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Figure 5. Health disaster risk of countries along the Belt and Road Initiative (BRI) region.
4. Discussion

This paper presents a three-phase methodology approach for disaster risk assessment that
incorporated health vulnerability dimensions into an existing hazard-based disaster risk map
development. The proposed health vulnerability assessment index covers seven health dimensions,
including infectious disease, chronic disease, maternity, under five years old, healthcare services,
immunization, and the dependency ratio. Under these seven dimensions, nine indicators were
used for formulating the vulnerability index, namely: (1) proportion of population below 15 years
and above 65 years, (2) under-five mortality ratio, (3) maternal mortality ratio, (4) prevalence of
tuberculosis, (5) the age-standardized raised blood pressure, (6) physician ratio, (7) hospital bed ratio,
and (8) coverage of the MCV1 and (9) DTP3 vaccines. Then, the vulnerability index that was formed
was combined with an existing disaster risks index from the Institute of Mountain Hazards and
Environment at The Chinese Academy of Science.

Based on the formula established in this study and the public data mentioned in the Methods
session, Greece, the Republic of Korea, and Belarus were found to be the three least vulnerable
countries, while Somalia, the Central African Republic, and Chad were the three most vulnerable
countries. After combining the vulnerability index with the exposure and hazard indexes, areas close
to the Philippines, Afghanistan, Bangladesh, Somalia, and Indonesia were shown to have the highest
disaster risk among the 147 study countries along the BRI region.

The Index For Risk Management (INFORM) and the World Risk Index are global disaster
risk indexes that have incorporated health related components for vulnerability. INFORM is a
global risk assessment index that is a collaboration of the Inter-Agency Standing Committee Task
Team for Preparedness and Resilience and the European Commission and is adopted in the Global
Risk Map (https:/ /globalriskmap.terria.io/ About.html) (including 190 countries). These included
tuberculosis prevalence, HIV prevalence, malaria death rate, and under-five mortality as vulnerability
indicators, and have included physician density as a capacity-coping indicator. The World Risk Index
(171 countries considered) presented by Birkmann and Welle, and the Integrated Research on Disaster
Risk (IRDR) team [19], have combined susceptibility, lack of coping, and adaptive capacity within
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vulnerability. They considered a dependency ratio for susceptibility, physicians, and hospital beds
ratio for coping capacity, and private and public medical expenditure for adaptive capacity. Table 2
below compares the health components considered in the two mentioned indexes and those included
in this index. The INFORM model and the Word Risk Index were built with sophisticated calculations
and variables from different aspects in risk assessments such as health-related components, economic
status, political environment, and infrastructure. Yet, many important health vulnerability burdens
such as non-communicable diseases were not included.

The study aims to advance the current disaster risk assessment to include health vulnerability,
which will inevitably affect population vulnerability in times of crisis. Thus, the discussion here
focused on health-related components. The index proposed in this study has included indicator(s) of
seven important health components in disaster risk assessment. Specifically, although chronic diseases
have been cited as the most important causes of mortality and morbidity [31], attention has yet to be
placed on global disaster risk assessment. People living with chronic diseases usually highly rely on
long-term medicine for disease management. Unstable medicine access during and after disasters
may lead to preventable adverse health consequences for the affected individual and the community.
Considering the increasing prevalence of chronic diseases globally, related factors are suggested to be
included as a vulnerability indicators in estimating disaster risks.

Table 3 shows the top 10 countries with the highest vulnerability/lowest coping capacity
obtained from the three indexes. Despite the lack of consideration of the socio-economic, political,
and infrastructural aspects and the different health components considered in the proposed index,
five out of the 10 countries also appeared in top 10 from the other two indexes. This suggested that
the health dimension is a strong determinant for disaster risk vulnerability. It is of note that although
South Sudan was shown to be the most vulnerable with least coping capacity in the INFORM model,
due to the missing data for South Sudan in the dataset that was used in this study (WHO and the
World Bank), South Sudan was not included in this analysis. Ukraine was the most vulnerable country
in Europe according to this study. Its vulnerability was mainly due to the country’s low vaccination
rate, which was almost the lowest among all of the studied countries in the dataset. Since this study
only accounted for health-related aspects calculating vulnerabilities, rather than other factors such as
economic and political factors, Ukraine was found to be more vulnerable for disaster risk compared to
the INFORM and the World Risk Indexes. The relatively higher coping capacity for European countries
might reflect the better socio-economic status in these countries.

Vulnerability made substantial contributions to understandings and conceptualizations of disaster
risk. When populations are exposed to natural disasters, vulnerable groups such as young children,
older people, and people with mobility problems have more difficulties in evacuations, and might have
a higher immediate risk of injuries. After extreme natural events, people might lose their homes and
have to stay closely together in temporary shelters where hygiene and living conditions are usually
compromised. In communities with low vaccination rates, outbreaks of infectious diseases might
happen. Chronic diseases, as well as mental and psychological problems, also create health concerns
and add extra stress to the healthcare system. Efficient medical services are important for handling
immediate and indirect health needs in affected areas. Delayed or insufficient medical support to
the affected people would increase fatality and morbidity. This could be due to the non-perfect
healthcare system in local areas with poor coping capacity. Thus, this study proposed to include health
vulnerability in estimating disaster risks. The results of this study have shown that populations with
higher vulnerability were under higher overall risks than populations with lower vulnerability, given
that they have comparable hazards and exposures. For example, both Japan and Bangladesh were
prone to earthquakes (hazard), and were densely populated (exposure). However, after considering
the vulnerability index proposed in this study, area near Bangladesh has a higher overall disaster risk
than Japan.
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The study has several limitations. Firstly, due to the study focus, vulnerability (including adaptive
and coping capacity) related to other aspects such as sociodemographic and political aspects were
not included for this specific model. Secondly, this study applied factor analysis in determining the
underlying constructs of the selected predictors. It is important to highlight that factor analysis does
not explain the cause of the convertibility [32]; the factors presented in this study were based on the
understandings and experience in the field and the references considered. Despite the sample size that
was used for this factor analysis being less than the common agreed size of 200 [32] due to the limited
number of countries, it was larger than the suggested minimum size of 100 [32], which should provide
considerable power for the analysis. Finally, the results presented were based on the 147 countries
along the Belt and Road region; the reported vulnerability ranking is subject to change when different
countries are considered.

Thirdly, this proposed index is highly driven by data availability and accuracy. Although the
disability rate is another important health determinant in disasters that is advocated by WHO, due to
the lack of data, disability was not included in this analysis. Similarly, this study can only include a
few indicators as proxies for each health dimension due to the limitation of data. This study did not
impute missing data due to simplicity and accuracy. Therefore, the number of missing data would
be more than those used in the compared indexes. The accuracy of the results of this analysis was
highly dependent on the accuracy of the open access data. Data from different organizations may
not be consistent due to inconsistency in collection methods, study periods, calculations, imputation
methods, or even data sources. Results should be read with caution.

In addition, although the use of all-hazard approach intended to include all disaster types for
the hazard index, the health vulnerability index may face constrains in covering the whole disaster
spectrum. For instance, physician density may be an important health indicator for coping capacity
during disease outbreaks; however, it may be less relevant to injury risk and health vulnerability
during and after tsunamis.

According to the WHO, disaster risk management involving health components can avoid
or reduce relevant health impacts [33]. While disaster risk assessment is one of the important
components of risk management, hazard, vulnerability and capacity are the three elements that were
most commonly considered in disaster risk assessment [33]. Among various dimensions of human
vulnerability, low sociodemographic status, female gender, large dependency ratio, chronic diseases
and disability are risk factors for disaster-associated mortality and morbidity [33]. Some current risk
assessment indexes indicated vulnerability or coping capacity by using sociodemographic factors
such as age, poverty, ethnic minority and education level [34,35] while some of them also included
health-related variables [18,19].

However, not many existing global based disaster risk assessment model considered underlying
non-communicable diseases patterns. A country specific vulnerability index for wildfire from the
Environmental Protection Agency, the United State, considered chronic diseases such as asthma,
diabetes, hypertension and obesity [36]. This study suggests the inclusion of chronic disease in
addition to the health-variables considered in current disaster risk assessment tools (World Risk
Index, INFORM) and demonstrated how health-related vulnerability could be added into existing risk
assessment tools using a relative simple statistical method and open access data. The results of this
study could be served as a basis for future development of disaster risk assessment model or adding a
health related component to the existing one.

Specifically, the BRI counties are undergoing rapid socio-economic development. Lifestyle
changes and westernized diets may increase the prevalence of chronic diseases such as diabetes
and cardiovascular diseases [22]. The index presented in this paper may provide a more
comprehensive health-related disaster risk assessment tool which may of the Belt and Road Imitative
countries. This would help in improving Health-EDRM capacity planning, resources distribution and
arrangement for the regions.

147



IJERPH 2019, 16, 380

5. Conclusions

This paper presents a health vulnerability index that aims to enhance disaster risk assessment for
disaster risk reduction. The suggested health vulnerability index covers seven health vulnerability
dimensions, including infectious disease, maternal mortality, under-five mortality, healthcare
services, immunization, the dependency ratio, and chronic disease. This new index incorporated
important health dimensions such as chronic diseases into the existing hazard-based disaster risk
mapping approach.

Attention has to be paid specifically to the health vulnerability, which is associated with population
living with chronic diseases. As more comprehensive health-related disaster risk assessments
emerge, policy makers and program planners may engage in better resources and capacity planning,
distribution, and arrangement to address the needs of Health-EDRM in the disaster-affected regions
along the Belt and Road Initiative countries.
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Abstract: Canada regularly faces environmental public health (EPH) disasters. Given the importance
of evidence-based, risk-informed decision-making, we aimed to critically assess the integration
of EPH expertise and research into each phase of disaster management. In-depth interviews were
conducted with 23 leaders in disaster management from Canada, the United States, the United
Kingdom, and Australia, and were complemented by other qualitative methods. Three topics were
examined: governance, knowledge creation/translation, and related barriers/needs. Data were
analyzed through a four-step content analysis. Six critical success factors emerged from the
analysis: blending the best of traditional and modern approaches; fostering community engagement;
cultivating relationships; investing in preparedness and recovery; putting knowledge into practice;
and ensuring sufficient human and financial resources. Several promising knowledge-to-action
strategies were also identified, including mentorship programs, communities of practice,
advisory groups, systematized learning, and comprehensive repositories of tools and resources.
There is no single roadmap to incorporate EPH expertise and research into disaster management.
Our findings suggest that preparation for and management of EPH disaster risks requires effective
long-term collaboration between science, policy, and EPH practitioners at all levels in order to
facilitate coordinated and timely deployment of multi-sectoral /jurisdictional resources when and
where they are most needed.

Keywords: knowledge transfer; knowledge management; environmental public health; disaster risk
management

1. Introduction

Canada, like many countries, increasingly faces emergencies and disasters that have public health
impacts [1], including large-scale chemical incidents (e.g., the 2013 Lac-Mégantic train derailment) and
natural disasters (e.g., the 2016 Fort McMurray wildfires). Such environmental public health (EPH)
disasters may cause extensive environmental, human, and material losses, and may sometimes affect
entire communities and/or necessitate evacuation and relocation. In addition to acute health risks,
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a large body of literature indicates that the population burden of psychopathology in the aftermath of
EPH disasters is substantial and potentially of long duration [2-5]. EPH disasters may differ from other
public health emergencies (e.g., Ebola outbreak, pandemic influenza), as most require both a short-term
response (within hours), as well as a longer-term response (including monitoring, remediation and/or
restoration efforts) that may stretch over years. And generate a need for multidisciplinary scientific
expertise (chemistry, epidemiology, human health risk assessment, mental health, etc.). The increasing
frequency and severity of EPH events is thought to be driven by the interactions of complex phenomena
such as population and economic growth, land-use, resource scarcity, urbanization, and climate change,
all of which are expected to continue into the foreseeable future.

