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to Earthquake Loss-Reduction: Contextualizing Role

of Engineering Research
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Abstract: To achieve loss-reduction objectives and to enhance community and societal resilience in the event of earthquakes
disasters, researchers and practitioners must take into account the broader societal environment in which loss-reduction so
applied. For that purpose, researchers at the Multidisciplinary Center for Earthquake Engineering Research~MCEER! have developed two
conceptual frameworks that clarify the linkages that need to be made between earthquake research and the application of los
solutions: an open-systems approach as a strategy for organizing a large-scale coordinated research agenda applied to a signi
problem, and market-based metaphors to introduce a new way of conceptualizing the loss-reduction process. This paper pre
proposed conceptual frameworks, which have been used by MCEER to formulate its research agenda, for consideration as
helpful tools for researchers and for the management of large multidisciplinary research endeavors in earthquake engineering,
for discussion and possible enhancements by others within the research community.
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Introduction

During the last two decades of the 20th century, earthqua
killed more than a million people worldwide~Noji 1997!. Al-
though earthquakes in the United States are not as deadly as
are in less-developed countries, they still pose major life-sa
and health hazards and exact an enormous price in terms of p
erty damage and economic losses. Major earthquakes in
United States and its territories killed approximately 1,400 peo
during the last century; nearly half of those deaths occurred in
1906 San Francisco earthquake and fire~Noji 1997!. Between
1975 and 1994, more than 14,000 people were injured in U
earthquakes~Mileti 1999!.

Economic losses from urban earthquakes have risen dram
cally in recent years. For example, although the 1994 Northri
earthquake was a moderate-sized seismic event, it proved t
the most costly disaster in U.S. history. A 1998 report that s
thesized data from a range of sources estimated the direct co
that earthquake to be at least $24 billion and provided cred
projections indicating that totaldirect economic losses could
climb as high as $44 billion~Eguchi et al. 1998!.
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The 1995 Kobe earthquake demonstrated that seismic ev
have the potential for producing enormous losses and exten
social disruption, particularly when they strike vulnerable urb
areas. That potential clearly exists in the United States. In the
Francisco Bay area, for example, a 1996 planning scenario
leased by the Earthquake Engineering Research Institute~EERI!
projected that following a magnitude 7 earthquake on the H
ward Fault, the occupants of 150,000 to 200,000 housing u
will need emergency and temporary housing, natural gas ser
will be extensively disrupted, and about 60% of East Bay hou
holds and businesses will lose water for periods ranging fr
days to months~EERI 1996!. Economic losses from such an eve
would easily double or even triple those experienced a
Northridge. Some researchers have estimated these losses
ceed $200 billion~Risk Management 1995!.

Earthquake losses will rise at an escalating rate in future ye
unless new loss-reduction strategies are undertaken and exi
approaches are strengthened. Research clearly plays an in
role in this process. Particularly important are efforts that foc
on comprehensive multidisciplinary approaches that analyze
earthquake problem holistically—that is, from the perspective
various engineering fields as well as other disciplines that
provide the knowledge needed to reduce earthquake losses.

To ensure that such efforts are undertaken, the National
ence Foundation has funded research centers that are intend
serve as vehicles for organizing the kinds of multidisciplina
teams required to address the earthquake problem in a com
hensive fashion. The strategy developed by the Multidisciplin
Center for Earthquake Engineering Research~MCEER! places
considerable emphasis on the role that new technologies can
in earthquake loss reduction. However, it also proceeds from
assumption that the successful implementation of loss-reduc
measures can only be achieved if researchers and practitio
understand the societal context in which research, applicat
and implementation efforts are undertaken. MCEER researc
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have developed two conceptual frameworks that clarify the li
ages that need to be made between earthquake research a
application of loss-reduction solutions. The first is the concep
the loss-reduction market~LRM!, which provides a useful meta
phor for understanding loss-reduction challenges. The secon
an open-system model that characterizes the manner in whic
larger societal environment affects implementation efforts. A k
element in this model is the concept of the diversified lo
reduction portfolio, consisting of a variety of strategies, techno
gies, and techniques that can be employed to contain earthq
losses.

