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ABSTRACT

Available online at: http://www.iiees.ac.ir/jsee

This paper offers a working definition of resilience and associated concepts, includ-
ing vulnerability to earthquakes, coping, capacity and redundancy. It concludes
that resilience must be set in motion and maintained by a collective effort that
involves all stakeholders and people who are at risk. The paper offers ten sugges-
tions for action in order to create a methodology for resilience against earthquakes.
They are as follows. Tell people what to do in an earthquake. Develop urban search
and rescue capacity on site. Reduce non-structural as well as structural hazards.
Plan flexibly and make emergency planning a process, not an end. Create networks
that can improve the exchange of knowledge, information and training. Encourage
governance by involving different stakeholders in earthquake disaster risk reduc-
tion. Make good practice proliferate and adapt it to local circumstances. Ensure
that programmes of disaster risk reduction are sustainable in the long term. Before
the next major seismic event occurs, create a strategy for recovering from it. Create
a culture of resilience against earthquakes, in which the problem is widely under-
stood and taken seriously by people who are at risk or are in positions of authority.
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1. Introduction

1.1. On the Definition of Terms

The term resilience, or resiliency, had its origins
in developments about a century ago in the field of
mechanics and materials testing [1]. A resilient ma-
terial has enough rigidity to resist an applied force
and also sufficient flexibility to absorb part of the
stress. The concept was taken up in the 1960s by
ecologists [2] and later by psychologists [3]. In the
2000s, it began to be widely applied to the field of
disaster risk reduction (DRR). By analogy with
mechanics, a resilient society is one that is simulta-
neously able to resist the impact of disasters (i.e. avoid
a certain amount of harm and damage) and absorb it
by adapting to the hazard [4].

Resilience in DRR interacts with the concepts of
coping, capacity and capability [5]. A society that is
resilient to hazards has developed its ability to cope

with them. This involves both direct prior prepared-
ness and setting aside resources against future losses
(i.e. capacity). Formally, the latter can be achieved
by insurance (the maintenance of a pool of money to
reimburse people who suffer loss) and by creating
redundancy, the provision of duplicate resources,
services and procedures [6]. As redundancy is
expensive, and because it can tie up resources that
are seldom used, it is not usually one of the favoured
options, but when a major event takes place it can
become a very precious safeguard.

The sum of resilience, coping and capacity is the
inverse of vulnerability [7]. In the present context,
this refers to the propensity of human socio-economic
systems to suffer harm as a result of major hazards.
Vulnerability is the dominant component of risk and
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both are difficult to measure because they are innate
phenomena. Like friction, vulnerability is only
mobilised when a hazard strikes. By the time it is
recognised and can be investigated, it has already
become impact, its post hoc form. In disaster research,
there is a developing consensus that the protection
of lives and livelihoods (i.e. gainful employment) is
the key to reducing vulnerability and increasing
resilience [8]. It has also become apparent that
vulnerability is composed of many factors, as
summarised in Figure (1). The components interact
and influence each other.

2. The “What?” and “How?” of Resilience

The axiom that “resilience is needed against
earthquakes” requires qualification in order to
ensure that it does not lead to an indiscriminate
approach. Priorities need to be established so that
resources are not wasted. In general terms, these
should be to reduce loss of life, care for the injured,
limit damage and provide conditions for rapid and
effective recovery, including the timely provision of
shelter to people who have lost their homes. Given
the propensity of earthquakes to cause mass fatali-
ties [9], the largest emphasis should be given to

effective (including cost-effective) measures to
reduce loss of life. In this context, resilience must
be created and maintained by collective effort. All
members of society are stakeholders, and all should
be involved in the process of making conditions
safer. This requires mechanisms of consultation and
social inclusion, which thus contribute to the process
of governance, government by active consensus
[10].

As building collapse is widely known to be the
principal cause of death and injury in earthquakes,
it follows logically that one of the greatest strategic
priorities should be to make buildings less susceptible
to catastrophic damage by enforcing good building
codes, retrofitting pre-code buildings and banning
unsafe development [11]. Note, however, that non-
structural damage within and around buildings is an
important secondary source of injury [12].

