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ABSTRACT 

Resilience has become a concept extensively used by several areas of knowledge. However, there is no method, 
widely recognized capable of measuring resilient behavior. Therefore, this exploratory work aims to present a 
set of dimensions capable of delimiting metrics in order to measure a resilient attitude. For that, we analyzed 
some scientific papers considered relevant by the academic community. In this work we follow an analytical 
flow seeking to conceptualize resilience and situate it in the context of complex systems. This analysis allowed 
the discovery of some characteristics regarding resilience, fundamental for the proposition of the presented 
dimensions. Finally, we present a conceptual map that brings together the elicited dimensions. 

Keywords 

Complexity, Complex Systems, Emergency, Resilience, Information integration, Information system, Systems 
integration. 

INTRODUCTION 

The chaos theory is a component of complexity theory and its main foundation is to seek for patterns in behavior 
of complex systems, so named for being able to respond disproportionately to any minimal change in one of its 
initial conditions. This fact shows both the non-linear character and the unpredictability present in these systems 
(McBride 2005). 

This theory, mainly due to its transdisciplinarity, has been influencing the way in which the organizations are 
seen by the researchers, since these have similar characteristics to those observed in chaotic or complex systems. 
In this way, organizational phenomena, from a broad perspective, including the urban environment, have come 
to be understood in the light of this theory. 

In order to ratify the complexity encapsulated in the concept of "organizations", it should be mentioned 
Maturana & Varela (1987), where an organization is detailed from a biology perspective and emphasizes the 
value of the relationships that make up as integral parts of certain real world objects. In fact, for an object to be 
known it is necessary to recognize the relations between its components, and this recognition process (implicit 
or explicit) beyond universal, constitutes a basic cognitive act based on the generation of classes of objects from 
the relations between its components, so that the object can be classified in a certain class. Therefore, it is 
relatively easy to point to a given organization by indicating the objects that make up a given class, but it can be 
complex and difficult to describe accurately and explicitly the relationships that make up the organization.  

It should be noted that complex systems maintain a continuous and complex interaction not only with their 
environment, but also among their components. From this interaction emerge feedback actions capable to trigger 
mechanisms of self-organization as a way of ensuring the system to absorb not only the environmental impacts, 
but also their possible internal conflicts. Therefore, the capacity of self-organization occurs through the 
execution of a set of adaptive actions, which have close connection with the concept of resilience. 
Complementarily, the increasing complexity of social relations highlights the need to emphasize studies related 
to the interdependence between systems related to urban infrastructure. In this context, it is important to mention 
the importance of cooperation and information sharing between governmental and private sectors, since a 
significant part of critical infrastructure systems are in private hands (Pederson et al. 2006). 

 Resilience is a concept applied in several areas of knowledge, such as psychology, physics, mathematics, 
engineering, computing and others. It is understood generically as the ability of a body to return to its original 
form after suffering a certain concussion. Recently, this concept began to be applied in urban centers in order to 
contribute to the sustainability of the cities in the face of potential threats. In this regard two important concerns 
arises: the absence of uniformity in the definition of resilience and the lack of metrics to measure resilience in a 
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given context. 

This work presents an exploratory study aimed at enunciating dimensions capable of validating metrics to 
evaluate the application of resilience in response to a given event. For this purpose, we considered urban centers 
as a complex reference system. 

This paper is structured as follows: Session 2 describes and contextualizes resilience and presents the 
dimensions; Session 3 presents the conceptual map containing the dimensions. The last section shows some 
comments and final considerations. 

THE RESILIENCE AND ITS DIMENSIONS 

Urban centers are undoubtedly considered as a living, pulsating complex system and from an organizational 
perspective are born in a certain place and have their own structural dynamics, where it is possible to distinguish 
two independent structures: the organization itself and its environment (Maturana and Varela 1987). The authors 
emphasize that the modifications are triggered by the disturbing agent, but determined by the structure of the 
disturbed system. Consequently, the environment and the organization in observation act as mutual sources of 
disturbances and trigger mutual changes of state. Additionally, it is important to cite the existence of a gap 
between the long-term disaster recovery purpose and the current implementation practice. This gap is motivated 
by the fact that the nature of the disaster recovery process changes over time. Initially it develops from a 
complicated set of interrelated, urgent but essentially predictable problems in the short-term response phase, 
culminating in a typical problem of complex systems (Blackman et al. 2016). Therefore, the maintenance of 
organizations depends on the compatibility between the organization and its environment and from this 
interaction emerges the concept of adaptation. However, this adaptive behavior is closely related to the concept 
of resilience. As Béné (2013), resilience results from the synergy between three capacities: absorption, 
adaptation and transformation. These capabilities operate with different intensities in order the system graduates 
its response to shocks and stresses. It should also be noted that the transition from absorptive resilience to 
adaptive and transformative resilience has an increasing cost and the risk assumed by the system also increases. 
Figure 1illustrates these three capacities depending on the type of response regarding the intensity of the shock. 