The objectives of this paper are to provide a brief overview
the LRM concept and to present a systems approach that i
trates how the broader societal environment affects the selec
of loss-reduction measures, as well as how research, the dev
ment of loss-reduction strategies and techniques, and the app
tion of those measures are related. The writers do not preten
have formulated a rigorously exact, economics-based mode
the earthquake loss-mitigation problem. Rather, this paper in
duces, through this analogy, a new way to frame earthquake
reduction research in terms that can be used to develop a sen
strategy for organizing a large-scale, comprehensive, coordin
research agenda applied to a significant public problem. Likew
the writers do not claim that such a research agenda can~or needs
to! approximate a system, but that this research can be system
and deemed to be based on an open-systems approach bec
is aimed at affecting the inputs, processes, and outcomes o
open system.

Although this paper does not present new theories or rese
results, it does outline a potentially useful conceptual framew
for characterizing the relationship between research activities
the broader societal environment in which research findings
implemented, recognizing that the proposed framework could
enhanced through further development and refinement by oth
The market-based analogies and open-systems concepts pres
here have been used by MCEER to better understand those
tionships and to shape its own research agenda.

Beneficiaries and Users of Earthquake Engineering
Research

Although research in earthquake engineering is aimed at pro
ing life safety and mitigating damage and losses, it can only p
vide these benefits if seismic safety measures are actually ado
and implemented. The implementation of these measures wil
timately be realized through the efforts of numerous and dive
users of research results. These users include the various de
makers, knowledge providers, and groups and individuals w
undertake actions to increase the earthquake resistance of the
environment while containing direct and indirect earthqua
losses. This group of societal actors includes~but is not limited
to! practicing engineers and other design professionals, po
makers, regulators and code officials, facility and building ow
ers, governmental entities, and other stakeholders who are res
sible for loss-reduction decisions. These decisions can encom
a range of actions, including the adoption of various new te
nologies, the retrofitting of structures using improved techniq
and approaches, and response- and recovery-related activ
This ‘‘loss-reduction market~LRM!,’’ or set of entities that can
potentially adopt and apply research-based solutions to the e
quake problem, has a number of significant characteristics
should be taken into account in efforts to implement lo
reduction measures. The section that follows discusses the
tures of the LRM.
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Attributes of Loss-Reduction Market
First, the LRM is both diffuse and diverse, consisting of acto
with multiple and often conflicting values and interests. It i
cludes numerous public- and private-sector entities and indiv
als as well as organizations. The market spans geographic are
high, moderate, and relatively low earthquake risk. It is also
verse with respect to the amount of earthquake-related knowle
actors possess and the priority they place on loss reduction.
ditionally, it includes actors that are required to undertake lo
reduction activities as well as entities for which such actions
voluntary.

Second, while earthquake researchers and developers of
mic safety measures make a number of alternative solutions a
able for reducing earthquake losses, ranging from preearthq
mitigation to postearthquake response and recovery, LRM par
pants vary considerably in their receptivity to these alternat
solutions. Measures that are deemed acceptable and even h
desirable by some entities may be considered unacceptabl
others. A multiplicity of alternative approaches is needed to s
isfy the preferences of LRM decision makers. For example,
rofit solutions applicable in one particular building may not
acceptable for another identical building due to factors such
differences in owner resources, location and importance of
facility, exposure to risk, and owners’ tolerance for damage, l
of functionality, and overall costs.

Third, like other types of markets, the LRM is generally u
comfortable with uncertainty. Actors prefer clear, accurate, a
valid information on the risks, potential losses, and costs ass
ated with implementing loss-reduction measures because thi
formation provides a sound justification for their decisions. O
implication of this market characteristic is that researchers,
those who are advocates of new loss-reduction solutions, m
find ways to communicate with market actors to address
clarify the uncertainties that inevitably arise in the course of se
mic research.

Fourth, LRM is highly sensitive to the costs associated w
the adoption of alternative loss-reduction solutions. Although t
is especially true of private-sector market participants, pub
sector agencies are also increasingly required to justify their lo
reduction decisions on cost-effectiveness grounds.

Finally, for many actors, involvement with the earthqua
LRM competes with other activities in which they may feel mo
pressure to invest, including loss-reduction activity for other h
ards and investments to address other social problems, suc
crime. LRM activity may actually be quite low on many ke
actors’ agendas. One implication of this market characteristi
that loss-reduction solutions can often be made more attractiv
they can be shown to serve multiple purposes or provide ac
with other benefits in addition to earthquake safety.

