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ABSTRACT
Since its 1960s origins, the Haddonmatrix has served as a tool to understand and prevent diversemech-
anisms of injuries and promote safety. Potential remains for broadened application and innovation of the
matrix for disaster preparedness. Hospital functionality and efficiency are particularly important com-
ponents of community vulnerability in developed and developing nations alike. Given the Haddon
matrix’s user-friendly approach to integrating current engineering concepts, behavioral sciences,
and policy dimensions, we seek to apply it in the context of hospital earthquake preparedness and
response. The matrix’s framework lends itself to interdisciplinary planning and collaboration between
social and physical sciences, paving the way for a systems-oriented reduction in vulnerabilities. Here,
using an associative approach to integrate seemingly disparate social and physical science disciplines
yields innovative insights about hospital disaster preparedness for earthquakes. We illustrate detailed
examples of pre-event, event, and post-event engineering, behavioral science, and policy factors that
hospital planners should evaluate given the complex nature, rapid onset, and broad variation in impact
and outcomes of earthquakes. This novel contextual examination of the Haddon matrix can enhance
critical infrastructure disaster preparedness across the epidemiologic triad, by integrating essential
principles of behavioral sciences, policy, law, and engineering to earthquake preparedness.
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Since its origins in the 1960s, the Haddonmatrix
has served injury prevention professionals as a
tool to better understand strategies to anticipate

and prevent injuries and promote safety.1 Based on the
research of William Haddon, Jr., and Hugh De Haven,
this tool – once known as the phase-factor matrix – aids
users in identifying, organizing, and classifying factors
that influence and contribute to outcomes of interest
(eg, reducing injuries, infections, and infrastructure
damage), during and after selected events (eg, motor
vehicle crashes [MVCs], infectious disease outbreaks,
disasters).1,2 The Haddon matrix’s primary purpose
is to naturally align risk factors with the classic
epidemiologic triad of host, agent, and environment
(with “environment” subdivided into “physical” and
“sociocultural”).2,3 This allows specific event factors
to be modified through a consistent epidemiologic
framework.2,4

The Haddon matrix’s 3 rows depict the 3 time phases
used within injury prevention work: pre-event, event,
and post-event.4 Information in each cell contributes
to decision-making approaches to mitigate negative
outcomes due to the event of interest.5 Such informa-
tion guides users toward focused task-oriented actions
to enhance organizational posture and maximize

response. The Haddon matrix’s organizational struc-
ture allows for a “big picture” analysis, as well as more
granular exploration of a public health challenge.6

Since the inception of the tool, its application has
evolved and expanded. Originally built around the
mechanics of MVC injuries, early use focused on
the energy damage7 from crashes to improve vehicle
safety.1,8-10 This was an apt early model, as MVCs have
a clearly distinct set of pre-event, event, and post-event
phases for study. The matrix was subsequently applied
to topics such as food security11 burns,12,13 falls,14,15

firearms injuries,16 residential fires,17 school violence,7

workplace violence,18 pesticide poisoning,19 childhood
injuries,20,21 and infectious disease outbreaks such as
pandemic influenza and severe acute respiratory syn-
drome.3,22 Recently, the matrix has served as a platform
from which to research bioterrorism risk,23 prepared-
ness and response to terrorism,24,25 radicalism,26 and
cyber-attacks.27

OPPORTUNITIES FOR EXPANSION AND
INNOVATION
The Haddon matrix has a potential for broadened
application and innovation. For example, opportunities
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exist in rigorous, metrics-driven evaluation of critical infrastruc-
ture using the matrix. A 2002 study by the National Research
Council concluded that better protection of critical infrastruc-
ture would make the nation safer.28 The World Health
Organization, as a component of its Framework for Action
2005–2015, sought to enhance resilience to disasters for hospi-
tals and health facilities as part of its multi-agency SafeHospitals
Initiative.29 Despite these wide-ranging applications, the
Haddon matrix has rarely been used to examine vulnerable
infrastructure,30,31 including hospitals.22 This gap is critical
given the large global burden of earthquake-associated morbid-
ity, mortality, and displacement32 and adverse impact on critical
infrastructure such as hospitals.33