 
Figure 1 – Conceptualization of resilience in relation to its constitutive elements - Source: (Béné 2013) 

It is inappropriate to dissociate resilience in urban centers from the resilience of individuals. For that matter, 
today both individuals and organizations seek flexible behavior as a way to deal with their respective 
environments. That is, bureaucratic rigidity and blind routine are rejected and workers are encouraged to be 
agile, innovative, to take risks continually and actively engaged in problem solving through collaborative 
activities carried out in teams or semi-autonomous groups. This set of attributes requires workers to be 
constantly concerned with educational and professional improvement, as well as demanding changes in their 
psychological processes, leading them to innovative and resilient attitudes. In addition, it is important to note 
that resilient actions are dynamic. That is, successes experienced in the face of certain situations strengthen the 
competence to deal with future adversities. Therefore, the object of action becomes a relevant dimension 
capable of qualifying resilience and unfolds in: resilience in the individual and social resilience, the latter 
covering cities, companies, organizations, communities and other social groups. 

Indeed, resilience has become a central theme in the definition of security policies at the most diverse levels of 
the social structure. Governments, organizations, communities and individuals are increasingly concerned with 
developing a set of competencies that can restore their balance state in response to likely disruptive events. This 

458



Rubim et al. Resilience and Its Dimensions 
 

WiPe Paper – Resilience Engineering and Management 
Proceedings of the 14th ISCRAM Conference – Albi, France, May 2017 

Tina Comes, Frédérick Bénaben, Chihab Hanachi, Matthieu Lauras, Aurélie Montarnal, eds. 

desired competence is translated into actions to be performed by each component of the given system and, 
above all, must be interpreted based on three fundamentals with harmonic performance, according to table 1. 

Table 1 – Foundations for the exercise of competency – Source: The authors 

Foundations Description 

Knowledge Concerns the knowledge needed to support the 
decision-making process to deal with the 
particular disturbing event. 

Ability Refers to the option for the best strategy of action 
to face the disturbing event. 

Attitude Refers to the option for the most appropriate 
moment to operationalize the resilience strategy. 

However, Longstaff et al.  (2010) state that the daily lives of individuals and organizations revolve around 
complex systems over which they have little or no control, such as transportation system, electrical system, 
communication system, and others. In addition, the inherent efficiency required by current complex systems 
tends to reduce their resilience because redundancy and diversity are discouraged. Another important point is 
that few complex systems are designed considering resilience as a project requirement. Therefore, it is 
acceptable to assume that the ability of these systems to recover after a traumatic event has a direct impact on 
the recovery capacity of a given organization. Thus, the complex systems that make up the infrastructure of 
urban centers acquire unquestionable relevance in the response to disastrous events. 

In fact, resilience is a concept widely debated by researchers from the most diverse areas of knowledge; 
however, there is still no precise definition for this concept, its attributes and also how to operationalize it in the 
most diverse domains. In summary, the greatest theoretical challenge lies in integrating the multidisciplinary 
aspects embedded in resilience (Jabareen 2013). At that moment, another qualifying dimension is evidenced, in 
relation to resources demanded and consumed in the process of resilience: internal or external to the system. 

Also, according to Longstaff et al. (2010) there has recently been a shift in focus that redirects research interest 
to investigate aspects of resilience related to a system's ability to anticipate a particular unwanted event. 
Consequently, resilience would be understood as a combination of (proactive) prevention activities coupled with 
activities in response to traumatic (reactive) events, in order to preserve and/or rehabilitate the fundamental 
functions that characterize the system. Ratifying this understanding, Boin & Eeten (2013) typify resilience by 
two elements: (1) after the occurrence of a traumatic event (2) the organization manages to recover acceptable 
levels of normality. The first element emphasizes that the disturbance may supplant the absorptive capacity for 
which the system was designed. While the second element unfolds not only in the system recovery, but also in 
the system's ability to emerge more strengthened from the disturbing event. As a result, resilience can be 
considered from two perspectives: precursor resilience that combines the system's ability to accommodate 
changes or the ability to absorb shocks smoothly and the resiliency of recovery that combines the abilities of the 
system to respond to events in a singular and unique way. Therefore proactive resilience has a conceptual 
similarity to precursor resilience, as well as reactive resilience with resilience of recovery. These similarities 
suggest the existence of another beaconing dimension of resilience, as for the way of application: proactive or 
precursor and reactive or recovery. 

