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Abstract

Introduction: Natural disasters have increased over the last decades. As the world population is
also ageing, older people have become more exposed to disasters, with the United Nations
highlighting the critical role of healthcare infrastructure in disaster contexts. Traditionally,
research on disaster resilience has focused mainly on disasters’ negative effects on older people
as a vulnerable group, and there is scarce research in engineering that incorporates older
people’s needs and experiences as a group that is also capable and resilient. This project
responds to the lack of research that incorporates the assessment of resilience in healthcare
facilities that incorporates the perspectives of older people as its final users.

Objective: This paper presents a methodological approach to integrating the physical
assessment of resilience in healthcare facilities with the perspectives of older people. It
corresponds to a study still being conducted in the central zone of Chile. This region is regularly
exposed to earthquakes and concentrates the largest number of complex healthcare facilities in
the nation, targeting around 40% of its older population.

Methods: A collaboration between two PhD research projects is assessing healthcare facilities’
experience of large earthquakes and the relationships between facilities in disaster contexts and
the perspectives of older people. This is a mixed-methods study, that will combine a qualitative
approach (semi-structured interviews and focus groups) with seismic engineering resilience
modelling.

Results: Preliminary results helped identify earthquakes’ potential effects on functionality from
the perspectives of older people and the relationships between healthcare facilities. This study
can contribute to healthcare facilities’ earthquake resilience by offering a broader perspective
on the links between older people’s disaster experiences and healthcare facilities.
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1. CONTEXT AND BACKGROUND

1.1. Disasters: their impact in healthcare infrastructure and older people

Disasters are increasing worldwide and earthquakes disrupt the normal functioning of
critical infrastructure such as healthcare centres. At the same time, the world population is
ageing at a faster rate. By 2050 it is expected that people aged 60 and more will represent a
quarter of the world’s population [1]. This means that more older people will be exposed to
disasters. A large part of the literature on this topic has identified older people as a vulnerable
group due to their higher levels of chronic illness and need for external support during disasters
[2]. Much of this support is provided by healthcare services. As proposed by the Sendai
Framework for Disaster Risk Reduction (SFDRR) 2015 - 2030 [3], healthcare services are
critical infrastructure during the immediate aftermath of a disaster. In addition to medical
attention, they provide other important types of support for vulnerable groups. In line with this,
the SFDRR states that one of the pillars for building more resilient communities is including
the experiences and knowledge of those who are more vulnerable to disasters.

1.2. Case study, definitions and purpose of this research

In this section, we’ll describe the conceptual framework used to propose an integrated
methodological approach to communities’ resilience. We’ll also discuss some of the gaps in the
literature that drove us to study older people’s response to disasters in the healthcare
infrastructure as an example of critical systems.

Resilience: towards an integrative approach between infrastructure and communities

Resilience is a concept widely explored across different disciplines. In this paper, we
focus on seismic resilience, understood as the capacity of a spatially distributed social unit to
build preparedness for risk mitigation, resist the effects of disruptive earthquakes, and recover
functionality as rapidly as possible through strategies that minimize loss [4]. A resilient system
can be analyzed using different indicators, and at the scale of communities exposed to
earthquakes, resilience should be studied including social, economic, institutional and
infrastructure aspects with a focus on community capital [5].

In this context, healthcare infrastructure capacity represents one of the main components
for a resilient community. As a critical system, it’s expected to have continued operability after
an extreme earthquake to allow the delivery of medical assistance and the supply of basics
needs for the people dealing with health issues [6]. Great earthquakes have affected the
functionality of healthcare systems worldwide; for example, Illapel and Maule in Chile [7, 8]
and Japan [9]. Determination of post-earthquake effects on communities have evidenced the
relevance of preparedness for resilience, with prepared people showing an enhanced capacity
to respond to disasters. Even more, the literature has suggested that older people are willing to
share their past experiences on disasters and recognise themselves as assets in disaster
preparedness. However, their role appears limited mostly to the family and community levels
[10].
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A large part of the literature explores older people’s vulnerability to disasters, because
of their tendency to depend more on external resources to cope with the aftermath of disasters.
Some characteristics that make them more frail to disasters are chronic diseases, lack of
economic resources and low mobility [2,11]. Nevertheless, even though older people are more
vulnerable to disasters, there is still a lack of evidence about older people’s past experiences
with these events. Few studies have explored older people’s perspectives on disasters, their
lessons learned and the support needed by them to face them. This knowledge can be key for
disaster preparedness [3], but few studies have explored how older people’s learned lessons
could be incorporated to a formal disaster response. Although the literature has described how
healthcare services play a critical role responding after an event, scarce studies have explored
the connections between the resilience of healthcare services and the perspectives of older
people who have experienced disasters in the past.