Because of these market characteristics, the LRM does
adopt loss-reduction measures readily or rapidly. The mark
diversity and the voluntary nature of much loss-reduction activ
militate against blanket or mandatory solutions, requiring inst
an array of technologies, techniques, and strategies that mee
cision makers’ needs. Change tends to be gradual and increm
and is often brought about by dramatic earthquake events
increase the actors’ willingness to undertake seismic safety
grams.

Just as efforts to influence and change consumer behavio
pend on an understanding of the market for different types
goods and services, activities aimed at achieving higher level
seismic safety must be based on an understanding of LRM c
acteristics, behavior, and preferences. As is pointed out in
NATURAL HAZARDS REVIEW / MAY 2002 / 49
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section that follows, approaches are needed that recognize
distinctive market features, and research must be geared to
meeting the needs of the LRM and increasing market recepti
to loss-reduction measures.

Market-Oriented Research and Development
Strategies

Before they can have an impact on the broader society, rese
products must be adopted and implemented by LRM participa
These processes will not occur unless market needs and pr
ences are addressed. For example, because of market sens
to both uncertainty and the cost of reducing earthquake los
studies are needed to improve loss-estimation techniques a
bring about a better understanding of component and system
gilities. Such studies will reduce the uncertainties associated
loss projections and serve as the basis for determining the c
effectiveness of alternative loss-reduction strategies. Similarly
address the market’s need for valid information as well as
sensitivity to cost, more rapid, reliable, and less expensive te
niques are needed for estimating both potential losses and a
earthquake damage. New technologies may well offer the prom
of enhanced levels of seismic safety, but unless those techn
gies are well aligned with the concerns of market participa
they will not be used. Put another way, unless research can d
onstrate that tools, techniques, and technologies are effectiv
reducing direct and indirect earthquake losses, market particip
will be reluctant to take on the risks associated with the adop
of those tools, thus impeding implementation.

Diverse markets require diverse products. Diversity shapes
loss-reduction preferences of different actors in the LRM, a
research must recognize that for many of those actors, particu
in areas of lower seismic risk, extensive mitigation programs m
not be feasible. Additionally, even in high-risk areas, decis
makers will likely seek ways of containing losses that attemp
skirt the difficult issues associated with the adoption of mitigat
measures. There is therefore a need for research that can le
the development of solutions that address the entire disaster c
from mitigation through post-event response and recovery.

In all types of markets, product developers typically spen
great deal of time trying to understand what will make their goo
and services attractive to potential customers and what bar
may stand in the way of higher sales and greater market shar
the earthquake hazards area, there is a parallel need for res
on the impediments and incentives associated with the adop
of loss-reduction measures and on the entire implementation
cess because such research will lead to a better understand
how to increase the LRM’s receptivity to various loss-reduct
measures.

Research activities can advance the state of the art with
necessarily improving the state of practice or having other t
gible effects beyond the research community. To have an imp
research activities must be linked to trends and events in
broader society and, more specifically, to fluctuations in LR
receptivity and resistance. In the section that follows, this in
action between the research community, the LRM, and socie
conceptualized more generally in open-system terms.

Specifying Relationship between Research and
Adoption and Implementation of Loss-Reduction
Strategies: Open Systems Approach

Closely related to the concept of the LRM is an open-syste
approach to research and development and the adoption
50 / NATURAL HAZARDS REVIEW / MAY 2002
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implementation of loss-reduction measures that recognize an
spond to market conditions. Fundamental to this perspective is
notion that in order to be effective, earthquake engineering
search must be conducted with an understanding of the chara
istics, needs, and requirements of both the LRM and the broa
society. Rather than creating knowledge for its own sake,
searchers must be able to produce solutions that can be appli
the wider societal environment. As previously noted, that soci
environment consists of various stakeholder groups that h
multiple and often conflicting values and interests.

There is a wide range of possible approaches to managing
earthquake threat, from investment in preevent mitigation thro
reliance on postevent response and the provision of postdis
aid as strategies for containing losses. Market participants in
ferent organizations, communities, and regions of the coun
vary in the emphasis they place on these alternative soluti
Key actors also differ in the extent to which they are willing
tolerate the uncertainties associated with research findings
recommended solutions. Equally important, they are likely to d
fer considerably in their expectations concerning acceptable
els of seismic performance for elements in the built environm
and in the levels of risk and vulnerability they consider acce
able. Overall, however, the market is very sensitive to the co
associated with different loss-reduction approaches, which cre
pressure for demonstrating that potential solutions to earthqu
related problems are cost-effective.