It should be noted that resilience can cause different behaviors in each of the components of the system. 
Eventually one component may assume functions of another, perhaps more affected by the traumatizing event. 
Thus, the system maintains its functional characteristics, despite the internal redistribution of functions. This 
fact evidences the importance of the system to keep track of the degree of criticality of each of its components 
as a way of identifying which of them could be discarded without the system losing its main functions. A 
continuous measurement of the state of each of its components and the interactions between them is therefore 
necessary. In this way, the creation of indicators to measure resilience becomes an activity of high importance, 
since these indicators, besides being one of the main resources to subsidize definitions of priorities in the 
planning activity, are also fundamental for the decision making process. Moreover, it is important to emphasize 
that the indicators reveal not only the relative position of the phenomenon under measurement and evaluation 
over time but also the direction and magnitude of the change (Cutter et al. 2010). However, these measurements 
are not trivial because they imply cost increase and are deeply dependent on the possible disturbing event, 
although the authors assert that independent metrics are ideal (Béné 2013). 

Figure 2 presents the resources considered relevant in the development of resilient communities. The robustness 
resources cover the objects, conditions, characteristics and energies available to the population. On the other 
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hand, adaptive capacity concerns the abilities of individuals and groups to maintain a memory of their 
experiences and to be able to learn from this past by deriving innovations and improving interaction not only 
between the components but also with the environment in order to improve the lessons learned and the capacity 
for self-organization or reorganization (Longstaff et al. 2010). These considerations, complemented by Figure 1 
reinforce the idea that resilience can also be dimensioned according to its strategy of action: absorption, 
adaptation or transformation. 

Organizations undoubtedly use all their resources to nullify or reduce risks to their permanence in the market 
(environment). For that, it is necessary to monitor not only the dynamics of the environment but also the internal 
dynamics of the organization. In this way, strategic planning is seen as one of the main instruments guiding 
corporate actions, because it prescribes the initiatives to be carried out in certain circumstances with the aim of 
leading the organization in the direction of its strategic mission (future). Nonetheless, Davoudi et al. (2012) 
introducing the concept of evolutionary resilience informs that some complex systems may change over time, 
with or without external disturbances. In this respect, resilience is not conceived as the return to normality, but 
rather in the ability of the system to change, adapt and transform itself in response to stresses and tensions, 
reaching a new stage of equilibrium. Therefore, evolutionary resilience proposes a new interpretation for the 
concept of resilience, since it recognizes that the seemingly stable state we see around us in nature or society 
(environment) can suddenly change and become something radically new, with characteristics that are deeply 
different from original. Thus, the behavioral history of the system is no longer a reliable indicator to predict 
future behavior, even if in similar circumstances. This perspective challenges the adequacy of conventional 
planning in extrapolating the past in order to assess future trends, reduce uncertainties or future risks. 

 
Figure 2 – Aspects of Community Resilience – Source: (Longstaff et al. 2010) 

The model presented in Figure 3 illustrates the four distinct phases of changes in both the structure and 
functions of a complex system: growth or exploration, conservation, liberation or creative destruction and 
reorganization. The first cycle concerns the emergence, development and stabilization of the structure and 
functions of the system, while the second cycle refers to possible rigidity and decline, while at the same time the 
system opens up to new and unpredictable possibilities. This implies a cyclical process in which the ripening of 
systems leads them to reduce their resilience and they become "an accident to happen". When the system 
collapses, a window of opportunity opens with new configuration alternatives. It is important to emphasize that 
turning a crisis into an opportunity requires a great deal of preparation and maturity, which depends on the 
ability to imagine future alternatives. Thus, planning means preparing for an innovative transformation in time 
of continuous and unpredictable changes. Therefore, this process encompasses the concept of resilience because 
the act of planning must be based on a systemic interpretive perspective of the reality of both the organization 
and the environment as a way to obtain the best set of actions aiming at the adequacy of the organization to that 
new configuration of the environment. Thus, to be resilient in the urban context is to act in a preventive way so 
that shocks bring the lowest possible risk to the city. In fact, it is the constant learning that makes the city and its 
citizens less fragile, since each shock leads to the incorporation of new learning. 
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Figure 3 - The panarchy model of adaptive cycle - Source: Davoudi, et al (forthcoming) adapted from 
Holling and Gunderson (2002, pp. 34–41) and Pendall et al (2010, p. 76) 

In fact, public policy can be more effective if it is geared toward improving system resilience and reducing its 
vulnerabilities. Therefore, planning is seen as a complex activity that incorporates interpretations not only about 
the system under analysis, but also about the environment, in order to identify the best way to guide the system 
to the desired path in a context of uncertainties. Therefore, it is inevitable to register another dimension for 
resilience, with respect to the predictability of the event: planned or unplanned. 