The governance required to prepare for, respond to, and recover from a wide range of EPH
disasters—natural or human-induced—is arguably the most complex and critical function of disaster
management. Such EPH governance should serve to facilitate and strengthen capacity for risk
assessment, surveillance, risk management, public communication, monitoring and evaluation,
and mitigation and recovery activities. The components of EPH governance should, therefore,
include not just policies, programs, and coordination structures, but should also address gathering
and interpretation of relevant and up-to-date information with which to guide action [6].

1.1. Background

As the successor to the Hyogo Framework for Action 2005-2015: Building the Resilience of
Nations and Communities to Disasters (HFA), the Sendai Framework for Disaster Risk Reduction
2015-2030 (Sendai Framework), adopted by 187 Member States at the Third United National World
Conference on Disaster Risk Reduction, has shifted its emphasis from disaster management to disaster
risk management [7]. With 35 explicit references to health, this people-centered framework encourages
both risk reduction and resilience strengthening through an all-hazard, all-of-state and all-of-society
approach [8]. Science should routinely be used to support disaster risk reduction [9] and, therefore,
holds a key place in the Sendai Framework. Knowledge flowing from and to different stakeholders
ensures that policy and practice are evidence-based and risk-informed (Figure 1; [10]).

Knowledge needs

Practice

Knowledge needs

Figure 1. The science-policy-practice continuum (adapted from [10]).

1.2. Knowledge-to-Action (KTA) Process

Evidence-informed decision-making, in emergency management and in all other areas of
public health, requires effective knowledge translation to turn research knowledge into action.
The Canadian Institutes of Health Research (CIHR) have proposed a cyclical knowledge-to-action
(KTA) process [11,12]. This process has been divided into various phases, from the identification of
the problem to monitoring and sustaining the use of the available pertinent knowledge. The funnel,
located at the heart of this cycle, represents knowledge creation. As it moves through the funnel,
knowledge is refined and becomes more easily applicable to end-users. However, once created,
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knowledge needs to be translated into action. This cycle provides a framework for strategies in
knowledge creation and translation.

Various types of knowledge may be utilized within KTA strategies in disaster settings.
These include knowledge generated through science, as well as local (community-based) or
indigenous knowledge [13]. Too often disaster management practitioners tend to focus on the
former, ignoring the latter which is, nevertheless, of great value for disaster management, given local
knowledge may provide contextual information not found in science-based information sources.
For its part, scientific knowledge refers to primary literature (e.g., first-generation knowledge),
knowledge synthesized from literature review (e.g., second-generation knowledge), and also to
more user-friendly tools and resources, including decision aids, training modules, practice guidelines,
lessons learned, and protocols (e.g., third-generation knowledge) [14]. Knowledge can also be classified
as either tacit (i.e., understood or implied knowledge that exists without being stated) or explicit
(i.e., formal or codified knowledge that is stated in detail) [15]. Such concepts build notably on the
“knowledge creation spiral” theory within organizations, introduced by Nonaka and Takeuchi in 1995,
which emphasizes on the importance of involving both the top and front-line employees in knowledge
creation process [16]. By integrating top-down and bottom-up approaches, this system enables the
creation, accumulation, and translation of tacit and explicit knowledge.

Effective KTA processes must also account for how knowledge is shared and transformed
through sharing. Four processes transforming knowledge from one form to another have been
identified, namely:

Socialization;
Externalization;
Internalization; and

Combination.

Socialization consists of sharing of individual tacit knowledge through collaborative methods,
like meetings (tacit to tacit). Externalization refers to codifying the tacit knowledge into tools and
resources (tacit to explicit). Internalization corresponds to learning by doing, through simulations or
exercises (explicit to tacit). Finally, combination can be defined as the extraction and the combination
of explicit knowledge, in order to organize it into various forms, such as repositories (explicit to
explicit) [17].

1.3. Toward a National Framework

Canada has gained significant expertise and knowledge from recent EPH disasters, including the
2013 Lac-Mégantic train derailment, the 2016 Fort McMurray wildfires, and the 2016 Seaforth Channel
diesel spill [18-21]. However, despite this growing expertise, two fundamental challenges remain. First,
how can we improve knowledge generation (through research) before, during, and after disasters?
Although disasters mobilize public health practitioners in a matter of hours, organizing scientific
research efforts, and/or acquiring access to the knowledge generated may take weeks or months.
Second, how can we improve dissemination and use of new and existing knowledge? These are
especially complex challenges in Canada, in which knowledge-generating entities must cooperate
across three levels of government, two official languages, and vast geographic distances. Rather than
reinventing the wheel time and time again, how can we ensure that public health actors at all levels
know what has been done elsewhere, how can we understand the uncertainties, and how can we
integrate it in the face of a disaster?

Given the short time-frames and potentially high human costs that characterize EPH disasters,
a national framework is urgently needed to facilitate and integrate knowledge creation and associated
research into emergency response and recovery in Canada. Such a framework would allow public
health professionals to systematize what has already been done, build on existing assets—such as
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expertise, evidence, guidelines, lessons learned, resources, training and protocols—and clarify what
remains to be achieved through future collaborations.

Our aim was to determine how to better integrate EPH knowledge and assets in disaster settings
in Canada [22], using the Sendai Framework as a template [23]. To that end, we conducted a critical
assessment of knowledge management (i.e., providing the right information, in the right place, at the
right time) before, during, and after EPH disasters in Canada. The following specific objectives were
pursued to achieve this goal:

1. Describe various existing models of governance for disaster management, with a focus on the
science-policy-practice interface;

2. Identify main resources available and challenges for knowledge management; and

3. Formulate recommendations toward the establishment of a national framework.

2. Materials and Methods

2.1. Design

This project draws heavily on the US National Institutes of Health (NIH) Disaster Research
Response (DR2) Program. The DR2 Program is a national framework for research on the medical and
public health aspects of disasters and public health emergencies [24,25] which offers data collection
tools and resources, training and exercise materials, and research protocols, and facilitates networking
between researchers and practitioners responding to environmental emergencies. This project was led
in close collaboration with a national steering committee created in 2016, to oversee the development
of a Canadian DR2 (CanDR2); the committee is co-chaired by Health Canada and the National
Collaborating Centre for Environmental Health (NCCEH) and is composed of representatives from
many Canadian and international agencies.

2.2. Sample Selection

Key informants (KIs) involved in preparedness for, response to, and recovery from EPH disasters,
both at the local and national (i.e., provincial or federal) levels in Canada and other countries were
invited to participate in this initiative.

The KIs identified were experienced emergency planners from health or non-health sectors,
medical officers of health, knowledge transfer experts, or academics, who possessed expertise in the
management of natural (e.g., floods, winter storms, heat waves, hurricanes, wildfires) or technological
(e.g., chemical spills, train derailments) disasters.

At least one representative from each of the provinces of British Columbia, Alberta, Ontario,
Québec, and the Atlantic Canada region was sought. These provinces or regions were selected based
on their geographic location (dispersed across Canada), their experiences in facing EPH disasters,
and the varying size and capacity of their public health workforce. In addition, KIs from the federal
level in Canada were invited to participate in this initiative, as well as KIs from governmental or
non-governmental organizations in other key English-speaking countries, including the United States,
the United Kingdom, and Australia. While we emphasized the importance of diversity across Kls
(at all levels, from governmental and non-governmental organizations, from health and non-health
sectors), this diversity did not prevent our study from reaching data saturation (i.e., we obtained a
sample large enough such that no new data were generated from additional participants).

An initial list of KIs was generated by the CanDR2 Steering Committee and invited to participate
through an introductory email briefly describing the project. Nearly all invitees accepted, with a final
sample of 23 Kls.

154



IJERPH 2019, 16, 587

2.3. Data Collection Instrument and Methods

An interview guide containing mostly open-ended questions deemed to be relevant to our
objectives was developed and endorsed by the members of the CanDR2 Steering Committee.
Four overarching dimensions of the EPH response to disasters were explored, namely (1) governance,
(2) knowledge creation, (3) knowledge translation, and (4) barriers and needs related to these
processes [26]. The interview guide drew heavily on the World Health Organization (WHO)’s toolkit
for assessing health system capacity for crisis management, more specifically on the governance
and leadership function. This standardized toolkit is organized according to the six functions of the
WHO health system framework. For the first function, that is effective leadership and governance,
fourteen essential attributes are described, including programs on preparedness, and research and
evidence base [6].

The interview process comprised two parts. In the first part of the interview, seven questions
were used to broadly characterize the governance model/strategic framework in each of the
jurisdictions under study, in order to obtain an overview of disaster management structures and
coordination mechanisms. The second part of the interview specifically addressed knowledge creation
(three questions) and knowledge translation processes (five questions). Existing barriers and factors
conducive to strengthening of science-policy-practice interface and integration of knowledge into
action were assessed throughout the interviews. A specific question on obstacles and strengths was
also added at the end of the guide. Each interview lasted approximately 60 min. Interviews were
conducted by the project leader in English (1 = 16) or in French (1 = 7), either on the telephone (1 = 19)
or face-to-face (n = 4), from April to July 2017.

2.4. Other Data Sources

In-depth interviews were complemented by other qualitative methods. The project leader was
involved as the public health director or a medical adviser during three large-scale EPH disasters in
Canada, namely the 2013 Lac-Mégantic train derailment, the 2016 Fort McMurray wildfires, and the
2017 Quebec flood. Furthermore, she attended 15 scientific fora (conferences, workshops, symposia,
etc.) related to EPH disaster management from July 2016 to July 2017. Throughout these meetings and
informal discussions with key international experts, additional explanations and good practices were
documented. Field notes were taken after each scientific forum. Finally, a wide range of documents
and websites suggested by KIs were consulted to deepen the understanding of laws, structure, policies,
plans, procedures and programs identified during interviews.

2.5. Analysis

In order to carry out the analysis of the KIs’ discourse and other data gathered, we conducted
a four-step content analysis: (1) double-reading of transcripts, (2) data coding, (3) data processing,
and (4) interpretation of data.

In Step 1, an initial (appropriation) reading of interviews and field notes was used to identify the
main ideas characterizing each interview or event. The second (reading served to confirm and clarify
these ideas. In Step 2, raw qualitative data were classified into an analysis grid, with a coding structure
based on four dimensions established a priori: governance, knowledge creation, knowledge translation,
and barriers and needs [26]. In the data processing Step 3, the analysis grid was used to draw out
themes and subthemes from the coded transcripts. Data that were conceptually related to one another
were first identified within each dimension. This set of data became sub-themes corresponding
to ideas or concepts in relation with our subject. Examination of these sub-themes across all four
pre-determined dimensions then led to their grouping into cross-cutting themes. The final Step 4 was
interpretation of the coded and processed data in the context of our initial objectives [27].
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2.6. Integrated Knowledge Translation

In accordance with the principle of integrated knowledge translation, as promoted by CIHR [28],
members of the CanDR2 Steering Committee were involved in each step of the project. Early in the
process, they contributed in identifying the problem and clarifying the aim of the project, they were
invited to comment on the protocol and the interview guide, and they identified a list of potential KIs.
Once data were gathered and analyzed, preliminary and final findings were presented and discussed
with members of the CanDR2 Steering Committee on two occasions. Presentation of findings and
recommendations to various stakeholders (e.g., organizations involved in disaster management in
Canada) is also planned in the upcoming months.

3. Results

3.1. Description of the Data

Overall, 16 interviews were conducted among KIs from Canada (1 = 16) and other jurisdictions
(n =7) (see Table 1). Fifteen KIs came from the public health or health sector, whereas the remaining Kls
came from the municipal sector (n = 4), academia (1 = 2), or non-governmental organizations (NGO;
n = 2). The sample had balanced representation at the national and local levels, and of both genders.
Two KIs represented the indigenous communities’ perspective. Interestingly, many Kls had been
involved in the management of EPH disasters, including the 2005 explosion and fire at the Buncefield
oil storage depot (United Kingdom), the 2009 Black Saturday Bushfires in Victoria (Australia), the 2011
Alberta Slave Lake floods (Canada), the 2012 Neptune Technologies explosion (Canada), the 2013
Lac-Mégantic train derailment (Canada), the 2016 Fort McMurray wildfires (Canada), the 2016 Seaforth
Channel diesel spill (Canada), Hurricane Matthew in 2016 (United States), the 2017 New Brunswick
ice storm (Canada), the 2017 Quebec flood (Canada), the Flint water crisis (United States), as well as
annual flooding in Ontario (Canada).