In addition to accurately gauging market preferences, ne
and expectations, it is also important to recognize that efforts
achieve higher levels of earthquake resistance are constraine
numerous barriers, including the sheer complexity of the ea
quake problem and the difficulties inherent in developing relia
research findings and credible policy recommendations; the
priority assigned to earthquake loss reduction in many area
the country and many market sectors; financial barriers assoc
with adopting and implementing loss-reduction solutions and,
latedly, the difficulties inherent in demonstrating the co
effectiveness of loss-reduction measures; lack of clarity with
spect to legal and regulatory authorities; and various ot
knowledge, political, perceptual, and economic barriers. If lo
reduction efforts are to be successful, a wide array of alterna
products, technologies, and strategies is needed to allow ma
participants the latitude and flexibility to select among an array
different loss-reduction options.

A strategy to provide the new knowledge that can help ov
come barriers to implementation is illustrated in Figs. 1 and
Fig. 1 illustrates how the loss-reduction market influences b
research activities and the long-term process through which
search findings are implemented. Fig. 2 provides more detai
the solution development process—that is, the activities that
searchers undertake within the ‘‘control box’’ component
Fig. 1.

As shown in Figs. 1 and 2, the technologies, tools, and st
egies developed by researchers must be appropriate for the
etal environment in several respects. First, as illustrated in Fig
they must take into account a number of market characteris
such as the fact that communities and regions differ in the se
ity of the hazards they face and in their vulnerability, as well as
stakeholders’ awareness of and receptiveness to loss-redu
measures. In order for earthquake solutions to be acceptable
community, for example, they must be consistent with that co
munity’s conception of the earthquake hazard, as well as its vi
on different techniques that can be applied to reduce vulnerab



Fig. 1. Open-system framework

Fig. 2. Research strategy
NATURAL HAZARDS REVIEW / MAY 2002 / 51
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Second, solutions must take into account the complexity of
loss-reduction market in terms of needs, economic and polit
interests, priorities, conceptions of acceptable risk, and familia
with the earthquake problem. Third, they must be geared tow
taking advantage of both research and implementation oppor
ties presented by earthquake events, since earthquakes and
disasters often serve as catalysts for change, particularly w
they stimulate champions or policy entrepreneurs to place
reduction on the policy agenda~Alesch and Petak 1986; Olso
et al. 1998a, 1998b; Birkland 1998; Prater and Lindell 200!.
Other changes in the societal environment, such as the passa
new laws or the adoption of new codes and standards, can
encourage stakeholders to adopt and implement loss-redu
measures.

As illustrated in Fig. 1, the research community develops v
ous candidate solutions designed to reduce earthquake lo
These research and development activities are characterized
as taking place inside a ‘‘control box’’ because this is the par
the system over which the research community has the gre
amount of direct influence. However, in the final analysis, it is
LRM and the societal environment that influence which solutio
are defined as significant enough to pursue and which are ado
and implemented. For example, as illustrated in Fig. 1, resea
ers may develop and recommend a variety of seismic safety t
niques and technologies, but the process of selecting, adop
and implementing solutions is ultimately driven by socie
forces, as well as by actors who champion particular solutions
events that serve as catalysts for new research.

Fig. 2 focuses in more detail on activities that take pla
within the system’s control box, or the part of the system o
which researchers have the most direct influence. It also outl
what the research community needs to take into account in m
ing solutions ‘‘marketable’’ in the larger society and further elab
rates on the relationship between societal and community sett
research activities, and the implementation process. Key elem
in this part of the model are addressed in the following sectio

Technology Portfolio

One key component of the system’s internal control box is
‘‘technology portfolio’’ consisting of a range of candidate a
proaches designed to achieve a specified loss-reduc
objective—structural and nonstructural seismic retrofit strateg
for example. The term ‘‘portfolio’’ is used here to suggest th
some of the technologies being investigated will always be ris
than others from the point of view of effectiveness and implem
tation potential. At the outset, researchers must recognize
some of the technologies they investigate may eventually pr
not to be cost-effective~at a given time!, or that they will encoun-
ter too much societal resistance to be implemented in the
term. This portfolio is, in other words, diversified in terms of bo
potential risks ~for example, failure to demonstrate proof-o
concept or cost-effectiveness, or failure to demonstrate implem
tation potential! and potential payoffs.