From the point of view of the individual, Grotberg (1995) states that resilience is a universal capacity that allows 
a person to prevent, minimize or overcome the adverse effects of adversity. In this way it is necessary a series of 
abilities that the individual develops during its growth and is based on three sources, as shown in the Table 2.  

Table 2 – Sources of resilience – Source: Adapted from (Grotberg 1995) 

Element Description 

I Have 
Represent external supports and resources that promote 
resilience, such as: reliable relationships, structure and stable 
social rules, incentive to act with autonomy, and others. 

I am 

Represents the internal factors to the individual and the 
internal forces (feelings, attitudes and beliefs) that provide the 
resilient attitude: kindness, empathy, altruism, self-esteem, 
and others. 

I can 

It represents the social and interpersonal characteristics, such 
as: communication, interaction in solving problems in 
society, managing impulses and feelings, seeking reliable 
relationships. 

These resources act continuously and with different intensity in the individual. On the other hand, the feedback 
process triggers adjustment reactions to possible nonconformities resulting from the interaction of the individual 
with its environment. In short, education assumes a preponderant role in all this dynamics.  

In these terms, resilience is a psychological process that seeks to balance risk factors with protective factors; 
since the balance between: stressful events, threats and adverse conditions that lead to vulnerability and, on the 
other side, the forces, skills, capacity for reaction and coping, that make up the individual invulnerable or 
resilient. 

THE CONCEPTUAL MAP OF DIMENSIONS 

An analytical environment is fundamental to support the decision-making process. For this, it is necessary to 
specify dimensions in order to delimit metrics generated in function of certain facts of the real world. In this 
way, the dimensions cited above are represented in blue on the presented conceptual map shown in Figure 4. 
These dimensions act together in the recovery of the system. Thus, this fact suggests that any future private 
study should be delimited from a combination of these dimensions. It should be noted that the resilient behavior 
is closely related to a certain event. Thus, the strategy for a resilient behavior is defined by the system as a 
function of this motivating event. 
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Figure 4 - Dimension map for complex systems – Source: The authors 

The "Resource" dimension informs the source of the resources applied by the resilient action and can assume the 
values: Internal or external to the system. It should be noted that in some situations, systems require external 
resources to perform resilient actions. 

The “Strategy” dimension characterizes the behavior of the system in resilient actions and can assume the 
values: absorption, adaptation or transformation. It is interesting to note that some components of the system 
may adopt different strategies or even change their strategy depending on the intensity of the impact caused by 
the disturbing event. 

The “Way of application” relates to the moment when the resilient action was executed and can assume the 
values: proactive or reactive. The proactive resilient behavior concerns the system's attempt to anticipate the 
disturbing event and thus reduce or even nullify the impact of that event.  On the other hand, the reactive 
behavior is triggered after the occurrence of said event. 

The “Object of action” dimension informs if the resilient action was executed by an individual or a certain 
society. It is intuitive to think that a set of resilient individuals forms a resilient society, but this relationship is 
not linear. 

The “Planning” dimension informs whether the disastrous event was planned or not. It should be noted that the 
actions and events foreseen in a planning are directly related to proactive resilience, since the plan means an 
attempt to anticipate a particular event of interest. 

Finally, it is fundamental to emphasize that the feedback and reorganization dynamics have a strong influence 
on the way in which these dimensions will act in the recovery of this particular system. 

FINAL CONSIDERATIONS 

It is true that research on resilience has been intensifying in the most diverse areas of knowledge and this fact 
expands the possibilities of new research approaches. Nevertheless, there are still complex issues such as: What 
properties should complex systems stimulate to reinforce resilient actions? Are organizations composed of 
resilient people also resilient, since as relationships are non-linear?  

Different forms of resilience require different profiles, structures or processes. In addition, the relationships of 
the complex system with its environment increasingly appear to be a crucial point in the final results of a 
resilient attitude where individuals are the main key. 

It seems to be a consensus that a good interpretation of the facts is fundamental characteristic for both resilient 
organizations and resilient individuals. That is why, any research initiative will be welcomed in order to 
improve and measure the various hypotheses of interpretation of the facts. Thereby, the dynamics of scenario 
analysis is an important resource to be explored by the scientific community. 

Finally, this work presented an exploratory study aiming to define a set of dimensions capable of delimiting 
metrics designed to measure the resilient behavior in the face of a certain disastrous event. The authors intend to 
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proceed with the study on metrics and dimensions capable of measuring resilient behavior. Consequently this is 
the beginning of a long journey. 
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