Table 1. Profiles of KIs interviewed in this study.

ID Jurisdiction Sector Level Gender
1 British Columbia Health National F
2 British Columbia Public Health National F
3 British Columbia Public Health Local F
4 Alberta Health National F
5 Alberta Public Health Local M
6 Ontario Health National M
7 Ontario Public Health Local M
8 Québec Municipal Local M
9 Québec Municipal Local M
10 Québec Municipal Local M
11 Québec Academic National F
12 Atlantic Public Health Local F
13 Canada Public Health National F
14 Canada Public Health National F
15 Canada NGO National F
16 Canada Public Health National M
17 United States Public Health National F
18 United States Academic Local M
19 United Kingdom Public Health National F
20 United Kingdom Public Health National F
21 United Kingdom Municipal Local F
22 Australia Public Health Local F
23 Australia NGO National M
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3.2. Emerging Themes: Critical Success Factors

Six cross-cutting themes, which are here identified as critical factors in successful disaster
knowledge management, materialized from the data interpretation, with a range of sub-themes
emerging in each category. These sub-themes, which represent the current situation and challenges,
are further discussed below.

3.2.1. Blending the Best of Traditional and Modern Approaches

The data revealed that, in Canada and other developed countries, disaster management is
well structured at all levels and that, overall, public health authorities are involved in these
institutional arrangements. Most structures rely on the incident command system (ICS) for
coordinating disaster responses, consider all phases of the disaster management continuum (mitigation,
preparedness, response, and recovery) and are supported by laws, policies, plans, and procedures.
Routine surveillance and epidemiological investigations are fairly well integrated during the response
phase, as are conferences, meetings, training activities, and exercises during the preparedness phase.
In short, the above traditional approaches are adequately implemented.

More modern all-hazard approaches [29,30] as promoted in many key documents, including the
Sendai Framework [7], are currently integrated into disaster management preparedness and response
in some jurisdictions. However, for most KIs in Canada and elsewhere, the Sendai Framework is
not known or not a priority. Some Kls nevertheless expressed their desire for a major paradigm
shift: “Requirements are based on old emergency management approaches and principles, we need
governance from a different perspective” (KI#6). Others emphasized the importance of better
understanding the potential risks: “It is important to be involved in risk assessment before a disaster
strikes, to better manage risks altogether, as proposed in the Sendai Framework” (KI#9). An observation
made at the Fifth Regional Platform for Disaster Risk Reduction in the Americas [31], which was also
noted by one KI, is the poor representation of local-level participants of some major countries at this
meeting: “Those involved don’t share with lower levels, it’s the opposite than [sic] what’s proposed in
the framework” (KI#18). This suggests that even if we are on the right track in implementing modern
approaches, additional efforts are required to fully achieve this goal.

3.2.2. Fostering Community Engagement

The importance of identifying and leveraging existing assets or resources at the community level,
including local health agencies, and working with existing capacities were strongly valued among KIs.
Furthermore, it was indicated that local knowledge should be given consideration in the same manner
as scientific knowledge: “We need to hear more from the community, it’s really important” (KI#15).
However, it was broadly acknowledged that communities typically remain poorly engaged in disaster
management and that strategies to foster community engagement while maintaining the efficiency of
disaster response and research are yet to be developed [32]. The interviewees indicated that ideally
such strategies would provide a mixture of top-down and bottom-up approaches, and mobilize local
knowledge and expertise before, during, and after a disaster.

Although leveraging local capacity was recognized as important, KIs also noted that building
capacity in small municipalities, rural and Indigenous communities remains a challenge, and that
support is required from higher-level governmental and academic institutions. For example, one KI
(who has previously responded to a fuel spill) noted that more detailed technical guidance is needed
to support local risk assessment: “What kind of environmental and biospecimen sample should be
taken? What’s needed? How often? What parameters? What detection limits? What should be the
benchmarks (or appropriate end-points)?” (KI#3). Developing this type of technical guidance is often
beyond the capacity of those responding to the crisis at hand, as such work requires time, research,
and multidisciplinary expertise.

157



IJERPH 2019, 16, 587

3.2.3. Cultivating Relationships

Many of the successes identified by KIs relied on individual leadership (or “champions”) and
strong interpersonal connections. Beyond structures, plans, and procedures, formal or informal
relationships and networks have been identified by the majority of KIs as the most promising avenue
to strengthen knowledge management capacities in disaster settings. Indeed, many Kls emphasized
the need for breaking down silos between sectors (e.g., first responders vs. public health), practitioners
and academics, French-speaking and English-speaking provinces, local and national levels, and even
within public health organizations [33]. For example, KI#16 noted that “First Nations communities can
ask for support, but this depends a lot on relationships previously built with governmental agencies”.
As noted by KI#9, “Strong links must be established right from the start between public health and first
responders to establish a risk assessment and management strategy.” Because public health authorities
are well connected with universities in many jurisdictions, it may be possible to build bridges with
academics to bring additional expertise to affected communities.

Some KIs mentioned that an overlap exists between academic and public health expertise in the
context of EPH disasters, in that both may offer expertise in epidemiology, toxicology, surveillance,
risk, and exposure assessment, etc. These two essential partners, therefore, need to clarify their
respective roles, in order to unite their efforts and act in a synergistic manner. Building such
functional partnerships may unlock latent resiliency, especially if accomplished before a disaster strikes.
As expressed by one KI, “We need to connect the dots. We need to better know each other before an
event; it is too late to learn during the crisis” (KI#10). Indeed, the power of these “connected dots”
was apparent during the response to the 2017 Quebec floods. Within 24 h, an international network
of renowned organizations including the US Centers for Disease Control and Prevention (CDC),
Public Heath England (PHE), and WHO were bringing concrete support to Quebec public health
authorities. This pre-established network permitted rapid access to validated materials, including the
Community Assessment for Public Health Emergency Response (CASPER) toolkit in the US [34] and a
protocol and questionnaires from the National Study of Flooding and Health in the UK [35].

3.2.4. Investing in Preparedness and Recovery

Although the four phases of disaster management are usually considered in disaster management
structures, our data suggested local efforts are (by necessity) oriented toward the short-term.
Our interviews suggested that Canadian EPH practitioners, particularly those at the local level,
are struggling with one crisis activation after another; some organizations contacted during this study
report remaining in near continual response mode in recent years. Consequently, little energy can be
allocated to preparedness and recovery. Recovery is perhaps the most difficult task because of the
accumulating burden on EPH professionals, including emotional load, fatigue, cumulative workload,
and organizational factors, including less effective coordination structure and gradually weakening
political commitment. According to one respondent, “we could probably do more between disasters,
it is all about prioritization” (KI#5). As a result of this “disaster hangover”, long-term monitoring
of physical and mental health issues is not routinely carried out, despite the fact that those issues
probably have the most significant impact on populations [36].

Another critical area that is typically overlooked in the post-disaster landscape is the identification
and sharing of problems and lessons learned. Once the disaster is over, teams are asked to return to
their regular tasks as quickly as possible, such that “Practitioners don’t have enough time to think,
to learn, to gain knowledge” (KI#11). As reported by many Kls, subsequent crises arise and similar
problems are again encountered. For example, during the 2017 ice storm in New Brunswick (NB),
one KI observed that public health was not as prepared as it could be, noting that “We always have to
reinvent the wheel” (KI#12). This strongly expressed desire to improve learning from past events was
the most consistent finding across Kls interviewed.
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3.2.5. Putting Knowledge into Practice

The interviewees reported the science-policy-practice interface before, during, and after EPH
disasters is not as robust as it could be, at either the local or national level in Canada, or in the other
countries considered. Several interviewees from local organizations, within and outside the health
sector, mentioned working infrequently with researchers due to the demands of day-to-day operations.
The lack of systematic mechanisms to incorporate research and expertise into disaster management
was also noted. The first challenge identified was “making sure that we are asking the right questions
to inform and to learn from a given event” (KI#2). While accessing local data (e.g., environmental
monitoring, epidemiological investigations, victim registries, response information, and after action
reports) is essential to generate knowledge, as suggested by some Kls, such sharing can be
sensitive for partners involved in disaster response, including first responders, local authorities,
and non-governmental organizations. Various cultural backgrounds, lack of clarity in respective roles
and responsibilities, privacy issues, security clearance, fear of being judged, not having the mandate,
and competition might explain this phenomenon. The search of those responsible and/or the causes
after disasters is negatively perceived in many countries, which may become a growing obstacle to
learning from previous experiences.

Once knowledge is generated, this newly developed evidence has to be transferred from experts
and researchers to inform policies and practices. In the aftermath of the Fort McMurray wildfires,
“an evaluation of the psychosocial response and recovery was conducted through focus groups and
interviews to identify further needs and current gaps” (KI#4). These findings emphasize the importance
of having trained, dedicated staff who are tasked with taking on these “additional” data collection and
knowledge translation activities.

Another issue commonly reported is the need to adapt scientific knowledge to local context,
to make it clear and concise. Ideally, more user-friendly tools and resources would be produced
(i.e., third-generation knowledge): “There is a lot of knowledge, amazing amount of information,
really good evidence. The challenge is having the time to make it digestible” (KI#15). The same issue
has been raised regarding the Sendai Framework, which is much better known among academics
than practitioners. Although “it is important, it is not clear how it will materialize” (KI#13). Finally,
many local organizations are trying to develop a resource repository, but few have a comprehensive
one yet. For example, although the current Canadian Disaster Database (https://www.publicsafety.gc.
ca/cnt/rsres/endn-dsstr-dtbs /index-en.aspx) facilitates learning by identifying events geographically
and by types, Canada does not currently have a central repository to share resources (tools, reports,
etc.) and connect seekers to the experts involved.

3.2.6. Ensuring Sufficient Human and Financial Resources

Unsurprisingly, a recurring theme related to human and financial capacities. With few exceptions,
disaster risk management and capacity-building activities are not prioritized, leading to insufficient
funding and resources. According to many KIs, having trained, dedicated staff, either in local
authorities or in specialized branches at the national level, could certainly help. Local emergency
planners or coordinators have been found to play central roles in Canada and elsewhere. Although
more focused on acute care than public health, Health Emergency Management BC (HEMBC) has
been providing expertise, education, tools, and support since 2004 in BC, being “in charge of strategic
planning, priority setting, networking, and performance measures” (KI#1). Another issue raised
pertains to disaster research funding, which can be very complex. The first weeks following a disaster
offer a window of opportunity that should be exploited, as political commitment and willingness to
support research and long-term monitoring activities rapidly decrease thereafter. To secure funds,
some Kls proposed that “disaster research should be seen as a national priority, with disaster-specific
funding opportunities” (KI#11). Canada does not currently have an expedited research funding
or ethical review process in place to address the immediate aftermath of disasters. For example,
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CIHR offered $2 million in health research funding after the Fort McMurray wildfires, but this grant
competition did not start until October 2016 (i.e., a few months after the fires).

3.3. Promising Knowledge-to-Action Strategies

Throughout the multiple data sources examined, we discovered a wide range of effective solutions
already adopted by many countries worldwide to promote the integration of current knowledge into
emergency preparedness, response, and recovery. The objective of this project was not to undertake
an exhaustive inventory of these solutions, but rather to draw attention to strategies that might be
adaptable to the Canadian context. For each country surveyed, the most promising strategies have been
categorized according to the four types of KTA processes identified by Rhem [17] (i.e., socialization,
externalization, internalization, combination; see Table 2). Few, if any, innovative strategies were
found with respect to the internalization process, which refers to learning by doing (e.g., drills or
exercises). By contrast, a plethora of socialization strategies have been identified. These strategies,
all more creative than the internalization strategies, have two common denominators. First, they draw
on human capital. Second, whether they are deployed before, during, or after an EPH disaster, they all

promote more effective interplay of science, policy, and practice.

Table 2. Examples of promising KTA strategies.