Traditionally, Haddon matrices rely on expertise from the
fields of injury prevention, public health, epidemiology, and
industrial safety.1,3,8,19,20,34,35 We propose that a broader set
of disciplines – including various engineering disciplines,
law, and behavioral sciences – be incorporated into a single
matrix. Inclusion of these key components of risk assessment

will yield a more comprehensive approach that begins to
mitigate the lack of interdisciplinary cross-pollination in the
peer-reviewed literature. This paper will illustrate how the
Haddon matrix can integrate these seemingly disparate disci-
plines to yield innovative insights about hospital earthquake
preparedness.

HADDON MATRIX INPUTS
Effective hospital preparedness efforts require thoughtful pre-
event, event, and post-event strategies aligned with the miti-
gation and preparedness, response, and recovery phases of
emergency management.36 Table 1 presents a conceptual over-
view of hospital earthquake preparedness within a Haddon
matrix framework. As described in detail below, this matrix
melds interdisciplinary perspectives from civil, structural and
mechanical engineering, law, and the behavioral sciences.
Given some factors are immutable, such as geographic faults,
preparedness specialists should seek to focus on factors under
their control. Specifically, highlighted are opportunities, or

TABLE 1
The Haddon Matrix and Hospital Earthquake Preparedness

Contributing and Influencing Factors

Phase Human Factors Agent/Vehicle Physical Environment Sociocultural Environment

Pre-Event Earthquake preparedness
exercises (intra- and inter-
institutional)*

Training to increase
willingness to respond*

Training to increase
familiarity with hazard*

Personal/family
preparedness*

Proximity to faults
Soil conditions (ie, liquefiable,
transmissibility of kinetic
energy)

Early-warning system*

Pre-event testing of
redundant physical
infrastructure (and
presence of infrastructure)*

Risk assessment (hazard
vulnerability analysis)

Space allocation and
flexibility

Supply stockpiles*
Supply Prearrangements with
multiple supplies*

Zoning
Building codes
Professional association
codes/norms for HCWs

MOUs
Hospital policies for HCWs
and families*

Workforce proximity to
facility*

Budget (preparedness
resource allocation)

Event Comfort in role flexibility*
Immediate reactionary
protective behaviors*

Speed of notification and
accountability of HCW*

Ground motion intensity
Ground motion duration
Geotechnical failures

Lateral-force resisting
systems

Building characteristics (Age,
material, height)

Elevators
Seismic retrofits of structure
and equipment*

MOUs
Hospital policies for HCWs
and families

Seismic vulnerability of
workforce

HCW access to hospital*
Ability to “go get” employees
(ie, hospital transport)*

Post-Event Willingness of HCW to
respond in post-event
context*

Comfort in role flexibility*
Protective behaviors*
Personal/family
preparedness and
resiliency*

Evacuation
Psychological resources

Aftershocks (duration,
intensity, proximity)

Tsunami and/or flooding
Facility flooding (eg, from
broken pipes)

Gas leaks and/or fire
Utility availability

Fire suppression systems*
Horizontal/vertical egress
Alarm/warning systems*
Physical damage
Building “fuses”

MOUs
Hospital policies for HCWs
and families

Structural inspections (ability
and capacity to perform)*

Evacuation policies*
Cross institutional
credentialing*

Ability of vendors to recover*
Ability of jurisdiction to restore
conditions

*Opportunities – potentially modifiable factors.
HCW = health care workers; MOU = memorandum of understanding.
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potentially modifiable factors, that are accessible through valid
testing instruments,37 training, and evaluation. Here we propose
focusing on engineering, policy, and behavioral sciences as the
particular disciplines most relevant to the identified modifiable
factors. By proactively engineering safer facilities and develop-
ing policies and behavioral interventions that support resiliency,
hospitals will be better prepared through the 3 time phases.