Minding the gap: conceptual framework of this study

The seismic resilience of healthcare infrastructures has been described in terms of four
dimensions: (i) robustness and (ii) redundancy, referred to the physical capacity of the system,
and (ii1) rapidity and (iv) resourcefulness, referring to a system’s capacity in terms of
functionality (i.e. human and physical resources) [12].

Based on these dimensions, this study understands the contribution of older people to
the recovery of healthcare systems (i.e. a healthcare service) in the following way
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Figure 1. Robustness and rapidity in resilience.

Robustness and rapidity are shown as a curve in Figure 1, with performance (vertical
axis) and time (horizontal axis) as the main variables to measure the rapidity dimension of
resilience. The gray continuous line tracks the performance of the system across time, expected
to reduce from p0 to p1 due to the initial loss associated to the event occurrence.

After t1, the recovery process is a function of several variables including: preparedness,
societal response and the organizational capacity to mobilize the available resources and human
capital. Accordingly, response and recovery actions from the community are as critical as the
system’s physical capacity. The integrated responses of human groups tactically managing
resources provide the biggest contribution to enhanced resilience, understood as decreasing the
time needed to reach a desired performance level [13]. Due to the multiple variables involved,
recovery curves are usually considered from assumptions or meta models, making them
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difficult to measure or predict. However, there is empirical evidence that community
preparedness results in shorter recovery time. After the MwS.2 Pisagua earthquake in Chile, the
resilience of the healthcare system showed a proper response that was the result of united
actions anticipated in the emergency plans of healthcare facilities, which was superior to their
individual capacities [14].

According to Cimellaro et al [ 13], the recovery process in the healthcare system depends
on the different recovery paths and timing of the multiple resources and organizational networks
within the system. In this context, if a priority group has an enhanced recovery as a result of a
comprehensive preparedness and an anticipated seismic response, the resilience of the
healthcare system (e.g. healthcare infrastructure) should increase. Thus, this study has the
hypothesis that, after t1, incorporating older people’s lessons from past disasters can have a
positive impact by contributing to the rapidity of the healthcare service’s recovery. Thus, their
knowledge could improve the preparedness of healthcare services for future events. Our second
hypothesis is that older people can have a positive impact on the response and performance of
healthcare services (e.g. helping other older people to evacuate). A prompt response is crucial
to reduce damages in the aftermaths of disasters.

Older people and their previous experiences of disasters

Most of the available literature on older people in disasters has focused on describing
their vulnerability based on their socio-demographic characteristics (i.e. age, socioeconomic
status, gender), chronic diseases, low mobility and lack of resources to deal with the immediate
aftermath of a disaster [2,11].

Defining older people as a vulnerable group due to their healthcare needs (i.e. chronic
diseases) has made them a priority for healthcare infrastructures [3]. Assuming that older people
depend on healthcare services has impacted how we understand healthcare infrastructure as
critical for them mostly in terms of their need for healthcare. For example, the United Nations
emphasised the critical role of functioning of healthcare services to cope with the aftermaths of
a disaster, especially for vulnerable groups like older people. Nevertheless, scarce studies have
explored the perspectives of older people with respect to healthcare services in terms of the
support they can provide and how they identify as contributors to the resilience of the healthcare
services in the context of a disaster.

In this context, Sendai Framework 2015-2030 [3] has suggested that to promote
effective disaster preparedness, we need to include the perspectives of the people affected by
disasters. The perspectives of older people in disasters are critical to explore lessons learned in
past events, and this knowledge should be shared with younger generations. Even though there
is scarce literature on the perspectives of older people in disasters and their past experiences
[10,15], some studies have found that older people consider themselves important actors for
preparedness due to their experience. Their lessons learned from past events are mostly
transmitted within their families and at the community level, but there is a gap in how that
knowledge is translated to the formal response [10] carried out by institutions such as healthcare
services.

In summary, even though there is evidence describing older people as vulnerable to
disasters, there is an emergent recognition of them as contributors to disasters preparedness.
However, it is still unclear how to transfer their knowledge beyond their families and
communities.
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Purpose of this study

This paper presents an interdisciplinary methodological approach to integrate older
people’ perspectives and past experiences in disasters with the assessment of resilience in
healthcare infrastructure, with a focus on the preparedness and recovery phases of resilience.

