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The Dynamics of Disaster Recovery:
Resilience and Entropy in Earthquake
Response Systems

Louise K. Comfort”

Abstract; Disaster recovery involves a dual dynamic in communities exposed 1o recurring risk. First, there
is a strong mobilization of effort to build resilience to risk in the immediate aftermath of disaster. This effort is
soon countered by a second dynamic, entropy, as the urgency and interest in risk reduction fades after the
damaging event, and daily concerns of the community intervene to demand attention and action. The challenge
for policy makers and disaster managers is to achieve a balance between these two dynamics—resilience and
entropy-—in order to achieve sustainable risk reduction. This pattern can be observed over three decades in
cities and communities exposed to seismic risk. 1 examine briefly the patterns of resilience and entropy that
occurred following six earthquakes over three decades. The six earthquakes include: Mexico City, 1985;
Northridge, California, 1994; Kobe. Japan, 1995; ChiChi, Taiwan, 1999; Gujarat, India, 2001, and
Wenchuan, China, 2008. 1 conclude that well-designed information technology can facilitate the processes of
information search, exchange. and organizational learning essential to maintain resilience and reduce entropy.
It is a tool that communities can use to increase their knowledge of risk and to inform prudent actions for risk
reduction against future threats.

Key words: resilience, entropy, disaster recovery, information technology, sustainable risk reduction

1. The Paradox of Disaster Recovery

The calls for “lessons learned” are widely heard following any disaster. Yet, the
challenge of transforming the bitter experience gained from one devastating event into
improved performance in response to the next threat is not easy. In the aftermath of
disaster, changes are enacted in public policies and procedures to protect the damaged
community from future threats. After action reports review operational performance and
identify “lessons learned. ” Investments are made in new equipment and training to increase

capacity of response organizations; disaster preparedness programs are initiated to inform the

* lLouise K. Comfort. Professor and Director, Center for Public and International Affairs, University of Pittsburgh.
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public in a concentrated effort to reduce disaster risk. Yet, over time, interest and action in
disaster preparedness wane. Changes in resources, personnel, technologies, and
organizational priorities shift the focus of the community away {rom risk reduction, and the
community lapses into patterns of inaction and inattention that leave it vulnerable again to
known threats.

This pattern represents a dual dynamic that can be observed in communities that
experience disaster. It occurs repeatedly, frustrating those who seek lasting improvement in
the capacity of communities to manage known risk. First, there is a strong mobilization of
effort—by public, private, and nonprofit organizations—to build resilience to risk in the
immediate aftermath of disaster. This effort is soon countered by a second dynamic,
entropy, as the urgency and interest in risk reduction fades after the damaging event (Tong,
2008), and daily concerns of the community intervene to demand attention and action. The
challenge for policy makers and disaster managers is to achieve a balance between these two
dynamics - resilience and entropy - in order to achieve sustainable risk reduction.

Achieving an appropriate balance between resilience and entropy in any given community
requires a systematic exploration of both dynamics. It is especially difficult to find this
balance following earthquakes, which occur in any given location every 40 to 60 years for
moderate events, and every 90 to 150 years for severe events. Such time spans are off the
planning eycles for most governments that operate on annual budget cycles, or at the most 5
to 10 year planning cycles. Yet, major earthquakes occur with observable regularity around
the globe, allowing inquiry into this dynamic to be done in a comparative {ramework. This
approach requires analysis of the response and recovery processes following earthquakes in
different locations and different nations. This is not trivial, as the degree of preparedness,
response, and recovery differs among nations with different levels of economic development,
technical advancement, policy and organizational practices, and cultural norms regarding
risk. For this study, I examine briefly the patterns of resilience and entropy that occurred
following six earthquakes over three decades. The six earthquakes include: Mexico City,
1985; Northridge, California, 1994; Kobe, Japan, 1995; ChiChi, Taiwan, 1999; Gujarat,
India, 2001, and Wenchuan, China, 2008.

