances in the meaning of the term “resilience” have been unravelled
and the term has been distinguished from related terms. It is recommended that
extreme care is taken when utilizing the related terms in discourse about the
resilience of cities. In particular, it is suggested that the term should not be used
when a change of state of a system occurs.

A second conclusion is that the resilience of any complex system (like a city)
is determined by, among others, the degree of connectedness in the system and
the diversity of its components.
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