The logic behind the development of the technology portfo
is that, among all the technologies that are investigated, many
prove cost-effective and will be adopted and implemented. H
ever, it is important to emphasize that all technologies conside
even when assessed as high-risk, have a reasonable poten
being implemented—the higher risk rating should not be c
strued as negative, but rather as a recognition that research o
technology is still in the early stages and that relatively m
work is required before full assessment of its effectivenes
possible. For example, in the early 1990s, although some
52 / NATURAL HAZARDS REVIEW / MAY 2002
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searchers had the foresight that dampers could be implement
buildings to control seismic response~as is frequently done
today!, in accordance with the technology portfolio model pr
posed here, that research on dampers undoubtedly would
been rated as a higher-risk technology at the time.

The main challenge is that as a group, the technologies in
portfolio must provide the necessary diversity to tackle comp
loss-reduction challenges. They must also offer the flexibility
adjust research directions rapidly when earthquake events or o
changes in the societal environment alter stakeholder recept
or attitudes about what constitutes acceptable solutions to var
aspects of the earthquake problem. To ensure that candidate
nologies are continually added to the portfolio, the earthqu
engineering community must find ways to foster interaction w
experts from various other disciplines. This can be achieved
mally or informally in many different ways. For example
MCEER is in the process of conducting a series of workshops
the theme of ‘‘Mitigating Earthquake Disasters through Advanc
Technologies,’’ which are designed to identify technologies t
have been developed for other applications that can be use
applied to enhancing levels of seismic safety.

Facilitating Technologies

Also included in the control box is a range of facilitating tec
nologies that appear to offer the greatest promise for addres
key loss-reduction challenges. Examples of facilitating techno
gies include optimization and automated design software, sim
fied design procedures, other technology delivery facilitato
standard details, and seismic codes. The mix of technologies
are ultimately adopted and implemented, as well as the speed
which implementation takes place, will depend in large part
community context and on the operation of the LRM. In som
localities, the market may support the adoption of measures
span the entire hazards cycle, from preevent mitigation and
paredness through postevent response and recovery. In ot
postevent loss-reduction measures will be favored over pree
mitigation programs. Some decision makers may elect to ad
new, innovative, and perhaps more expensive solutions, w
others may be more conservative.

Support Tools

A range of tools that provide support for rehabilitation, respon
and recovery decision making constitutes a third set of market
solutions to earthquake-related problems. These decision t
and their associated technologies include advanced method
earthquake loss estimation and postevent damage assess
cost-benefit methodologies that can be used to support mitiga
decision making, response and recovery decision-support
tems; and strategies for overcoming barriers to the adoption
implementation of loss-reduction techniques.

Testbeds and Demonstration Projects

Another component of this part of the model is project activit
that focus on bringing about a convergence between enginee
and societal perspectives on ways of improving loss-reduc
efforts. Decision tools and facilitating technologies can be co
bined in testbeds and demonstration projects that provide a fo
for the work of multidisciplinary teams. To facilitate and accele
ate implementation in earthquake engineering, it is necessar
conduct full-scale multidisciplinary demonstration projects,
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well as to develop a range of products for end-users, such
comprehensive retrofit manuals that summarize, in a practical
mat, the expert opinion built and validated through the resea
activities.

Such demonstration projects and outreach efforts enable
searchers and partners in industry and government to examin
promise of advanced technologies in real-world situations, w
the products such as retrofit manuals provide the guidance
quired to make users comfortable with innovative approaches
depart from conventional practice. Additionally, activities th
seek to bring about a convergence of disciplinary perspective
earthquake hazards are needed because it has historically
very difficult to bridge gaps between the results of engineer
analyses~which attempt to predict the performance of structu
and systems! and the ways in which stakeholders~such as regu-
latory agencies, facility owners, and the general public! define
acceptable performance levels. Multidisciplinary research ac
ties must therefore be aimed at reconciling these often diver
views.