In this analysis, I explore the conditions that foster community resilience to disaster
events, and examine the degree to which changes implemented in policy and practice after a
damaging event enable a community to reduce risk from subsequent threats. Further, I seek
to identify the indicators of entropy that inhibit organizational action following disaster,
limiting innovations in policy and practice that may have been initiated immediately after the
disaster event. In this preliminary exploration, 1 am seeking to document the recurring

patterns of resilience and entropy following major disasters.
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2. Resilience to Disaster Risk

The call for communities to develop “resilience” in disaster has taken many different
forms. In an earlier study, we defined resilience as the “capacity for collective action in
response to extreme events” (Comfort, Boin, and Demchak, 2010). These events may be
sudden and urgent, as in earthquakes or explosions, or they may be slower onset events such
as hurricanes or floods., The focus in reference to either type of event is on building
awareness of the risk, sharing knowledge of threatening conditions among responsible
organizations, increasing flexible options for adaptation to potential danger, and developing
capacity for self organization at individual, organizational, and community levels of action.
This concept of resilience depends upon ready access to information and the capacity of
responsible actors to engage in timely search and exchange of information regarding
threatening events. Resilience assumes a process of continual review, reflection, and
redesign of actions taken in a changing environment; it means the capacity to update
information and correct error as new information emerges from interactions among actors
operating in dynamic conditions. Most importantly, resilience relies on the human capacity to

learn and to act on valid information.

3. Social Entropy in Disaster Response

Social entropy derives from the concept, first identified by Enrico Fermi as the Second
Law of Thermodynamics (Fermi 1956) that describes the dissipation of energy in an
operating system over time. If we consider a set of emergency organizations engaged in
coordinated activity to achieve the common goal of restoring a community to functional
operations following a disaster as a ‘system’ of interdependent actors, the same concept of
energy infusion and diffusion applies. The operation of an organizational system of actors
also depends upon an influx of ‘energy,’ where energy in social organizations is construed as
the flow of information and resources that enables the actors to make decisions, allocate
resources, and take actions to address a common problem or to serve a shared goal. The
‘state’ of the social system undergoing change can be defined by essentially the same classic
equation, f(p,V,t)=0 (Fermi 1956) in which the state of the system is a function of the
pressure, volume, and temperature of heat, or energy that is driving the system. In the
social context of a disaster environment, the ‘state’ of the response system can be defined as
a function of p, pressure of time x V, volume of demands made upon the system, x t,
defined in physics as temperature, but in response operations as performance of the system in
meeting the volume of demands within given constraints of time and resources.

By adapting the concept of entropy developed to measure changes in the state of
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performance of physical systems to measure similar changes in the state of performance of
organizational systems, we are able to assess more accurately the capacity of communities to
manage risk. More importantly, we are able to identifly the threshold points at which fresh
‘energy’ in terms of information, resources, and attention may need to be injected into
operating emergency response systems to enable them to maintain their performance without
slipping into significant dysfunction or ‘phase change’ in their capacity to manage risk. If we
can model these dynamic interactions among component organizations in actual disaster
response systems, we may gain insight into the steps needed to maintain response
organizations for communities exposed to fluctuating levels of risk.

In summary, the concept of social entropy acknowledges the shift in attention and action
in a disaster response system as other issues and actors enter the system, scattering the
common focus on risk reduction, and triggering other types of interaction among the
participating organizations. These entries into the system after a disaster event are part of
the ongoing flux of operations in any community. Nonetheless, they increase the degree of
heterogeneity and complexity within the system, and disperse the amount of energy that can
be focused on disaster risk reduction. Like operating physical systems, however, this pattern
of dissipating energy and slackening performance can be altered by ‘negative entropy,’ that
is, a fresh injection of energy into the system. In an organizational system, negative entropy
would be measured by the reverse of the components of entropy; that is, by actions that
would reduce time pressure upon organizations, additional resources that would ease the
demands placed upon the existing system, and increased information that would improve the

performance of the system at given intervals or locations.

4. Measuring Change in Disaster Response Systems

Identifying the key parameters of resilience and entropy in actual disaster response
systems requires a careful assessment of the region at risk before a disaster occurs, This task
involves building a knowledge base of the existing organizational structure, policy processes,
technical infrastructure for communication, coordination, search and exchange of
information, as well as exposure to risk. This assessment provides a baseline for measuring
resilience, as it outlines the existing capacity of a community to manage the risk to which it is
exposed.

The second component of this assessment is to identify the parameters in the system that
can or will vary under threat of disaster. These parameters include the: 1) number of
potential actors in the response system (public, private, and nonprofit); 2) degree of
heterogeneity among those actors in terms of access to resources, training, and prior
experience in disaster response; 3) number of demands placed on each actor; 4) time

pressure for action; 5) delay in completion of actions requested; 6) policy or procedural