Socialization

Externalization

Combination

Canada

Opportunities for professional
growth from mentorships at
Canadian Red Cross

Report on lessons learned by the
community after the 2016 Seaforth
channel spill

User-friendly Sharepoint® with
resources and tools shared on an
ongoing basis in Alberta

Lessons learned from Slave Lake
and Lac-Mégantic integrated into
the mental health recovery plan in
Fort McMurray

Book on the Lac-Mégantic tragedy
sharing lessons learned by health
and community networks

Environmental public health
response and recovery toolkit in
Alberta

Multisectoral debriefing after
Neptune Technologie explosion
that led to a better response in
Lac-Mégantic

Mapping of

responsibilities /accountabilities
following recommendations at
Canadian Red Cross

Emergency preparedness and
response working group in NB to
facilitate access to documents and
resources

During 2017 Quebec floods,
meeting with a city previously
affected by a major flood to learn
from past experiences

During 2017 Quebec floods, visit
of an expert on the ground to
share his knowledge

Provincial symposium organized
by HEMBC

United States

Local emergency planning
committees (federal mandate)

Rapid Needs Assessment
facilitated by CASPER toolkit

Lessons learned database at FEMA

Phone call organized by CDC
between 4 states affected after
Hurricane Matthew

Central office for all after-action
reports at CDC (problems and
corrections)

Disaster Lit®: 12,000 records
(grey literature) related to public
health disasters at NLM

160



IJERPH 2019, 16, 587

Table 2. Cont.

Socialization Externalization Combination

. . IH DR2 P : R i f
Midwest Consortium for arveys, auesonnaires proocols
Hazardous Waste Worker Training veys q a3 !

guidance, forms
Environmental Justice Summit
organized in Flint (Michigan)
Disaster epidemiology community
of practice
Disaster information specialists at
NLM
United Kingdom

Newcastle conference on
psychosocial impacts of
emergencies

Overview and Scrutiny
Committee in Newcastle following
after-action reports

Mapping of the Sendai
Framework implementation:
resources, projects, all sectors

Local resilience forums

PHE Centre for Radiation,
Chemical and Environmental
Hazards

UK Alliance for Disaster Research

Australia

Expert advisory panel/group
activated by Chief Public Health
Officer

Lessons from the community after
2009 Victoria bushfires

Mentoring network at the
Australian Red Cross

The Netherlands
Expert Group Health Research
and Care after Disasters and
Environmental Crises
Global

WHO Thematic Platform for
Health Emergency and Disaster
Risk Management Research Group

International Federation of Red

Cross Psychosocial Center website:

a lot of very useful resources

Global Public Health Intelligence
Network (GPHIN): a web-based
early-warning tool

UNISDR Scientific and Technical
Advisory Group

Evidence Aid: reliable, up-to-date
evidence on interventions in the
context of emergencies

WHO collaborating center on
chemical incidents

Weekly updates from the PHE
Global Hazards Weekly Bulletin

Mentorship programs among employees and/or community members appear well established
in the Canadian and Australian Red Cross organizations. For example, a mayor of a city previously
devastated by a bushfire could in turn support another mayor currently facing a similar situation by
sharing tools and lessons learned. Moreover, in the Netherlands and New South Wales (Australia),
expert advisory groups can be activated to assist health authorities dealing with complex issues
raised by environmental public health emergencies; depending on the situation, various types of
expertise (e.g., environmental health, mental health, epidemiology, toxicology) can be mobilized
within these jurisdictions to rapidly provide an overview of current scientific knowledge that might
inform decision-making [37].
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Various networks or communities of practice, both at national and international levels, have been
put in place to better incorporate scientific and/or local knowledge into practice. An example of this is
the WHO Thematic Platform for Health Emergency and Disaster Risk Management Research Group,
a growing international network of policy-makers, practitioners, and researchers [38]. This initiative,
recently underscored at the Global Platform in Cancun in May 2017 [39], is a good example of how
the various stakeholders in disaster planning and management can all work together more effectively.
An additional benefit of this global network whose members span all time zones is that the group can
collectively support the response to a disaster occurring anywhere in the world at any time.

Externalization and combination processes were less frequently reported than socialization.
However, two communities have released or are about to release reports on lessons learned after 2009
Victoria (Australia) bushfires [40] and the 2016 Seaforth Channel (Canada) diesel spill for public review
and as learning resources.

Various approaches combining KTA processes have been developed. The USA has some of the
most promising strategies, including “Lessons Learned Information Sharing”, a database set up by the
Federal Emergency Management Agency (FEMA), and a comprehensive repository easily available on
the National Library Medicine (NLM) website called Disaster Lit®. Through the latter, the NIH has
put together 12,000 records of hand-picked documents related to public health disasters from the grey
literature, including factsheets, guidelines, assessment tools, training material, reports, web pages,
and web sites [41]. Another example is Evidence Aid, an initiative that aims to improve access to
evidence on disaster-related health interventions, actions, and policies [42].

The city of Newcastle (UK) has demonstrated an exceptional degree of commitment to
emergency/disaster preparedness and response. The city has hired three emergency planners who
are fully dedicated to disaster management. Their work is undertaken in a multiagency space
(including public health), with joint risk assessment and planning and a community risk register that
drives the action plan. After every incident or exercise, a structured debrief is organized, as is often the
case in many other jurisdictions; however, in Newcastle such information is also presented as a report
to the city council and the “Overview and Scrutiny Committee” (led by the opposition), which together
look at all of the council actions. According to KI#21, giving politicians ownership of the report makes
the whole process open, transparent, and accountable. Local engagement and leadership has also
led to the incorporation of other KTA strategies, including the recent organization of a conference
entitled “Psychosocial Impacts of Emergencies” [43]. This event aimed to bring together people
from multiple levels and different agencies to foster collaboration, promote community engagement,
and raise awareness of the current gaps in disaster risk management.

4. Discussion

Authors translating knowledge to action by closing gaps between knowledge and practice is an
iterative, dynamic, and complex process [12]. This project aimed to identify factors influencing this
process, and explore solutions to promote the bridge between science, policy, and practice for disaster
management. Our results corroborate and expand upon the published literature. Several studies have
previously identified similar factors that may limit knowledge translation in disaster preparedness
and response, including gaps in basic knowledge, such as the lack of long-term observational and
interventional research [44-46], challenges in systematically collating and delivering lessons learned
from events, and difficulties in creating and sustaining effective community engagement [47-50].
And as with other studies [15], we also found several factors facilitating the uptake of knowledge,
including the importance that knowledge is tailored to local contexts and made actionable. Overall,
our interview results support the promotion of interactions between researchers, experts, and users
from all sectors to produce, disseminate, and make use of knowledge for the purpose of improving
disaster preparedness and management [51-53].

More specifically, five recommendations emerged from the interviews with Kls and
field observations:
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Community of practice: A pan-Canadian community of practice involving emergency managers,
public health practitioners, academics, local champions, Red Cross professionals, and any other
stakeholders interested in EPH disasters, should be hosted within a trusted organization to
support disaster preparedness. Within this community of practice, local initiatives could be
shared and general consensus or understanding could be achieved regarding best practices in
disaster response (e.g., risk assessment) and recovery (e.g., long-term monitoring). This would
also be the ideal setting for the development of standardized tools for disaster health research as
a basis for further action.

Roster of experts: Linked to the above community of practice, a roster of Canadian experts
(e.g., researchers, toxicologists, epidemiologists, environmental health, occupational health,
and mental health experts) should be created to support disaster response and recovery.
We anticipate that this network could be called upon as needed to form scientific advisory
groups to assist local authorities dealing with EPH disasters in both the short- and long-term.
Such an initiative could also increase collaboration and sharing of expertise between researchers
and EPH personnel in the field. Drawing on existing models (such as DR2), it would also lead to
the identification of relevant research questions and the development of a research agenda that
fits operational objectives [24,37,54].

Knowledge generation: A systematic mechanism to promote retention of learning from past
events is required. All types of knowledge gained responding to previous disasters should
be valued, whether this is first-, second-, or third-generation scientific knowledge, or local
knowledge such as success stories, pilot initiatives, and lessons learned from the field [13].
As part of recovery operations, emergency managers and EPH practitioners should take the time
to learn from their experiences and contribute to establishing a solid foundation upon which to
can build national capacities. Debriefs should involve multiple sectors and seek the input from
members of the community [55]. Standardized templates for after-action reports and a tracking
system for correctable issues should be made available. Their use should be legislated after any
exercise or real event in order to identify lessons, and most importantly to learn from them locally.
The storage of completed templates in a central location (publicly available) would facilitate
access to local knowledge and foster vertical and horizontal knowledge translation.

Knowledge transfer: There is an urgent need in Canada (and elsewhere) to gather and synthesize
disaster-related knowledge, and to transfer it to other communities, ideally using same central
space (i.e., a virtual repository) identified in item (3) above. This knowledge might take the form
of research findings, research protocols, practice guidelines, data collection tools and resources,
training and exercises materials, lessons learned, etc. Such a virtual repository could be developed
de novo, but Canadian documents could also be identified and shared through the extensive
repository of tools and resources available from the US (i.e., Disaster Lit®, an NLM resource guide).
Moreover, Canadian representatives should be appointed to the NLM Disaster Information
Specialist Program, which supports the provision of disaster-related health information resources
to the disaster workforce through a network of information professionals and librarians.
Guidance on Sendai Framework: Guidance for a better integration of the Sendai Framework into
health emergency management in the Canadian context should be developed. Such guidance
would be particularly helpful for a growing number of stakeholders wishing a paradigm shift
from disaster management to disaster risk management.

It is hoped our findings and recommendations will contribute to the identification and

implementation of concrete solutions that foster the creation and the use of knowledge before,
during, and after EPH disasters. Based on the challenges and successes identified during our
interviews, we believe that there is no single roadmap to incorporate EPH expertise and research
into disaster management. However, one thing is certain: these solutions should be developed not
only during but also (or primarily) before and after disasters. The search for solutions should be
based on the assumption that various types of knowledge translation processes are necessary [16].
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Their complementary nature should be exploited in such a way as to develop a pan-Canadian
framework that is adaptable to the needs of each province and territory, and other levels of government
or sectors.

Strengths and Limitations

This project is, to the best of our knowledge, the first to critically assess capacity for knowledge
management in EPH disaster settings in Canada. Our diverse sample of KIs represented a wide
range of Canadian perspectives: rural and urban, indigenous and non-indigenous, anglophone and
francophone, and from the east coast to west coast. This sample was further complemented by
respondents from other countries to capture perceptions, ideas, and experiences on a broader basis.
The measuring instrument (i.e., the interview guide) was based upon a standardized toolkit developed
by the WHO to assess capacities for crisis management [6]. Furthermore, examination of qualitative
data followed a rigorous protocol that helped to increase the internal validity of the data collected
for coding purposes. Finally, a steering committee composed of knowledge users from various
backgrounds accompanied the entire process, from the identification of the problem to the validation
of potential solutions.

There are inherent limitations to a qualitative approach based primarily on KI interviews. First,
the sample size was limited to 23 KIs. Our interviews also gathered opinions and ideas that may have
been influenced by many factors including past experiences, recall bias, social desirability, and hidden
agendas. In order to minimize the effect of those factors, we used additional sources of information
to complement the interview data. Our design has therefore facilitated triangulation of findings and
improved both reliability and validity.