Specialised search and rescue are likely to be in
short supply during a major seismic event. However,
little is known about the impact of this on rates of
survival in collapsed buildings, except that it is
potentially high [13]. Moreover, little is known about
the impact of immediate response by untrained,
unequipped people, who are often the only ones on

Figure 1.  An explanatory classification of vulnerability to hazards and disasters. Source: MOVE Project, www.move-fp7.eu.
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site when rescue is needed. Evidence from the
Mexico City earthquake of 1985 suggests that
amateur rescue in collapsed buildings can be highly
dangerous [14], unless it is complemented by training
and the provision of safety equipment.

Resilience means a safe environment, but if it
cannot be achieved in any reasonable future time
period, people should at least be encouraged to learn
self-protective modes of behaviour.

3. A Strategy to Encourage Self-Protective
Behaviour in Earthquakes

If buildings cannot be made safe enough to
withstand earthquakes, can occupant behaviour be
modified in such a way as to minimise the risks of
being crushed or entrapped when a disaster occurs?
Unfortunately, despite decades of research on the
epidemiology of earthquakes, there is still a lack of
knowledge of types of injury in relation to patterns
of building collapse and occupant behaviour, and
thus of risk factors in particular situations [e.g. 15].
Nevertheless, it would be useful to develop a
methodology that will form the basis of a strategy
to react better to earthquakes when they occur.

The first step is to know the level of seismic
risk and what it is capable of doing. This involves
predicting magnitudes, recurrence intervals, maxi-
mum accelerations of the ground and other variables

Figure 2. Characteristic pattern of damage in a multiple-storey condominium building affected by the L'Aquila, central Italy earth-
quake of 6 April 2009..

that influence the performance of buildings and
structures. It also involves developing an unders-
tanding of the seismic performance of typical
buildings in the local area. In many architectural
environments, this may be relatively easy to achieve
at a basic level. For instance, the L’Aquila
earthquake of 6 April 2009 in central Italy led to
characteristic patterns of damage to vernacular
housing that involved only two main types of build-
ing: one in stone masonry and one in reinforced
concrete [16]. An example of how lack of stiffness
in a frame structure leads to a concentration on
mid-floor damage is given in Figure (2).

The second step is to create scenarios of impact
and damage and relate them to patterns of human
activity and occupancy of buildings and built envi-
ronments that are at risk from seismic events. There
are essentially five levels of risk to people, in relation
to seismic damage levels.
1. Damage level: [1] minimum damage to walls,

fitments and furniture.
Personal risk level: prudent behaviour will
minimise risks.

2. Damage level: [2] significant damage to struc-
tures, cladding and fitments.
Personal risk level: significant risk of injury but
not of death.

3. Damage level: [3] general damage and collapse
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of architectural elements.
Personal risk level: significant risk of injury but
relatively low risk of death.

4. Damage level: [4] serious damage or partial
collapse of building.
Personal risk level: strong risk of injury and sig-
nificant risk of death.

5. Damage level: [5] collapse of more than 50% of
the structure.
Personal risk level: limited and mainly unpredict-
able probability of survival.
Whereas little can be done to save people caught

in the total collapse of a structure, the previous four
levels involve degrees of criticality in which behaviour
will influence the probability of being injured (levels
1-4) or killed (levels 3-4).

The procedure for enhancing self-protected
behaviour is thus as follows. First ascertain the
characteristic patterns of seismic damage and trans-
form them into simple models that are applicable to
significant proportions of buildings in a given urban
area. This will help explain how people are put at
risk. It is helpful if such buildings can be mapped
for emergency planning purposes so as to show
where the greatest vulnerabilities lie. It is also useful
if the level of vulnerability to damage can be ascer-
tained for each building by structural engineers.
This is seismic microzonation.

Secondly, survival strategies need to be worked
out. These should be communicated to residents
and building users, who should be encouraged to
plan for an emergency situation. The survival strat-
egy could consist of the following parts.
1. Identify the safest part of the house with regard

to the following risks:
l Fall of tiles or collapse of the entire roof;
l Instability of the façade and cornices;
l Potential collapse of the stairs during egress;
l Detachment of beams and risk that they will

batter down the building;
l Use of heterogeneous materials giving rise to a

complex seismic response.
2. Avoid risky behaviour;
3. Create an exit strategy:

l Identify a safe place to reach near to the house;
l Identify the most dangerous parts of the house

and how to avoid them.
4. Create a mutual support network of friends, rela-

tives and neighbours.