Our hypothesis is that if healthcare systems incorporate the perspectives of older people,
this could contribute to anticipate the system’s response to disruptive earthquakes and enhance
the seismic resilience of healthcare infrastructure for this priority group. Older people can
contribute to the recovery phase of resilience in the following ways: (i) during the response of
healthcare services, by helping others in case a healthcare building needs to be evacuated and
(i1) during the preparedness stage, by using their lessons learned from previous disasters to
anticipate challenges that could potentially emerge in a future event.

Thus, an engineering perspective on the assessment of resilience in healthcare
infrastructure could be integrated with older people’s perspectives and contributions to gain a
better understanding of the recovery phase of healthcare infrastructures. Older people can have
a positive impact in healthcare services’ prompt response and the resilience of healthcare
infrastructure

2. METHODS: TOWARDS AN INTERDISCIPLINARY APPROACH

This study was based on a bottom-up approach, meaning that it addresses community
needs as well as the theoretical gap on how to involve older people’s perspectives on the
assessment of healthcare infrastructure resilience.

Previous studies conducted by members of this research team explored the assessment of
resilience in communities (survivors of the 1960 earthquake [16]) and the healthcare network.
The second study used mixed methods to understand the performance of primary healthcare
services after an earthquake. The team carried out interviews with key stakeholders (i.e. heads
and emergency teams) from primary healthcare services and a hospital to learn about the
challenges they faced during the Pisagua earthquake and how they solved them [14]. Its findings
supported older people’s critical role during disaster response and how it was closely related to
their arrival at healthcare services immediately after the earthquake.

2.1. Case study

The administration and operation of the public health system in Chile is geographically
divided into different healthcare services. Each healthcare service is in charge of medical
facilities in multiple provinces. This study focuses on the six healthcare services in the central
zone of Chile that concentrate 40% of the total population of the country (mainly living in the
Metropolitan Region). We considered their demographic profile to identify what healthcare
centers had the largest older population exposed to disasters. In the Metropolitan Region, people
over 60 years old represent around 20% of inhabitants, most of them concentrated in the East
Healthcare Service. Data was collected at the Healthcare Reference Center (CRS Cordillera)
in the East Healthcare Service. This center is located near the San Ramon seismic fault, known
for its destructive potential in case of an earthquake [17].
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The healthcare infrastructure network in Chile is built based on three different assistance
levels: primary, secondary and tertiary. The CRS Cordillera is a second level facility, with
capacity for outpatient care and specialized medical services. It’s receives referrals from the
primary assistance level that doesn’t offer specialized services nor operating rooms. In turn, it
refers critical patients to the tertiary level, which offers specialized hospital services and has
the capacity for inpatient care. As part of its organizational structure, the CRS is conformed by
a consultative council in charge of transmitting the community’s healthcare concerns to the
healthcare centre. All the members of the consultative council are older people (n=13)

Engagement with

Stakeholders and
Older People

Figure 2. Methodological phases for our proposed integrated approach.

As shown in the Figure 2, our methodological approach consists of five stages. Phase I
consisted of approaching and engaging with CRS Cordillera. This stage was critical for the
project, as CRS staff work with the consultative council, giving access to older people. The
engagement stage was conducted from 2017 until 2019, across different projects previously
carried out with the healthcare service.

Phase II consisted on interviewing the head of the healthcare service on its perceptions
and concerns regarding older people and disasters. The interview was analysed using thematic
analysis, with a focus on the different concerns raised. Phases Il and IV are still under progress.
During phase 11, we will interview the emergency team on their perspectives about the center’s
functioning after an extreme event and the support provided by older people. During Phase IV,
we will perform focus groups with older people from the consultative council. Engaging with
the center during Phase I allowed the head of the healthcare centre to schedule meetings in late
May 2019.

The final stage of this project will consist on sharing the perspectives of older people
and healthcare centre staff during an event aimed at the community. The aim will be for the
different stakeholders to dialogue on how to integrate their perspectives to preparedness
efforts at the healthcare centre.

3. RESULTS AND DISCUSSION

Exploring the perspectives of healthcare service staff and older people who use this
service evidenced concerns regarding the following issues: (i) older people’s spatial
concentration in specific neighborhoods, (i1) ensuring access to aged people with mobility
issues (i.e. low mobility) and (ii1) how older people could contribute with knowledge from
previous disasters to identify potential challenges in case of disaster. Hence, the discussion of
the results will follow the three aspects previously described:

3.1. Spatial concentration of older people at the neighborhood level

Even though older people have been described as a priority group for healthcare services, their
spatial distribution at neighborhood level needs to be explored in more detail. Given the
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heterogeneity of neighborhoods in the central zone of Chile and the areas in this study, it is
important to know how older people are distributed. From the CRS’s point of view, this may
impact their use of the healthcare network, as older people usually attend the healthcare service
more frequently than other age groups.