5. Conclusions

Generally speaking, critical success factors for public health action include good governance,
development of strong and sound partnerships, dedicated capacity and resources, and use of evidence
to inform actions. Good governance is perhaps the single most important factor influencing the
effectiveness of emergency preparedness, response and recovery. Beyond structures and plans,
it is necessary to cultivate relationships and share responsibility for ensuring the safety, health,
and well-being of affected communities, while respecting the local culture, capacity, and autonomy.
Preparation for and management of EPH disaster risks requires effective long-term collaboration
between science, policy, and EPH practitioners at all levels in order to facilitate coordinated and timely
deployment of multi-sectoral /jurisdictional resources when and where they are most needed.
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Abstract: Climate change-related extreme events are increasing in frequency and severity.
Understanding household emergency preparedness capacity in Health-Emergency and Disaster Risk
Management (Health-EDRM) for at risk urban communities is limited. The main objective of the study
is to explore the association among risk perception, household preparedness, and the self-reported
short-term impacts of Typhoons for urban residents. A population-based, cross-sectional telephone
survey using random digit-dialling was conducted among Hong Kong adults within 2 weeks
following 2018 Typhoon Mangkhut, the most intense typhoon that affected Hong Kong, a subtropical
city, in thirty years. Among the 521 respondents, 93.9% and 74.3% reported some form of emergency
preparedness and typhoon-specific preparedness measure (TSPM) against Mangkhut, respectively.
Respondents who perceived a higher risk at home during typhoons and had practiced routine
emergency preparedness measures (during nonemergency periods) were more likely to undertake
TSPM. Of the respondents, 33.4% reported some form of impact (11.1% were household-specific) by
Typhoon Mangkhut. Practicing TSPM was not associated with the reduction of short-term household
impacts. Current preparedness measures may be insufficient to address the impact of super typhoons.
Strategies for health-EDRM for urban residents will be needed to cope with increasing climate
change-related extreme events.

Keywords: typhoon; hurricane; cyclone; strong wind levels; natural disaster; Health-EDRM;
household preparedness; urban; climate change related extreme events; subtropical city

1. Introduction

Typhoons, also known as cyclones or hurricanes depending on its location and strength, are
the most common natural hazard in the Asia Pacific and Southeast Asia region [1]. Doocy et al.
highlighted although the global hurricane/typhoon-related mortality trends have decreased in the past
seventy years, severe typhoons have increased in frequency in the last decade. Hong Kong, a densely
populated subtropical metropolis in Southern China, has on average 5-6 annual typhoons [2]. Between
1980-2010, only two T10 typhoons, the highest Tropical Cyclone Warning Signal, occurred, yet three
happened in one decade (2012, 2017, and 2018) [2]. Since 2018, the last typhoon-related death was
recorded in 1999; between 129 and 458 people were injured in the last three T10 typhoons. These
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climate-related events have brought on landslides, torrential rain, and flooding which led to cascading
impacts on the city. With climate change, more severe typhoons are expected, and the coping capacity
of typhoon-prone densely populated urban cities needs to be explored in order to plan for effective
disaster risk reduction strategies.

Health-emergency and disaster risk management (Health-EDRM) encompasses the systematic
analysis and management of health risks through the reduction and mitigation of hazards and
vulnerability in all stages of the disaster management cycle. Preventive measures to mitigate
disaster-related health risks are needed, which includes assessing the individual, household,
and community’s capacity for food security, clean water and sanitation, and injury prevention [3-5].
Health-EDRM research in Asia suggests that despite high knowledge about typhoons, people
have a low self-perception of the associated health risks and many do not adhere to government
warnings [6-8].

Recent studies in Hong Kong, a subtropical city, for urban disaster and emergency preparedness
found just over 75% of residents had some form of household emergency preparedness items
(first-aid kit, basic aid supplies, emergency food and drinking water, basic medication, and/or a
fire extinguishing equipment) [9]. Other studies in the same city indicated 69% of residents had not
taken any precautions when a severe weather warning was announced [10], and in a subsequent study,
82.3% did not perceive Hong Kong to be a city susceptible to disasters [11]. Few relayed the correct
responses to a typhoon warning signal, and they did not have adequate first-aid knowledge [12].
Notably, how personal risk perceptions and routine emergency preparedness might be associated with
household preparedness in extreme meteorological events have yet to be studied in Asia.

Typhoon Mangkhut, which swept across the Philippines, Hong Kong, and Macao in September
2018, was the second most intense storm which battered Hong Kong since recording began in 1946 and
was the most intense storm in the past three decades [13]. The typhoon, which landed in September,
had wind speeds reaching 161 km/h in Hong Kong and was classified as a T10; only sixteen of such
Tropical Cyclone Warning Signals have been hoisted in over seventy years [2,14]. It is equivalent to a
category two Hurricane according to the Saffir-Simpson Hurricane Wind Scale, comparable to the 2018
Hurricane Katia which left parts of Mexico in disarray [15]. The Philippines reported over 100 deaths;
while in Hong Kong, there were no fatalities, over 450 people were injured [16,17]. The objectives
of this paper are (1) to examine the household preparedness measures conducted, the responsive
activities undertaken, and the short-term impacts experienced by the Hong Kong community during
Typhoon Mangkhut; (2) to identify the associating sociodemographic factors of preparedness, response,
and impact; and (3) to explore the associations between risk perceptions, preparedness, responses,
impacts, and attitudes for future preparation. The findings will bridge the current knowledge gaps
associated with urban Health-EDRM for climate change related extreme events in Asia.

2. Materials and Methods

A cross-sectional study, population-based, household telephone survey using random digit
dialling, was conducted just over two weeks after Typhoon Mangkhut’s landing in September 2018.
The “last birthday method” was used to ensure randomization at the household level. The interviewer
would seek the household member whose birthday was the closest to the interview date to ensure
the respondent was randomly selected within the family unit. Hong Kong residents who understood
Cantonese and were 18 years old or above were interviewed. Verbal informed consent was obtained at
the start of each interview, and ethics approval was sought from the Survey and Behavioural Research
Committee at The Chinese University of Hong Kong (SBRE-18-075).

A multiple choice-based survey was used to collect self-reported information: (a)
sociodemographic information, (b) the floor lived on, (c) risk perception toward typhoons, (d) routine
household preparedness, (e) household preparedness measures for Typhoon Mangkhut, (f) activities
conducted during the typhoon period (whether they had left home when a typhoon signal T8 or higher
was hoisted, (g) whether they had paid attention to the weather conditions and the source of the
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information, and (h) the short-term impact brought on by Mangkhut. Other impacts reported but not
included in the multiple-choice options were recorded separately in text format. Short-term impact
refers to any impact occurring from the time when Typhoon Mangkhut approached Hong Kong to
the date of interview (from immediate to two weeks after landfall). Respondents were also asked to
comment on the information provided by the Hong Kong Government regarding Typhoon Mangkhut
and their willingness to prepare for future typhoons.

For the routine household preparedness measures, general preparedness actions enquired
included if basic supplies may be available for injury and wound management, possession of
medication to manage existing health conditions, and any other measures to maintain a general
state of health (Table 1). For the household preparedness measures for Typhoon Mangkhut, it included
the combination of the routine measures mentioned above and the typhoon-specific preparedness
measures (TSPM). Specifically, TSPM included (1) retrieving/storage of outdoor items that could be
blown away, (2) applying anti-leaking or anti-seeping measures, and (3) taping windows (Table 1).

Statistical analyses were performed using IBM SPSS, version 24. Descriptive chi-square (or X?)
tests and multivariable logistic regression were performed to identify the associations among typhoon
preparedness, typhoon risk perception, and sociodemographic factors. Covariates were selected for
the multivariable model based on the chi-square tests (p < 0.10). All odds ratios (OR) present in this
paper were adjusted odds ratios from the multivariable models.
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3. Results

Data collection was completed within 16 days (17 September 2018 to 2 October 2018) after the
landfall on 16 September 2018. The final sample size constituted to 521 valid respondents (response
rate was 31.6% among valid telephone numbers called), and the study sample comprised of 57.6%
women, 41.7% aged below 45, just over 50.0% that attained a post-secondary education, and 42.0% that
had a monthly household income of over $40,000 HKD (Table 2). The study sample was comparable
to the 2016 Hong Kong Census for gender and residential district, and consisted of slightly more
middle-aged adults (Table 2).

Table 2. The descriptive statistics about demographics, perception, preparedness, and impact.

Sampled Respondents (1 = HK 2016 Population by Sample vs
Demographics 521) Census Data (n = 6,506,130) Census )
n % n % p-Value ?
Gender
Male 221 42.4% 2,947,073 45.3% b
Female 300 57.6% 3,559,057 54.7% 0.202
Age
18-24 63 12.1% 785,981 12.1%
25-44 154 29.6% 2,228,566 34.3% 0.005 *
45-64 224 41.5% 2,328,430 35.8% :
>65 80 15.4% 1,163,153 17.9%
Area of residence
Hong Kong Island 102 19.6% 1,120,143 17.2%
Kowloon 164 31.5% 1,987,380 30.6% 0.219
New Territories 254 48.8% 3,397,499 52.2%
Education attainment
beirivmary and 56 10.7% 1,673,431 25.7%
Secondary 195 37.4% 2,841,510 43.7% <0.001%
Post-secondary 265 50.9% 1,991,189 30.6%
Marital status
Single 212 40.7% 2,708,709 41.6% b
Married 309 50.3% 3,797,421 58.4% 0.695
Income
<2000-9999 45 9.4% 480,117 19.2%
10,000-19,999 73 15.2% 547,784 21.8% 0.001 *
20,000-39,999 160 33.4% 699,450 27.8% <V
>40,000 201 42.0% 782,383 31.2%
Perceived home to be at high risk during typhoons (1 = 520)
Yes 49 9.4% - - -
No 471 90.4% - - -
Impact from Typhoon Mangkhut (n = 521)
Yes 174 33.4% - - -
No 347 66.6% - - -
Practiced at least 1 typhoon-specific preparedness (1 = 521)
Yes 387 74.3% - - -
No 134 25.7% - - -
Went out when typhoon signal was T8 or above (1 = 520)
Yes 83 16.0% - - -
No 437 84.0% - - -

2 The x? test was used to measure the overall difference between this survey and the 2016 Hong Kong Population
Census data. A p-value < 0.05 indicates a significant difference. ® The x? test with continuity correction was used.
*

p <0.05.
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3.1. Risk Perception and Preparedness Activities

Of the 521 respondents, 9.4% perceived their home to be at high risk of danger during typhoons.
For preparedness efforts during nonemergency periods, the most commonly reported routine
preparedness measures included the procession of basic first-aid supplies, e.g., Band-Aid’s and ace
bandages (95.2%); basic medication, e.g., pain killers (93.7%); and food supply (82.9%) (Table 1).
Specifically for Typhoon Mangkhut, the three most frequently reported routine preparedness measures
undertaken (out of six) included having extra food supplies (68.1%), a backup light source (54%),
and having basic medication (46.4%). When examining TSPM for Typhoon Mangkhut, 74.3% of
respondents practiced at least one (i.e., retrieved/stored outdoor items that could be blown away,
applied anti-leaking or anti-seeping measures, or taped windows). Of note, 6.1% of the respondents
reported undertaking no preparedness measure at all for Typhoon Mangkhut.

No significant associations were found between sociodemographic factors and a high typhoon
risk perception (p > 0.20) both before and after adjusting for the height of the residential location.
Results of univariable analyses (Table 3) showed a significant association between practicing at least
one TSPM and education (p < 0.001), age group (p < 0.001), and perceived risk (p = 0.023). The
association was sustained in the multivariable analyses for education (secondary vs. post-secondary,
OR = 0.48; 95% CI = 0.03-0.77), age group (25-44 vs. 65+, OR = 2.80; 95% CI = 1.39-5.65), and high
typhoon risk perception (vs. low perception, OR = 2.63; 95% CI = 1.07-650). Routine household
preparedness was also found to be associated with practicing at least one TSPM. Of those nine
routine measures, four measures were significantly associated with practicing at least one TSPM
after adjusting for gender, age, education, and risk perception. They were having had a first-aid
kit (OR = 1.79; 95% CI = 1.18-2.73), food supply (OR = 1.80; 95% CI = 1.08-3.03), fire extinguishing
equipment (OR = 3.13; 95% CI = 1.36-7.20), and a backup light source (OR = 1.69; 95% CI = 1.03-2.77)
(Table AT).
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3.2. Responsive Activities Undertaken during the Typhoon

The three main routes of seeking weather-related information about Typhoon Mangkhut was
television (52.6%), mobile apps (24.6%), and internet-based websites (14.2%). With the exception of
website usage, which had no special association with gender, women were more likely to use any of
the information channels mentioned above than men (p = 0.002). Most respondents (87.9%) felt the
Hong Kong Government provided enough information for respondents to prepare and respond to
Typhoon Mangkhut. Of public safety concern, 16.0% of respondents reported leaving their homes
when the storm was at its height of strength (i.e. the warning signal was T8 or above). Among those
who left their home, 74.7% reported such behaviour was for non-occupational and nonemergency
related reasons (such as going out for meals and to cinemas). Adjusted for gender and age, men
(OR =1.98; 95% CI = 1.22-3.22) and younger groups (18-24 vs. >65; OR = 3.40; 95% CI = 1.29-8.93)
were found more likely to go out for nonemergency and non-occupational purposes when the warning
signal was T8 or above.