5. Collect and store useful equipment:
l Train family members and test the reaction

plan.
For example, in many cases façades that are

badly anchored to the structure of the building can
collapse, or at least elements of them can detach
during the shaking and fall into the street. At the
same time, stairways are often the least stable part
of the building, especially if they are inadequately
suspended from floors and load-bearing members.
They may collapse during the tremors. Hence, it
may be highly inappropriate to rush out into the
street until the hazards of doing so have been
properly assessed [17].

Ideally, a programme of resilience against earth-
quakes should accumulate information and expertise
about possible damage and potential reactions of
people caught in major seismic events. There is also
some scope for pre-emptive planning of search and
rescue, especially if it is known where, characteristi-
cally, people are most likely to be trapped when a
certain kind of building collapses [18].

4. Ten Suggestions for Increasing Resilience to
Earthquakes

The previous section offered a rather limited
strategy for improving survival rates in earthquakes.
This should be part of a much broader initiative to
save lives, reduce damage and injuries and increase
society's resilience in the face of the seismic threat.
There follow ten suggestions about how to achieve
this.
1) Tell people what to do during an earthquake. As

noted in the previous section, the biggest risk
tends to be when people are at home in vulner-
able vernacular housing, especially at night when
they are sleeping. There is a need for authorita-
tive knowledge on the best self-protective
behaviour, and for a methodology to assess risk in
vernacular housing and other kinds of accommo-
dation.

2) Develop urban search and rescue (USAR) capa-
bilities on site. One of the great tragedies of
major earthquakes is that USAR capacity often
comes from thousands of kilometres away and
does not arrive until 36-72 hours after the
earthquake. Typically, between 1,200 and 2,300
rescuers from up to 50 different countries may
converge on the disaster area in this way [19].
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Instead, USAR capacity is needed immediately,
and in all cases before 12 hours have elapsed.
Hence, stockpiling of simple equipment (ladders,
ropes, flashlights, loud-hailers, reflective garments,
hard hats, first-aid medical supplies, etc.) in local
neighbourhoods and training local people to
constitute their own rescue groups can achieve
much. However, people must be trained to avoid
the risks associated with urban heavy rescue and
to understand the nature of earthquake injuries
and how they should be treated by basic life
support (first-aid) procedures.

3) Reduce non-structural as well as structural
risks. Many of these are internal to buildings,
although some, like collapse of signage, are
external. Many non-structural risks can easily
be assessed and remedied, often by a small
amount of work securing items to structural
members with screws, bands and other anchors.

4) Plan flexibly. Planning should be a process not an
end in itself: in fact, the planning process is
often more useful than the product (the emergency
plan), as it tends to identify and highlight
problems that need to be solved. Plans should
cover all risks and should allow for multiple and
secondary hazards. They should use scenarios of
impact, response and recovery, as this is the best
way of investigating what is likely to occur in a
major emergency. Scenarios are flexible investi-
gations of possible alternative futures: rather than
being a predictive device, the scenario is a means
of understanding cause and effect relationships,
and of ascertaining future needs.

5) Create networks. These need to be built at all
scales, from international collaborations of experts
to local and area networks of responders and
residents. The presence of support networks
helps keep the issue of seismic safety current
and ensures that people do not feel alone. It
helps disseminate information and promote
learning and information sharing [20]. Networks
may be efficient means of diffusing innovation to
people who can benefit from it. They create a
benign form of disaster subculture, which contrib-
utes to social solidarity.

6) Encourage governance. This can include promot-
ing stakeholder involvement and personal
disaster planning. Few people have their own
disaster plans, or any idea as to what they and

their families would need to do in a disaster
situation. Yet, it need not be so. Governance for
seismic risk reduction is both a national and a
local matter, but as the local area is always the
theatre of disaster impact and response, it is the
main foundation of all governance devoted to
resolving this issue. Moreover, one needs to
understand and work with local culture, as this
will facilitate the acceptance of new ideas and
strategies.