Research Outcomes

These multidisciplinary investigations lead to a diverse set of
search outputs that include products and devices, policies
guidelines~for example, seismic retrofit guidelines for critical fa
cilities!, new methodological approaches, technologies whose
fectiveness has been demonstrated, and implementation s
gies. Research outputs lead to loss-reduction outcomes w
research findings and new loss-reduction strategies are ado
and implemented. Successful implementation depends on m
receptivity and on overcoming barriers to implementation; it a
requires coordinated education and outreach efforts. Ultima
given variations in earthquake vulnerability, commitment
earthquake loss reduction, and the costs associated with ado
relative to benefits, there will also be variation in which los
reduction measures are judged most appropriate for differen
cietal settings.

Other Interactions and Activities

Throughout this process, as shown in Figs. 1 and 2, contin
monitoring and interaction take place among the entities re
sented in the various model components, which include sta
holders and champions, researchers, and those responsib
policy formulation and adoption. This ensures responsiveness
resource reallocation to capitalize on opportunities created
positive changes in the receptiveness of actors in the LRM
proposed solutions. Likewise, assessments of the effectivene
pioneering implementations made as a result of early rese
outcomes, combined with the benefit of time and experien
make it possible to identify previously unrecognized shortco
ings in knowledge, new needs, and better potential solutions
to use these findings to recommend new research activities.

As noted earlier, education and outreach activities clearly p
a role in moving loss-reduction measures from the stage of p
research through the process of adoption, application, and im
mentation. However, to be optimally effective, education and o
reach activities must be part of a well-coordinated implemen
tion strategy that can provide important linkages between
earthquake engineering research community and all intere
parties~public agencies, code committees, users of the tech
ogy, and so forth!. While organizations such as the earthqua
engineering research centers can provide integration and co
s
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nation on a small scale, only government agencies, working w
all parties, can successfully orchestrate such an implementa
plan at the national scale. Possible multistakeholder strategies
incentives toward implementation have been proposed in the
~EERI 1998! and are beyond the scope of this paper.

Evolving Challenges

Finally, it must be recognized that earthquake engineering
search, application, and implementation activities are not part
linear process. While it is important for researchers to ident
address, and ultimately overcome barriers associated with de
oping knowledge and encouraging the use of loss-reduction m
sures, it must be recognized that many barriers to knowle
development and transfer cannot be identifieda priori. Rather, it
is frequently the case that, as research and implementation ef
proceed, new and unanticipated barriers and challenges are
ognized. Similarly, the research process typically uncovers n
opportunities. The process is one in which an understanding
both barriers and chances for speeding knowledge developm
and application emerge out of the research itself.

This quality of openness, which characterizes all research
deavors, is especially prominent in earthquake engineering,
two reasons. First, the rapid pace at which technology is de
oping can be expected to lead to new research and applica
opportunities. Second, significant earthquakes~and other disas-
ters! provide major opportunities for research as they raise n
problems, often calling into question long-held beliefs in the
search community. They also have the potential to cause shif
governmental and organizational priorities, eliminating barri
that had existed earlier and opening ‘‘windows of opportunit
for change. Consequently, an effective earthquake engineerin
search, application, and implementation strategy is one tha
sufficiently flexible to recognize that new barriers will be encou
tered and to be able to take advantage of research opportun
that technological developments and earthquake events
present.

Conclusion
One of the most important steps in the evolution of earthqu
engineering research is the understanding that a unitary sy
approach to programmatic research is insufficient to achieve
objective of providing the tools to create a disaster-resistan
resilient community. Instead, a systems approach is needed
brings about the integration of multiple systems—social, politic
economic, natural, and structural—before a set of solutions ca
identified. This type of approach, which requires intensive c
laboration across disciplines, must also be conceptualized as
of interacting systems that may have contradictory goals, com
ing value systems, and participants who potentially have little
common with each other. This approach requires investigator
look more broadly at these various systems and to begin to th
about where they are synergistic—that is, how the analysis
these different systems can be used to integrate our researc
forts to achieve a more complex approach to identify poten
solutions and to enhance their implementation.

The systems approach and market analogies described in
paper are initial outcomes of this rethinking. The models p
sented here represent an attempt to show how both the dev
ment of loss-reduction technologies and their ultimate implem
tation are influenced by conditions, groups, decisions, and ev
in the larger environment. They also take into account the
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that when significant earthquakes occur, they require immed
attention and create new opportunities for research, po
changes, and implementation. Such sudden challenges are ty
in earthquake engineering research and other research on ha
and flexibility is required to rapidly adapt and refocus resea
efforts accordingly.
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