3.3. Impact of the Typhoon

Of all the respondents, 33.4% reported experiencing short-term impacts resulted from the typhoon.
The most common impacts included road or traffic blockages which prevented respondents from
going to work or school after landfall (70.7%), power outages (14.9%), and home damages during the
typhoon (13.8%); less than 6% reported financial loss (of any form, such as cancelled trips and business
losses), item loss, and injury. Specifically for household impacts, 11.1% reported being affected, which
cited household damages, the loss of property, and power outages as the most common impacts. Our
study sample showed 4 (0.77%) respondents reported injuries, which were related to slipping and
wounds from broken glass.

Among the 74.3% who had practiced at least one TSPM for Typhoon Mangkhut, 37.2% reported
short-term impacts (12.9% specific to household impacts) by the typhoon. The univariable analysis
found respondents who did at least one TSPM were associated with a higher risk of having a household
impact due to Typhoon Mangkhut (p = 0.027) (Table 4). This association, however, became statistically
nonsignificant after adjusting for the perceived risk of typhoons.

3.4. Experiences and Future Preparedness

Half of respondents (49.9%) indicated they would prepare for future typhoons. Multivariable
analysis indicated that respondents who had applied at least one TSPM against Typhoon Mangkhut
(OR =3.07; 95% CI = 1.93-4.91), who were of the female gender (OR = 1.75; 95% CI = 1.18-2.58), and
who reported household impact from Typhoon Mangkhut (OR = 2.11; 95% CI = 1.08-4.12) were more
likely to prepare for future typhoons (Table 5).
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4. Discussion

The current study aims to explore the preparedness measures applied, the response activities
conducted, and the impact experienced by urban residents when Typhoon Mangkhut landed in Hong
Kong. The association among preparedness and response activities, impact, and willingness for
future preparedness, along with their associating factors were also evaluated. More than 90.0% of
respondents took up at least one preparedness measure against Typhoon Mangkhut, while more than
70.0% had applied at least one TSPM. People with a higher educational level, with a younger age,
with a higher risk perception, and who practiced routine household preparedness were associated
with a higher TSPM uptake. All respondents reported checking the weather information during
the typhoon. The most commonly used information acquisition routes were television broadcast
and mobile apps. However, during the typhoon, around 16.0% of respondents went out, and about
three quarters of them were out for nonemergency or non-occupational reasons. About one-third of
respondents reported some form of impact, and about 11% reported specific household impacts from
Typhoon Mangkhut. Among those who had applied at least one TSPM, 12.9% reported household
impacts. This study showed a higher risk perception was associated with more willingness to practice
TSPM. Practicing TSPM was, however, not associated with the risk of household impacts.

4.1. Preparedness

Consistent with previous studies [18], this study found that a higher educational level, a higher
risk perception, more routine emergency preparedness, and previous experience of impact were
positively associated with people who engage in disaster preparedness. Studies from China [6],
Japan [19], and the Philippines [20] have also reported positive links between risk perception and
willingness to mitigate typhoon-related risks. The study from the Philippines showed experiencing
previous impacts from typhoon disasters and a higher educational level was associated with better
perception of preparedness against typhoons [20], similar to the associations found in Japan [19]. This
current study also found people who engaged certain routine preparedness measures, such as having
a first-aid kit and backup light source, were 1-3 times more likely to prepare for Typhoon Mangkhut.
Studies about hurricanes in the United States did not find sociodemographic factors, such as education
and age, as associating factors of having disaster supplies (e.g., food supplies, a first-aid kit, and a
backup light source) [21]. This reflects the consistency in emergency preparedness for general disaster
risk and disaster-specific risk in the community, which may be reinforced by the higher awareness and
risk perception among this group.

Of note, compared to a study in Hong Kong (2012), the proportion of routine household
preparedness has decreased in five years from 75.1% to 70.6% (practicing at least three out of
five measures: having a first-aid kit, basic aid supplies, emergency food and drinking water, basic
medication, and fire extinguishing equipment) [9]. Although the pattern difference was not of statistical
significance (comparison of proportions: p = 0.06), the decrease suggested disaster risk awareness
should be reinforced in the community for enhancing public health emergency preparedness with the
face of more challenging meteorological conditions associated with climate change [22]. Inconsistent
with another study which found 69.0% of people did not prepare during a severe weather warning,
this study reported only 6.1% of respondents did not do any preparedness measures for Typhoon
Mangkhut [10]. Besides the different sample methods adopted, the contrasting results may be due
to a preference of Hong Kong residents to prepare for typhoons over other extreme weather events
such as rainstorms, landslides, and thunderstorms, all of which are also categorized under severe
weather warnings.

4.2. During the Typhoon

In spite of the Hong Kong Government’s Weather Services warning to stay indoors until winds
were reduced to moderate severity, 16.0% of respondents had reported to have ventured outside when
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the storm was the strongest and most of them were out for nonemergency reasons. Although this
figure is much lower in comparison to a previous local study (where 20.6% of respondents said that
they would be “staying in a safe place until the T8 Tropical Cyclone Warning had passed” [12]), it may
indicate the community regarded the Typhoon Mangkhut more seriously than previous typhoons.
More efforts should be invested to prevent people from venturing outside for nonessential and
unnecessary reasons. Leaving or travelling between shelters during strong winds may result in higher
risks of injuries due to an increase length of exposure to hazards, e.g., flying objects [23]. This could
also add an extra burden to the emergency response system and may even delay rescue for people
with more pertinent needs.

Compared to other Chinese community [6], our urban community was more attentive to
typhoon signals (100% vs. 54.8% in Zhejiang). Television was the most commonly used channel
of communication for weather information in the community, which was on par with previous studies
on information acquisition in Hong Kong about temperature events, infectious disease, and other
disasters [12,24-26], in rural Zhejiang, China [6] and in the Philippines [20]. Despite the increase in use
of mobile devices and apps, television still remains as the most commonly used channel for typhoon
signals in both urban and rural communities.

4.3. Health Impacts

Official report indicated that no deaths and 450 injuries were directly resulted from the 2018
Typhoon Mangkhut in Hong Kong, yet this study found an injury rate of 0.77% among all respondents.
If the event-specific injury rate was applied to the population of 7 million in Hong Kong (Table 2),
there might be more than 50,000 unreported injury cases of varying severity. Although this is a crude
estimation, the potential health impacts and the possible allocation of resources involved should be
noted and considered for future disaster action plans. Most literature report injury figures based on
public hospital records which may not include cases that did not seek professional medical assistance;
the types of injury and other related disaggregate information also tend to be unavailable. Typhoon
Hato in 2017, also categorized as a T10, killed at least ten people and caused 240 injuries in Macao [27].
In the west coastal cities of Japan, including Osaka and Kyoto, at least 11 deaths and 400 injuries have
been reported due to Jebi in 2018, the strongest storm in Japan for 25 years [28], and in New York City,
43 deaths were reported caused by hurricane Sandy in 2012 [23]. The results of this study infer the
injury figures reported in Macao [27], Japan [28] and New York City [23] might be underestimated as
less severe cases which did not required hospitalizations though could cause public health problems
might not be reported.

Currently, there are not many studies reporting the short-term health impacts of climate
change-related storms on urban cities, especially for those with densely packed high-rise buildings like
Hong Kong. This is important as the disaster impacts faced by the cities with and without high-rise
buildings can vary drastically. For example, drowning due to flooding is one of the major health risks
during storms [23], but it is less commonly reported in cities with densely packed high-rise buildings.
A study found climate change has increased the intensity of typhoons in the East and Southeast Asia
in the past few decades [22]. Coastal Asian cities in Korea, Japan, China, and Taiwan will become more
vulnerable [22]. Coastal megacities such as Tokyo, Osaka, and Shanghai will be under an even higher
risk due to the large and highly dense population. This study showed that injuries, mainly caused by
falls, were the major health risks during the strong typhoon in Hong Kong. More evidence about the
specific health risks during storms for high-rise building cities is needed.

4.4. What is the Gap Found in this Study

The biggest gap identified in this study is the effectiveness of the study TSPM in reducing
storm-related impacts. This level of household preparedness may not be enough or appropriate for
super typhoons as those who applied at least one TSPM were not associated with a lower risk of
household impacts during the typhoon. This goes against the common understanding that appropriate
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preparedness should be able to reduce adverse effects during unfavourable events. Most of the
household impacts reported, such as household damages and the suspension of the electricity or water
supply, were uncommon typhoon impacts experienced in Hong Kong and are hardly preventable
through applying the household protective measures mentioned in this study, such as taping windows.
Other severe impacts were also reported from local media such as dizziness from swaying high-rise
buildings, injuries from falling air conditioners, and the battering of construction sites where an
elevator shaft had collapsed [29,30]. This further questions whether the current typhoon preparedness
measures provide enough protection for super typhoons like Typhoon Mangkhut. Furthermore, there
were disaster response and recovery measures which could not be addressed by individuals. One of
the most common issues is road blocks, which in extreme events directly hinders relief efforts [31,32],
but less is known about how it affects the daily routine of local residents, also referred to as secondary
stressors [33]. The Hong Kong government reported 46,500 fallen trees that blocked major roads and
several overhead rail lines [16]. Other unexpected health risks that arose included falling glass from
twenty-story-high windows, of which mitigation efforts require more than just from homeowners but
also input of various expertise from architecture and civil engineering.

4.5. Limitations

The cross-sectional nature of this study meant the inferences are limited to associations and the
causation cannot be attributed. In addition, the landline telephone survey study design naturally
excluded households without a landline; and in Hong Kong, residential landline penetration reported
a decreasing rate from 102.6% in 2013 to 89.0% in 2018 [34]. Moreover, reporting bias may occur
as as preparedness activities were self-reported and could not be validated. The current study also
lacked the household location precision in Hong Kong and could not ascertain whether they were
objectively at greater risk to assess the accuracy of the self-reported risk perceptions. The greater
proportion of higher educated and higher income respondents might have also biased the results.
Also, risk perceptions may have been biased based on the exposure to Typhoon Mangkhut, which
may overestimate the association between typhoon exposure and risk perceptions. This study also
only focused on the short-term impacts of the typhoon; the long-term impacts, such as psychiatric
morbidity [35], and economic impact from the typhoon could not be included. Yet, despite the
limitations, telephone surveys still offer the best opportunity to obtain quick overviews of various
health and acute emergency impact status of the community [9,36]. As the survey was conducted just
over two weeks following Typhoon Mangkhut, it may also reduced recall bias.

4.6. Implications

With climate change, more frequent and more intense typhoons may affect the Southeast Asian
regions [22,37]. Residents, as well as the government and other stakeholders, should be aware of the
potential risks arising from climate change-related disasters and should be prepared for new challenges.
Effective protective measures should also be identified, evaluated, and applied to minimize avoidable
risk, especially for densely populated high-rise building cities. More proactive Health-EDRM measures,
such as having windows checked and repaired before typhoon seasons, should be considered and
promoted. Our results indicated that the practice of routine emergency preparedness, risk perception,
and education level were associated with a higher uptake rate of protective measures against typhoons.
This suggests increasing the awareness and educational promotion, in particular targeting people with
a lower educational level. Relevant stakeholders should also help encourage community preparedness
and evidence for future policy-level disaster preparedness plans [11]. Research with long-term follow
up on trends and community perception and behaviour changes will be important to ensure relevant,
appropriate, and effective household protective measures against future extreme weather events.
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5. Conclusions

The results of this cross-sectional telephone survey study suggested that even the high uptake
of TSPM might not be effective in preventing related adverse impacts in the face of a super typhoon.
Effective protective measures should be identified, evaluated, and applied to cope with the possibility
of more intense typhoons and other unprecedented risks. Low urban risk perception and the fact that a
considerable proportion of respondents venturing out during strong winds found in this study further
urges the need to raise the awareness and preparedness practices among the community against
typhoons and strong wind events. Education level and risk perception were found associated with the
uptake of the TSPM; hence, educational promotion is suggested to raise awareness and to encourage
the community to be better prepared. This is of timely importance since climate-related natural
disasters are expected to increase in frequency and severity due to the effects of climate change [22].
The commonplace and prevalence of disasters, no matter the scale, should not inhibit emergency and
disaster contingency plans from being updated or further adapted by the latest scientific evidence.
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Appendix A

Table A1. Association of practicing at least 1 typhoon-specific preparedness measure (TSPM) and
routine household preparedness measures.