7) Make good practice proliferate. The networks
can be used to ensure that this happens. Although
there is really no such thing as best practice, as
circumstances differ from one place to another,
good examples can be adapted to new areas, and
research results need to be utilised.

8) Ensure programmes are sustainable. For this to
happen, the programmes need to have full
support from stakeholders in all branches of
civil society. One recurrent problem is that
while it is relatively easy to induce public admin-
istrators to authorise one-off payments (i.e.
capital expenditure), they are less happy with
recurrent spending (i.e. revenue expenditure).
Nevertheless, this is necessary, as salaries have
to be paid and programmes need to benefit from
continuity of funding. Hence, disaster risk reduc-
tion needs to be considered as a fundamental
everyday service, as essential as waste treatment
and electricity supply, and as well funded.

9) Create a post-earthquake policy and strategy
before the next major seismic event. Few public
administrations have been innovative enough to
plan for recovery before disaster, although the
disaster researcher Harold Foster described
some such examples of that as long ago as the
1970s [21]. Nevertheless, although the full details
of what will be needed cannot be known before
the event, the basic lineaments of recovery are
likely to be clear in advance. There should thus
be a plan for the provision of shelter, and a
strategy for safeguarding livelihoods and thus
promoting economic recovery.

10) Create a culture of resilience against earthquakes.
This involves a social programme of information
and discussion that brings resilience into the
mainstream of daily life. People need to be
induced to believe that although natural hazards
do not strike every day, they are a constant threat
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to lives and livelihoods and there is a common
responsibility to face up to that threat. It helps
to be able to answer the question “what is
welfare?” [22]. The answer should probably
be that it is the safeguarding of people who,
through poverty, age or disability, are unable
to look after themselves in some way. Welfare
also means the ethical distribution of resources
and the maintenance of minimum standards of
living. The concept, and its morality and ethics,
should not be distorted by disaster. Hence, it
needs to be examined--fairly, critically and
explicitly-- before disaster strikes.

5. Conclusion: Beyond Resilience

The discussion presented above suggests that
there is much that can be done to reduce the risks of
casualties and socio-economic effects of earthquakes,
even if damage cannot substantially be abated.
Society needs to be hardened, so that it resists the
impact of disaster by devoting resources and
organisation to that process. This is sometimes
termed social capital building [23]. Thus, expertise,
experience, know-how and resourcefulness need to
be concentrated in the community and conserved
and developed over time so that they can be handed
on from one generation to the next. Programmes
need to be sustainable in their own right and also
need to interface with the more general problem of
the sustainability of life. In fact, perhaps the biggest
challenge of the future will be, not merely to make
society resilient to disasters such as earthquakes,
but also to make it resilient to less cataclysmic
changes (in sea level, global climate, resource avail-
ability, and so on) that are none the less fundamental.

References

1. Hoffman, R.M. (1948). “A Generalised Concept
of Resilience”, Textile Research Journal, 18(3),
141-148.

2. Holling, C.S. (1973). “Resilience and Stability of
Ecological Systems”,  Annua l Reviews of
Ecological Systems, 4, 1-23.

3. Rutter, M. (1987). “Psychosocial Resilience and
Protective Mechanisms”, American Journal of
Orthopsychiatry, 57(3), 316-331.

4. Berkes, F. (2007). Understanding Uncertainty

and Reducing Vulnerability: Lessons from Resil
ience Thinking”, Natural Hazards, 41(2), 283-
295.

5. Billing, P. and U. Madengruber (2006). “Over-
coming the Black Hole: Outline for a Quantitative
Model to Compare Coping Capacities Across
Countries”, In J. Birkmann (ed.) Measuring
Vulnerability to Natural Hazards: Towards
Disaster Resilient Societies, United Nations
University Press, Tokyo, 403-414.