Engineering
Engineering challenges affecting hospitals during and after
earthquakes can vary widely. These challenges can include
geotechnical issues, structural failures (including collapse
of the building), and nonstructural physical damage. The
Haddon matrix can assist in integrating engineering concepts
to better advise hospital planners and improve organizational
posture to contend with the unique and variable engineering
challenges posed by earthquakes. Physical infrastructure for a
hospital includes the physical plant (eg, buildings), grounds
(eg, parking lots), and mechanical systems (eg, air handling,
medical gases, fire suppression). In many seismic areas, the physi-
cal infrastructure is vulnerable to damage during an earthquake.38

It is particularly important to consider the vulnerability of the
built environment in areas with older buildings and infrastruc-
ture, economically developing countries, and regions with infre-
quent earthquakes.39 In addition to the physical infrastructure of
the hospital, it is critical to consider the connecting physical infra-
structure (eg, utilities, transportation). All infrastructures are
interdependent, and damage to 1 type of infrastructure can spread
out and impact other areas of a community, including hospi-
tals.40,41 Further, physical damage inside and around the hospital
can pose a risk to patients, families, visitors, and staff.

Within the Haddon matrix, engineering concepts map pri-
marily to the Agent/Vehicle and the Physical Environment
factors of the hospital’s actual infrastructure. Both of these factors
connect naturally to geographic factors inherent to the earth-
quake, such as proximity to fault lines, ground motion factors,
and subsequent after effects such as tsunamis, in the pre-event,
event, and post-event time frames, respectively. In the pre-event
phase, considerations of the hospital’s proximity to faults and the
local soil conditions are 2 key risk factors within the agent/vehicle
domain. Both factors provide relevant feedback on predictable
ground behavior (probability of liquefaction, lateral spread, and
settlement) during an earthquake, as well as the expected
characteristics of the groundmotions at the site.42,43 To account
for the soil conditions, fault proximity, and probable ground
motions/behavior, the International Building Code requires for-
mal subsurface characterization studies.44 Incorrectly or inaccur-
ately accounting for soil behavior during an earthquake can lead
to unanticipated geotechnical failures on and around the hos-
pital grounds. These ground failures may include extensive
liquefaction, ground faulting, and ground subsidence, each of
which can cause failures of the physical plant, damage to walls
and foundations, or overturning of the buildings.45-47 Such fail-
ures are considered in the event phase of the Haddon matrix.

For hospitals to continue to operate during and after an earth-
quake, the physical infrastructure must maintain its integrity.
To assess this, pre-event testing of the primary and redundant
physical infrastructure should be considered. Primary infra-
structure includes the structural system of the building,
the utilities coming into and out of the building (eg, power,
water, communications, wastewater, medical gases), and the
mechanical distribution systems in the building. The ability
of the primary systems to continue to function can be assessed
through computer modeling and simulation, historical records,
exercises, or risk analysis modeling. Each critical system in a
hospital should have a redundant or secondary backup to
ensure continuity of operations if the primary systems fail.48

Examples of redundant or secondary systems include using dual
systems for the structural frames (eg, combining 2 types of
structural systems in a single building),49-52 alternative power
supplies for critical operations (eg, automatic generator power
switching for ventilators), and alternative central or robust
portable medical gas systems.

Engineering concerns during the event-phase require consid-
erations of both geotechnical issues and structural perfor-
mance. Earthquakes cause ground shaking. The intensity
and duration of the ground shaking cause damage or failures
to the built environment. While both the intensity and the
duration of the earthquake shaking is unknowable beforehand,
estimations can be made to inform the preparedness discussion
because earthquake response plans are developed in the pre-
event phase. Ground shaking and other geotechnical failures
such as liquefaction, ground settlement, and lateral spread can
be considered as response plans are developed. Mitigation
measures can be implemented to limit the negative impacts
of geotechnical failures during the event.