Multivariable Logistic Regression—Practiced at Least 1 Typhoon-Specific Preparedness (1 = 515)

Variables
Routine Fire .
Household First-Aid Kit Food Supply Basic Medicine Extinguishing Back Up Light
2 Source
Preparedness Equipment
Yes 1.79 (1.18-2.73) **  1.80 (1.08-3.03) * 1.69 (0.75-3.65)  3.13 (1.36-7.20) **  1.69 (1.03-2.77) *
No 1 1 1 1 1
Education
Primary 0.65 (0.31-1.35) 0.65 (0.31-1.35) 0.62 (0.30-1.29) 0.62 (0.30-1.28) 0.58 (0.28-1.19)
Secondary 0.51(0.31-0.82) **  0.48 (0.30-0.78) **  0.48 (0.30-0.78) **  0.47 (0.29-0.77) **  0.49 (0.30-0.79) **
Post-secondary 1 1 1 1 1
Gender
Male 1 1 1 1 1
Female 1.14 (0.75-1.75) 1.11 (0.72-1.71) 1.16 (0.76-1.78) 1.20 (0.78-1.85) 1.16 (0.76-1.78)
Age
18-24 1.60 (0.69-3.75) 1.63 (0.70-3.80) 1.70 (0.73-3.97) 1.73 (0.74-4.04) 1.70 (0.73-3.96)
25-44 2.61(1.28-5.30) **  2.69 (1.33-5.46) **  2.69 (1.33-5.46) **  2.79 (1.38-5.66) **  2.89 (1.43-5.87) **
45-64 1.33 (0.75-2.37) 1.43 (0.81-2.54) 1.40 (0.79-2.48) 1.37 (0.77-2.43) 1.49 (0.84-2.64)
65+ 1 1 1 1 1

Perceived home to be at high risk during typhoons

Yes
No

2.67 (1.08-6.60) **
1

2.82 (1.14-7.00) *
1

2,65 (1.08-6.55) *
1

2.65 (1.07-6.55) *
1

2.49 (1.01-6.15) *
1

*p <0.05. % p <0.01.
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Abstract: In October 2018, at Asia Pacific Conference for Disaster Medicine (APCDM), an expert
meeting to identify key research needs was organized by the World Health Organization (WHO)
Centre for Health Development (WHO Kobe Centre (WKC)), convening the leading experts from Asia
Pacific region, WHO, WHO Thematic Platform for Health Emergency and Disaster Risk Management
(Health-EDRM) Research Network (TPRN), World Association for Disaster and Emergency Medicine
(WADEM), in collaboration with Asia Pacific Conference for Disaster Medicine (APCDM) and Japan
International Cooperation Agency (JICA). International experts, who were pre-informed about the
meeting, contributed experience-based priority issues in Health-EDRM research, ethics, and scientific
publication. Two moderators, experienced in multi-disciplinary research interacted with discussants
to transcribe practical issues into related methodological and ethical issues. Each issue was addressed
in order to progress research and scientific evidence in Health-EDRM. Further analysis of interactive
dialogues revealed priorities for action, proposed mechanism to address these and identified
recommendations. Thematic discussion uncovered five priority areas: (1) the need to harmonize
Health-EDRM research with universal terms and, definitions via a glossary; (2) mechanisms to
facilitate and speed up ethical review process; (3) increased community participation and stakeholder
involvement in generating research ideas and in assessing impact evaluation; (4) development of
reference materials such as possible consensus statements; and (5) the urgent need for a research
methods resource textbook for Health-EDRM addressing these issues.

Keywords: health emergency and disaster risk management (Health-EDRM); Sendai Framework
for Disaster Risk Reduction;, WHO Thematic Platform for Health-EDRM; research methods;
ethics; glossary

1. Introduction

At the Asia Pacific Conference for Disaster Medicine (APCDM) [1], October 2018, an expert
meeting to identify key research needs in major research areas was organized by the World Health
Organization (WHO) Centre for Health Development (WHO Kobe Centre (WKC), convening the
leading experts from Asia Pacific region, WHO, WHO Thematic Platform for Health Emergency
and Disaster Risk Management (Health-EDRM) Research Network (TPRN), World Association for
Disaster and Emergency Medicine (WADEM). An expert meeting was conducted along with aseries
of progresses in scientific aspects of the implementation of the 2015 Sendai Framework on Disaster
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Risk Reduction (SFDRR) [2], the resulting document of the Third UN World Conference on Disaster
Risk Reduction (WCDRR), included the establishment of TPRN [3,4] and following journal papers
on recommended Health-EDRM research activities [5,6]. Through the expert meeting and related
review of literature and existing projects and activities, key research needs in five major Health-EDRM
research areas were identified.

The Health-EDRM Network identified one major area of work that is important to address was
clarity in relevant ‘Research Methods and Ethics’. The broad intersection of health and disaster risk
reduction has resulted in an area of work now known as Health-EDRM which encompasses emergency
and disaster medicine, disaster risk reduction, community health resilience, health system resilience,
and impact of changing climate on health. Public health response during and after disasters has
traditionally been focused on protecting populations from immediate threats [7]. Health-EDRM
research involves the systematic analysis and management of health risks in emergencies and disasters
by reducing the health risks and vulnerability. The complexity of undertaking research in disasters,
and complying with ethical standards for these research, is critical but often much more difficult to
ensure. This paper summarizes the outcome of the discussions and the proposed actions needed to
support the delivery of Health-EDRM research.

2. Material and Methods

Prior to the meeting a range of international experts contributed experience-based priority issues
in Health-EDRM research, ethics and scientific publication. It is of note that even in 1997, Stallings was
able to state that “ ... it is the context of research not the methods that makes disaster research unique” [8].
The lead discussant, the rapporteur, and the other experts who participated to the discussion primarily
aimed to identify priorities in scientific evidence on Research Methods and Ethics in Health Emergency
and Disaster Risk Management Research focused on questions and issues to fill these gaps. In addition
to identifying knowledge gaps, experts also aimed to assess knowledge-to-practice gaps in order to
better integrate current expertise and research in this area into each phase of disaster risk management.
Following a preliminary literature review and expert consultations, a series of questions that were
thought to be very important to address for building better understanding of research methods and
ethics in Health-EDRM included

(a) What are the definitions of research methods and technical terms for Health-EDRM?

(b) How can impact evaluation methods for intervention and qualitative—quantitative mixed
methods be standardized?

() How can the publication process for Health-EDRM research become more systematic
and effective?

Those participated in discussion were leading experts in Health-EDRM as well as country
experts in disaster and emergency, and came from multiple disciplines such as public health,
emergency medicine, nursing, and health care management. They discussed major issues in
Health-EDRM research from practitioner viewpoints and different regional perspectives. Each issue
was addressed by active discussion of participants with the aim of addressing priorities and actions
on how to progress research and scientific evidence in Health DRM. Interactive dialogues noted
simultaneously into minutes of discussion were further analyzed by the moderators into the gaps,
proposed mechanism to overcome the gaps and to provide a summary of recommendations.

3. Results and Discussion

Experts from different parts of the globe participated in this thematic group discussion.
The findings from this discussion were wide ranging. It was noted that research findings from
disaster research is not easily translated into different contexts of the many countries around the
world, and there were challenges and difficulties in implementing practices in addressing national
health system, cultural and religious issues before, during, and after interventions. These issues were

186



IJERPH 2019, 16, 770

difficult to address without more complete and systematic evidence to inform Health-EDRM policy
and practice. Although translating research findings into policy is the ambition of many researchers
and practitioners in order to develop evidence-based policies, there are issues of how much researchers
can communicate with policy makers in comparison to the opportunities to facilitate policy makers’
uptake of research findings. A key strategy to overcome this barrier is stakeholders” involvement and
community participation since the development of research ideas in designing phase of the research
project. For example, research in disaster affected area might recruit participants who were disasters
casualties and there should be rules and regulation especially listing ethical ‘don’t’s such as providing
food as an incentive for participation in the research. For instance, food is sometimes used as incentive
for the participation in the research, in some context. However, in the disaster and emergency situation,
food is the basic need provided as the humanitarian aid regardless of participation in the research.
Thus, if food is used as incentives for research recruiting such persons, it might be forcing someone
to participate in the research, in the fear that they cannot receive food supply. Therefore, it is not
appropriate to use food as incentives in Health-EDRM research.

Thematic discussion in the meeting uncovered five priority areas: (1) the need to harmonize
Health-EDRM research with universal terms and definitions via a glossary; (2) mechanisms to facilitate
and speed up ethical review process; (3) development of reference materials such as possible consensus
statements; (4) increased community participation and stakeholder involvement in generating research
ideas and in assessing impact evaluation; and (5) and the urgent need for a textbook for Health-EDRM
research addressing these and other issues. Discussions also agreed that there was a need to harmonize
definitions in Health-EDRM research with universal terms, and the development of a glossary of
definitions. Such a glossary could promote common understanding and common usage of concepts,
terms, and aims for Health-EDRM. If undertaken by WHO, the glossary might have the additional
advantage of being translated into the WHO official languages. Even though the United Nations Office
for Disaster Risk Reduction (UNISDR) convened an Open-ended Intergovernmental Expert Working
Group (OIEWG) to report on indicators with recommended terminology relating to disaster risk
reduction, which was delivered in 2016 [9], and adopted by the UN General Assembly on 2 February
2017 and updated the 2009 UNISDR Terminology on Disaster Risk Reduction [10]; however, not all the
necessary Health-EDRM terms were included in these or other terminologies.

The need to find mechanisms to facilitate and speed up ethical review process was addressed
and the need to quicken the review process for disaster research ethics was noted as being complex
and very dynamic. A basic requirement was to agree on methodological terms and should reflect
research undertaken in the spectrum of disaster chronology such from preparedness and risk reduction,
to emergency management, and to post disaster rehabilitation. One key suggestion was the requirement
to reduce the review time for ethical approval with, wherever possible, with pre-agreed ethical approval.
As Chan et al. (2019) pointed out their recent Lancet editorial that “research stakeholders have a
responsibility to protect the interests of communities involved in research, achieving this is rarely
straightforward in emergencies” [11]. From the discussion that it would require international consensus
among the professionals and researchers, possibly using as good practice models the CONSORT
(Consolidated Standards of Reporting Trials) statement for randomized controlled trials [12,13] and
STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) statement for cohort
studies [14,15]. Additional models of good practice such as the Guidance for Managing Ethical Issues
in Infectious Disease Outbreaks [16] and the Health Emergency and Disaster Risk Management fact
sheet on ETHICS [17] were thought to be practical and helpful examples. More data on these topics
to address Health-EDRM were considered to be of importance. Once a research proposal can fit in a
standardized check list, the ethical committee should be able to agree the research proposed via an
expedited channel.

Such activities could be part of the development of reference materials such as possible consensus
statements. Such consensus statement provide a checklist of methodology details which allows
researcher to check the proposal themselves. Ethical committee can quickly assessthe quality assurance
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and safety through the list, speeding up the approval. Therefore, it is very essential step to develop a
consensus for disaster research.