6. Carroll, J.S. (2004). Redundancy as a Design
Principle and an Operating Principle”, Risk
Analysis, 24(4), 955-957.

7. Birkmann, J. (2006). Indicators and Criteria for
Measuring Vulnerability: Theoretical Bases and
Requirements”, In J. Birkmann (ed.) Measuring
Vulnerability to Natural Hazards: Towards
Disaster Resilient Societies, United Nations
University Press, Tokyo, 55-77.

8. Cannon, T. (2006). “Vulnerability Analysis,
Livelihoods and Disasters”, In Ammann, W.J.,
Dannenmann, S., and  Vulliet, L. (eds), Risk 21,
Coping with Risks Due to Natural Hazards in the
21st Century, Balkema, A.A., Taylor and Francis,
London, 41-49.

9. Spence, R. (2007). Saving Lives in Earthquakes:
Successes and Failures in Seismic Protection
Since 1960”, Bulletin of Earthquake Engineering,
5, 139-251.

10. Qian, Ye (2010). “Integrated Risk Governance
Project: Towards Better Governance of Very
Large-Scale Risks in the World”, International
Journal of Disaster Risk Science, 1(1), 44-45.

11. Xie, L.-L., Ma, Y.-H., and Hu, J.-J. (2007). “A
Conception of Casualty Control Based Seismic
Design for Buildings”, Natural Hazards, 40(2),
279-287.

12. Petal, M.A. (2004). Urban Disaster Mitigation
and Preparedness: The 1999 Kocaeli Earth
quake”, PhD Thesis, University of California, Los
Angeles.

13. De Bruycker, M., Greco, D., Annino, I. Stazi,
M.A., De Ruggiero, N. , Triassi,  M., De Kettenis,
Y.P., and Lechat, M.F. (1983). “The 1980 Earth-
quake in Southern Italy: Rescue of Trapped



JSEE / Vol. 13, No. 2, 2011 115

Resilience Against Earthquakes:Some Practical Suggestions for Planners and Managers

Victims and Mortality”, Bulletin of the World
Health Organization, 61(6), 1021-1025.

14. Durkin, M.E. (1989). The Role of the Physical
Setting in Earthquake Injuries: The Mexico
Experience”, In Lessons Learned from the 1985
Mexico Earthquake, Earthquake Engineering
Research Institute, El Cerrito, Calif., 205-208.

15. Sami, F., Ali, F., Zaidi, S.H.H., Rehman, H.,
Ahmad, T., and Siddiqui, M.I. (2009). The
October 2005 Earthquake in Northern Pakistan:
Patterns of Injuries in Victims Brought to the
Emergency Relief Hospital, Doraha, Mansehra”,
Prehospital and Disaster Medicine, 24(6), 535-
539.

16. Alexander, D.E.( 2011). “Mortality and Morbid-
ity risk in the L'Aquila, Italy, earthquake of 6
April 2009 and lessons to be learned”, In Spence,
R.S. and Ho, E. (eds), Human Casualties in
Earthquakes, Advances in Natural and Techno-
logical Hazards Research No. 29, Springer,
Berlin, Ch. 13.

17. Lomnitz, C. (1970). “Casualties and Behaviour

of Populations During Earthquakes”, Bulletin of
Seismological Society of America, 60, 1309-1313.

18. Olson, R.S. and Olson, R.A. (1987). Urban Heavy
rescue”, Earthquake Spectra, 3(4), 645-658.

19. El-Tawil, S. and Aguirre, B. (2010). Search and
Rescue in Collapsed Structures: Engineering and
Science Aspects”, Disasters, 34(4), 1084-1101.

20. Brower, R.S., Choi, S.O., Jeong, H-S., and Dilling,
J. (2009). Forms of Inter-Organizational Learn-
ing in Emergency Management Networks”,
Journal of Homeland Security and Emergency
Management, 6, Article 66.

21. Foster, H.D. (1980). Disaster Planning: The
Preservation of Life and Property”, Springer-
Verlag, New York, 275p.

22. Forrest, T.R. (1973). “Needs and Group Emer-
gence: Developing a Welfare Response”,
American Behavioral Scientist, 16, 413-425.

23. Murphy, B.L. (2007). Locating Social Capital in
Resilient Community-Level Emergency Manage-
ment”, Natural Hazards, 41(2), 297-315.