Building characteristics and structural systems should be con-
sidered as event-phase physical environment factors while
developing an earthquake response plan because they will
be the direct line of defense against the ground shaking and
other geotechnical failures. Building characteristics, including
the age, height, and construction material, provide informa-
tion on the projected behavior and performance of the build-
ing during an earthquake. A rudimentary study of building
performance can be estimated based on the building character-
istics. This allows emergency planners to perform a risk assess-
ment for damage or potential collapse prior to conducting a
detailed structural analysis.53,54

An event-phase engineering-informed topic includes
buildings using energy- dissipating devices (fuses) to absorb
earthquake energy. The fuses limit the damage to critical struc-
tural systems during an event by localizing the energy and dam-
age in easy-to-replace components. After an earthquake, these
fuses need to be inspected and possibly replaced to ensure
future structural integrity of the building.55,56 Another engi-
neering event-phase and post-event consideration is the seis-
mic susceptibility of the workforce. This refers to the seismic
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vulnerability of the employees’ residences and is found in the
matrix under Sociocultural Environment factors (though it fits
under Physical Environment too). Informed assumptions are
made about structural resilience based on typical factors for
the region, such as height, age or construction, material,
and so forth, of residential housing and not on an actual inven-
tory of staff member homes. For example, risk considerations
for the staff of Queen Elizabeth Hospital,57,58 who live in
Hong Kong’s high rises, vary from staff at California Pacific
Medical Center, who live in San Francisco residential flats,
mid-rises, and a suburban tract.59 Estimations for the vulner-
ability of employee housing can be obtained through computer
simulation.60 Beyond housing, staff availability in the post-
event phase will be dependent on the functionality of the
transportation network.61

Items specific to post-event activities involve response consid-
erations with direct and severe impacts to patient care and
occupant safety. These include facility flooding, gas leaks,
and/or fire, utility damage,62 and damage to the plant (struc-
tural and nonstructural),63-65 mechanical, and electrical sys-
tems. Ground failures also disrupt the interconnected
physical infrastructure, causing breaks in utilities or impassible
roads.66 Because emergencies of this nature may require patient
and/or staff evacuation,67 vertical and horizontal egress must
be considered. Cross-institutional credentialing and the time-
liness to reconstitution will then become critical post-event
sociocultural and physical environment considerations.

Policy
Regulatory issues permeate disaster preparedness, response,
and recovery.68 By accounting for the legal environment,
the Haddon matrix can assist hospital emergency planners
to identify law and policy issues that may impede the provision
of care during and shortly after an earthquake.

In Table 1, pre-event factors include an organizational risk
assessment, which is typically conducted by hospitals as part
of the hazard vulnerability analysis required by the Joint
Commission and its international counterparts. This analysis
considers factors – including natural and human-caused
events – that may impact demand for or the ability to offer
hospital services.69 In the pre-event stage, a hospital’s internal
policies should be critically evaluated, including the flexible
allocation of space. By understanding which physical spaces
can be repurposed during and after an event to meet dynamic
patient care needs, a hospital can better anticipate response
options. During the pre-event stage, hospitals can also ensure
that they have met or surpassed building code requirements,
including retrofitting infrastructure to meet current standards.70

Prior to an event such as an earthquake, policies should be
established to allow for mutual aid. Typically enacted through
memoranda of understanding (MOUs), these policies must be
tested to ensure that staff are familiar and resources are rapidly

available. During and immediately after an earthquake, an
MOU with a neighboring hospital or health system can help
an affected hospital meet surge capacity or maintain continuity
of operations.71,72 If a hospital is unable to meet demands for
care, MOUs can also facilitate evacuation of injured staff or
patients, prioritization of limited resources, and resource allo-
cation in the period immediately after a disaster.83,73 Given the
rapid occurrence and unpredictability of a disaster, along with
the specialty needs of critical care patients (eg, ventilator or
extracorporeal membrane oxygenation dependence), empha-
sis should be placed on establishing and testing these agree-
ments in advance of disasters.