According to Sendai framework [3], healthcare infrastructure is critical for
communities, especially during the first response to disasters and for older people. Previous
studies on healthcare response to disasters have shown that older people go to healthcare
services to look for different types of support that go beyond medical attention [14]. This leads
to a higher inflow of older people to healthcare centers and an over demand in certain services.

However, it’s not very clear what healthcare services in the network are the most
impacted. A few studies [14, 18, 19] have suggested that primary healthcare services are more
impacted by this behaviour. On the other hand, it’s important to consider the vulnerabilities of
the aged population, as neighborhoods with more older people will see these everyday
challenges intensified in disaster contexts: low mobility, the need for external resources to cope
with the disaster aftermaths and healthcare issues (i.e. chronic illness). For example, in Chile,
more than 60% of older people report having at least one chronic disease such as hypertension
[20].

Thus, to create a resilient healthcare infrastructure, we need to consider how healthcare
centres interact with the demographic characteristics of their surroundings. These
characteristics influence the population they will potentially serve and the epidemiological

issues involved, with important implications for evacuation in case of an extreme events. The
following section focuses on this topic.

3.2. Healthcare infrastructure accessible for older people

One of the concerns shared by the healthcare service’s stakeholders is that older people
may have mobility issues that may require the use of wheelchairs and longer times to when
using stairs, demanding more lifts and assistance from the healthcare service. This has profound
implications for evacuation plans: having an increasing aged population may result in longer
evacuation times at the healthcare center. At the CRS Cordillera, the evacuation route goes from
the second floor to the safety zone in the first floor and involves stairs. This means that people
with mobility problems will need support from others to evacuate.

As suggested by recent literature, older people are a heterogeneous group, with some
facing mobility issues and others with the capacity to help others evacuate. The latter can be an
important resource for healthcare services to achieve shorter evacuation times.

3.3. Older people as a resource of knowledge

In addition to the previous issues, the contribution of the older people to an enhanced
resilience based on the past experiences goes towards the direction of the four phases of disaster
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management proposed by FEMA (i.e. Mitigation, Preparedness, Response and Recovery), as
the community actions and knowledge are involved in all of them, not as the vulnerable
components of the system, but as the source of knowledge needed to create strategies to
minimize the impacts of hazards, as mitigation is declared the “cornerstone of disaster
management”’.

From an engineering perspective, the interdisciplinary approach presented in this article
is an example of complementing different practices with earthquake engineering to help create
more resilient communities. The societal and institutional responses of critical systems, such as
healthcare facilities, are critical to enhance seismic resilience in communities [4]. They need to
be incorporated as a fundamental part of resilience analysis, as they provide crucial information
regarding a system’s recovery across time. This variable is highly difficult to measure when
assessing infrastructure resilience, and is usually estimated by engineers based on data from
previous events. In this way, second-generation performance-based earthquake-engineering
focuses on seismic risk and functionality loss analysis. Meanwhile, the qualitative exploration
of human capital and people’s perspectives can contribute to determine recovery paths across
time, as well as the variables help improve it in healthcare infrastructure serving high numbers
of older people.

4. CONCLUSIONS

Our findings from this case study partially support our hypothesis: the healthcare service
considered that including older people’s perspectives was important to be better prepared for
future disaster events. However, it’s important to consider that this project is still being
implemented and data collection with older people has not begun yet.

Older people were found to be important contributors for disaster preparedness and
recovery. This is due to lessons from past disaster experiences that help them anticipate future
challenges. Older people can be contributors in the immediate aftermath of a disaster and
support other older people in need of assistance, especially during an evacuation process. The
involvement of older people in the preparedness and recovery phases of resilience is especially
important in contexts where the population is ageing fast and has a high level of disaster
exposure.

Summarising, an integrative approach to resilience can benefit from integrating both
perspectives: the analysis of physical infrastructure and its interactions with priority
populations such as older people. An holistic approach can provide a valuable input and
improve the assessment of resilience in healthcare infrastructure.

Future research is needed to explore how to measure the impact of involving the
perspectives of the elders on the resilience of healthcare infrastructure. One of the challenges
for this project was that it depended on the health centers’ active engagement to share its
concerns and for the research team to incorporate this information with data from the center’s
territorial context in terms of the distribution of older people. Finally, for future studies it would
be remarkable to address research questions around the possibility of estimating recovery
functions for resilience quantification based on the interaction with the population with past
experiences in great disasters, as the current literature lacks of such information, and uses few
empirical curves from recorded disruptive events.
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