Post-event, jurisdictional policies for credentialing and licen-
sure may determine whether an affected hospital can maintain
a robust health care workforce as the area recovers from
the disaster. For example, the Emergency Management
Assistance Compact (EMAC) can accelerate deployment of
responders to states facing a disaster.74 EMAC facilitates licen-
sure portability, meaning that health care providers from
out-of-state receive temporary licensure reciprocity or waiver
to allow them to provide care in the state experiencing the dis-
aster with accompanying liability protection. States have
enacted additional laws, such as the Uniform Emergency
Volunteer Health Practitioners Act, to similarly facilitate
deployment of volunteer health care providers to states follow-
ing a disaster.75

Behavioral Sciences
Ahospital’s human infrastructure is itsmost critical resource and
is key to hospitals’ resilience and rapid recovery following a dis-
aster such as an earthquake. Because reluctance to present for
work could negatively affect the health system’s capacity tomeet
post-earthquake medical needs,76 the Haddon matrix can help
identify areas where interventions to improve willingness are
most needed. From a behavioral sciences perspective, pre-event
activities include training to increase the willingness to respond
(WTR) and return to work among hospital staff; training to
increase familiarity with relevant hazards (ie, earthquake-
specific preparedness); and personal/family preparedness. This
creates value because many of the factors that influence health
care workers’ (HCW) WTR are amenable to interventions
(noted as potentially modifiable factors in Table 1).77-79

Another pre-event item relevant to the human infrastructure
dimension is hospital policies for HCWs and families. Such pol-
icies advise decision-making processes relative to HCWs miss-
ing work, calling in sick, working overtime, and the rationale
behind these (eg, caring for a child or relative). Last, noted
on the matrix is workforce proximity to the facility, which
may inform workforce planning and availability considerations
in an infrastructure-destructive event, such as an earthquake.

Event-phase considerations involve crisis risk communication
via the speed of notification of HCWs. Relevant research on
the local public health workforce suggests the importance of
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comfort in role flexibility, which is driven by the institutional
ability to instill workers’ self-efficacy in the roles they will per-
form, and their value to the mission, during earthquake
response.80 From a workforce management standpoint, will-
ingness of HCWs to respond and protective behaviors are
listed in Table 1 for consideration and analysis. Protective
event behaviors are those of the staff (eg, evacuating buildings
or sheltering-in-place, per training protocols) and of the hos-
pital (eg, increased security presence post-event). HCW access
to a hospital refers to the ease with which HCWs can secure
passage during and after a disaster, such as in jurisdictions that
allow hospital staff to travel to work even when driving restric-
tions are imposed. When access is constrained, the ability to
“go get” employees is limited by the resources that hospitals
can leverage to collect employees from their homes and trans-
port them to work. In some states, National Guard vehicles
transport critical hospital staff (eg, intensive-care-unit nurses)
when road conditions are prohibitive (eg, during hurricanes,
snow storms).81 Pre-event personal and family preparedness
is a consideration that has a significant impact on workforce
dynamics during and after an earthquake, and is noted
as highly correlated with event and post-event HCW
WTR.79,82 Increased household and family preparedness
reduces work–family conflict and improves HCWs’ ability to
focus on their jobs.82

Items specific to post-event activities involve the consequence-
phase willingness of HCWs to respond and psychological
resources. The willingness of HCWs to respond in post-event
contexts remains a consideration worthy of preparatory effort
and planning and thus remains in this phase. While initial
WTR may have been addressed through training and effective
disaster risk communication, long-term responsiveness has a
tendency to wane.83 Post-earthquake recovery may takemonths
to years,84 and strategies must be considered to prevent long-
term HCW fatigue. Complementing this are considerations
given to mitigation and treatment of mental health sequelae.
Collectively, these are noted in the matrix as psychological
resources.

HADDON MATRIX OUTPUTS
The outputs of the Haddon matrix may be viewed along 4 cat-
egories: decision support, conceptual organization, conceptual
integration, and opportunities. Foremost, the matrix is a deci-
sion support and root-cause analysis tool. Use of the matrix for
quantitative and qualitative assessments and decision support
for unique challenges has been described elsewhere.1,7 Second,
the matrix provides conceptual organization to incident man-
agement. It allows users to work through the contributing fac-
tors and associated details behind each aspect of preparedness,
mitigation, and response in a logical, temporally sequenced
and organized fashion. The matrix thus helps parcel out com-
plex scenarios into manageable segments.3 Third, it provides
conceptual integration by facilitating the users’ analytic
reviews and assessments of the relationships among each of

the various aspects of preparedness, mitigation, and response
for the given scenario. For example, pre-event redundancies
in the physical infrastructure are correlated with post-event
staff WTR and take on expanded and unusual roles. By ensur-
ing staff know that their safety is prioritized and continually
evaluated, their self-efficacy will be increased post-event.
Ultimately, this logical process enables planners to picture
how and where (1) strategies or activities overlap; (2) reliance
within or across epidemiologic or event dimensions occur (cas-
cading reliance85,86); (3) sequencing of actions is required; and
(4) factors apply in multiple cells making them priorities. Such
visualization facilitates an ordered and efficient approach as
users uncover singular solutions to address multiple infrastruc-
ture and operational issues, be they disparate, interconnected,
or inter-reliant.6,87 This enables optimal targeting of incident-
specific interventions. “Opportunities” comprise the fourth
output of the matrix. These are potentially modifiable factors
that present prospects for users to leverage resources or improve
conditions during pre-event planning to improve organiza-
tional preparedness, response, and resilience.

OPPORTUNITIES FOR SYNTHESIS
Recent, highly consequential earthquakes in Iran, Chile,
Japan, China, and Nepal suggest that urbanization and growth
in geologically vulnerable parts of the globe portend earth-
quakes’ growing impact on humanity.37 This paper’s novel
contextual examination of the Haddon matrix can enhance
critical infrastructure disaster preparedness by assisting hospital
leaders, health care facility administrators, and emergency
management professionals in integrating essential principles
of behavioral sciences, policy, law, and engineering in the
context of earthquake preparedness. This multidisciplinary
approach is essential due to the complex nature of such disas-
ters, their rapid onset, and the broad variation in impact and
outcomes.33,87 Given these considerations, there may be value
to using an associative approach to the Haddon matrix – one
informed by subject matter experts not previously considered –
to evaluate a hospital’s susceptibility and resilience. By
incorporating engineering, law and policy, and behavioral
sciences – atypical factors for a Haddon matrix – more com-
prehensive preparedness can occur from an all-hazards
standpoint. The utility of this approach is further under-
scored given that earthquakes are not as easily simulated
in training as are scenarios likemass casualty shootings, chemical/
biological contamination, or a loss of utilities. The principles
discussed here are not, however, limited to earthquakes; rather,
they have applicability across a spectrum of risks.

CONCLUSION
The Haddon matrix provides a user-friendly way to integrate
current engineering concepts, behavioral sciences, and legal/
policy dimensions in the context of hospital preparedness for
earthquakes. To the best of our knowledge, this is the first such
application of the Haddon matrix. Using the matrix’s
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framework to apply risk assessment principles to hospital prepar-
edness for earthquakes enables an interdisciplinary collabora-
tion between the social and physical sciences. This systematic
approach allows modifiable and non-modifiable factors to be
readily identified to reduce hospital-based vulnerabilities to
earthquakes. As described above, this goal can be accomplished
through the collaborative use of the Haddonmatrix to facilitate
infusion of various disciplines into emergency operation plans,
policies, procedures, and standards of hospital emergency plan-
ners. While hospitals reflect just 1 aspect of overall community
vulnerability to earthquakes, they are a critical element in devel-
oped and developing nations alike. Our articulation of the
Haddon matrix’s relevance to hospital disaster planning can
be extended in future work to systematically examine other soci-
etal vulnerabilities to earthquakes through the tripartite per-
spectives of engineering, human behavior, and law and policy.
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