The call for increased community participation and stakeholder involvement in generating
research ideas and in assessing impact evaluation was considered and the need to listen to the voice of
the affected and their community leaders and local representatives is increasingly critical. However,
relatively few Health-EDRM reports on community participation and stakeholder involvement in
generating research ideas were shared in the discussion. There are examples of where research to
address stakeholder involvement in health research, such as the recent report from Kapiriri (2018) [18],
but it is not from emergency or disaster research. Very little has been published definitively on this area.

Much more is described in the quest of methodological rigour for impact evaluation. The experts
brain-stormed how can impact evaluation apply quantitative methods in additional to commonly
applied case-studies in disaster research.

Impact evaluation is usually applied to see how a research programme works well in a particular
setting. It is a term understood readily by multiple stakeholders whereas it dictates how to measure
the outcome an intervention in basic research methodology. There are many methodological tools
to measure how an intervention brought about changes in comparison to pre-existing situation or
in comparison to naive control group. A proposed intervention should be tested by efficacy and
effectiveness trials before it comes into the guidelines and practice. It was considered that the synthesis
of evidence would be primarily through the process of systematic reviewing and, if appropriate,
modelling and cost effectiveness decision analysis [19]. The efficacy depends on how the intervention is
planned to measure (design), how accurate are the measurement tools (validity and reliability) whereas
the effectiveness will inform how robust is the intervention in the real world setting. Furthermore,
the scalability of intervention will be challenged by the economic, social, and political context and the
resource need. It would be important to follow process recommended where possible by organisations
and their reports of activities that are already engaged in working in this area such as WHO [20,21],
UK Medical Research Council [22], Organisation for Economic Co-operation and Development [23],
and the Humanitarian Policy Group at the Overseas Development Institute and its Good Practice
Review [24] with its chapter on Monitoring and Evaluation [25,26].

Diverse research methods from case studies, natural experiment designs and randomized
controlled trials can be applied in impact monitoring and evaluation. For example,
clinical epidemiology is a discipline to determine clinical outcomes applying tools of epidemiology.
Likewise, epidemiological tools can be selected to match where and how they would be applied in
Health-EDRM research but are often less easy to monitor and evaluate as they are used in more
difficult environments. Through the synergy of Health-EDRM experts and the discussion on research
methods, designs, and tools, it might be possible to encourage selection and use of more appropriate
mechanisms. Events to gather such multidisciplinary professionals such as international workshops
are important opportunity to generate the list of strategic research methodology tools. Relatively few
resources for disaster risk reduction and management research methods have been identified and
some excellent examples are cited below [27-32]. However most of these do not specifically address
the full range of Health-EDRM research domains. Therefore, it is considered that there is relatively
little currently that reflects the wide needs of Health-EDRM researchers, practitioners, and policy
makers. Therefore, a text book linked to a website for easy updating is needed and such a resource
could be tentatively entitled “research methods for health emergency and disaster risk management”.
This would be a rewarding endeavor and would be beneficial to the establishment of the WHO
Thematic Platform for Health Emergency and Disaster Risk Management Research Network.

4. Conclusions

It is hoped this paper on key issues in research methods and ethics in health emergency and
disaster risk management will contribute to the identification and implementation of concrete solutions
that foster the creation and the use of knowledge for research and ethics building resilience before,
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during, and after disasters. In the discussion, issues were raised on potential gap areas in the
disaster research methodology: impact evaluations; Consensus on the definitions; development of
common research statements like the CONSORT or STROBE for disaster research; how research
findings in disaster research can be translated into different contexts of the many countries around
the world; and the need to develop the textbook in disaster research methodology to help guide
international researchers.

As for other major Health-EDRM research areas, research and ethics requires collaboration
between experts, decision-makers, practitioners, and communities in order to facilitate coordinated
response when and where it is most needed. It is critical a text book is created to provide a reference
which would be fundamental and global contribution to the establishment of the WHO Thematic
Platform for Health Emergency and Disaster Risk Management Research Network.
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Abstract: In October 2018, the World Health Organization (WHO) convened a meeting to identify
key research needs, bringing together leading experts from WHO, WHO Thematic Platform for
Health Emergency and Disaster Risk Management (Health-EDRM) Research Network (TPRN), World
Association for Disaster and Emergency Medicine (WADEM), the Japan International Cooperation
Agency (JICA), and delegates to the Asia Pacific Conference for Disaster Medicine (APCDM) 2018.
The meeting identified key research needs in five major research areas for Health-EDRM. One of
the five major research areas was “Health data collection during emergency and disaster”. Experts
for this research area highlighted WHO Emergency Medical Team Minimum Data Set (EMT MDS),
a standardized medical data collection method during and after disasters, as an example of substantial
progress, with knowledge gaps and challenges in implementation in some regions and countries
(i.e., information collection methodology in medical facilities of affected local areas, seamless and
practical connection between acute phase data collection and post-acute phase local surveillance).
The discussion on this research area also identified key research needs in standardization of broader
health-related data to inform effective Health EDRM (i.e.,, community vulnerabilities, hospital
functional status, infrastructure, lifelines and health workforce).

Keywords: health emergency and disaster risk management (H-EDRM); Sendai Framework
for Disaster Risk Reduction; WHO Thematic Platform for H-EDRM; Emergency Medical Team;
Emergency Medical Team Minimum Data Set; epidemiology; Public Health Surveillance

1. Introduction

In October 2018 at the Asia Pacific Conference for Disaster Medicine (APCDM) 2018 [1], an expert
meeting to identify key research needs in major research areas was organized by the World Health
Organization (WHO) Centre for Health Development (WHO Kobe Centre (WKC)), convening the
leading experts from the Asia Pacific region, WHO, WHO Thematic Platform for Health Emergency
and Disaster Risk Management (Health-EDRM) Research Network (TPRN), World Association for
Disaster and Emergency Medicine (WADEM). The expert meeting was conducted, along with progress
in the scientific aspect of the implementation of the Sendai Framework on Disaster Risk Reduction
2015-2030 [2], the resulting document of the 3rd UN World Conference on Disaster Risk Reduction
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(WCDRR), including establishment of TPRN, and following journal papers on recommended H-EDRM
research activities [3-6]. Through the expert meeting and related review of literature and existing
projects and activities, key research gaps in five major H-EDRM research areas were identified.

“Health Data collection before, during and after emergencies and disasters” is one of the five
proposed major H-EDRM research areas. To conduct effective and timely health support in disaster
relief and recovery activities, accurate and comprehensive health-related data is essential. Relief
activities not based on relevant and accurate data could lead to negative impacts on recovery, related
to the “do no harm” principle of Mary B. Anderson [7]. There have been a number of challenges in
data collection in affected areas such as safe access to affected areas, preparing resources for data
collection, obtaining informed consent from disaster victims, and fragmentation in data collecting and
reporting methodology among different relief teams. All of these challenges cause a significant lack of
scientific evidence in Health EDRM, especially the research with quantitative health data. For example,
a MEDLINE search with MESH term “Disaster Medicine/statistics and numerical data” hit only
14 articles [8], which indicates a strong requirement of improvement in research and development of
related methodology and tools for health data collection during and after disasters.

2. Material and Methods

The expert discussion of this research theme primarily aimed to identify recommended contents
and source of health data to be collected, with reviewing the current available tools, methods and
background systems and regulations in disaster relief activities. For the follow up of the expert meeting,
a supplementary literature review and online discussion among the experts were conducted.

3. Results

Through the expert meeting based on a preliminary literature review, follow up online discussion,
and a supplementary literature review, the experts developed the two research questions to be
addressed, below. The greater details of the background of the proposed questions are described below.

(a) What are the national and regional challenges inhibiting implementation of the WHO
standardized medical data collection systems during and after emergencies and disasters?

(b) What is the broader health-related data needed to inform effective Health-EDRM, i.e., community
vulnerabilities, hospital functional status, infrastructure, lifelines and health workforce?

Firstly, the experts highlighted some key points for effective and practical data collection and
utilization, including the “keep it simple” concept, which recommends simple and concise data,
timely data collection for basic statistics in the manner to support operation, effective connection
between collected data and ongoing response activities (i.e., recommendation to include geographical
information).

Secondly, the current tools, methods and background systems and regulations in disaster relief
were reviewed. A disaster is defined as a situation or event which overwhelms local capacity,
necessitating a request for national or international level of assistance [9]. Although local health
facilities are expected to function as a fundamental resource for disaster response, previous events
revealed that local facilities often lose their functionally in major disasters. In a major disaster,
a surge of affected patients further overwhelmed the damaged local capacities. To support local
capacities by fulfilling the supply gaps, Emergency Medical Teams (EMTs), defined as a “groups of
health professionals and supporting staff providing health care specifically to disaster- and health
emergency-affected populations” are deployed to affected area [10]. To register as an EMT, verified
by WHO, the team needs to meet EMT minimum standards, prepare resources for their activities by
themselves, and regularly report their activities and status during their relief activities [11]. This nature
of EMT supports the rationale for EMT to take a fundamental role for health data collection during
and after disasters in collaboration with local capacities and under the agreement of affected countries.
As EMTs can be deployed from different countries and organizations, the standardization of the data
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collection and reporting system has been a great challenge. Responding to this challenge, in 2017
EMT Minimum Data Set (MDS), a standardized medical data set to be collected and reported by EMT,
was developed [12]. The fact that MDS became available was evaluated as an example of significant
progress in health data collection by all of the experts who participated in the meeting.

Following the consensus on the improvement in health data collection by the development of
MDS, the experts focused on the gaps and research needs for further comprehensive data collection
to inform timely and effective disaster response and recovery. The expert meeting, and a following
supplementary literature review, concluded that there is no internationally agreed or standardized
methodology for public health data collection during and after a disaster, which indicates the
substantial quality gaps between countries in post-acute phase health data collection and following
response. The source and available tools and methods for health data collection are listed in Table 1.

Table 1. Source and available tools or methods for health data collection during and after emergencies
and disasters.

Source of Data (Reporter) Acute Phase Post-Acute Phase
Emergency Medical Team (EMT) WHO EMT Minimum Data Set (MDS) (Demobilization)
Local Facilities (i.e., Hospitals) (Often difficult to function to collect data) Local surveillance
Public Health Sector (No international consensus) Local surveillance

Based on the proposed list of sources and tools for health data collection, several research
priorities were identified. First, regarding the acute phase data collection, although WHO EMT MDS is
available, some countries are not ready to implement it and need capacity-building and training to
adapt their national system to meet international reporting standards. Experts supported research to
analyze the best practices of and lessons from the implementation of MDS, for future effective capacity
development in different countries.

Second, regarding data collection by and from local facilities, given the damaged capacity of local
facilities during the acute phase, research on effective information collection and sharing systems
through the collaboration between local facilities and EMTs is worth conducting. To address this
research priority, including broader public health and environmental concerns (i.e., infrastructure,
lifelines, hospital functional status, and health workforce available in communities) should
be considered.

Third, in connection with the above-mentioned broader data collection, because there is no
internationally agreed or standardized tool or method, research on setting up essential public health
data for disaster response is expected to be conducted. The development process of WHO EMT MDS
would inform the establishment of the broader data set.

Fourth, the experts also emphasized the critical knowledge gaps in an effective and harmonized
transition from the acute phase, often relying on EMT activities to the post-acute phase relying on
local capacities. Research on the seamless and effective connection of activities in those two phases
is required.

4. Discussion

This expert discussion highlighted the needs and priorities in health data collection with a focus
on on-site relief activities and medical support. To address the identified research needs for more
comprehensive data for disaster response and recovery, inclusion of experts from other sectors such as
United Nations International Strategy for Disaster Reduction, the World Bank and United Nations
Development Programme will be the key. While the focus of this expert meeting was on post-disaster
health data collection, understandably proper collection of baseline data before the disaster is essential
to conduct efficient health emergency management.

In the Asia Pacific Region there are ongoing efforts to implement MDS, including the establishment
and implementation of Surveillance in Post Extreme Emergencies and Disasters (SPEED) in the

195



IJERPH 2019, 16, 893

Philippines, and the Japanese version of SPEED (J-SPEED). Those two data collection systems have
already been used for large scale data collection. For example, in Japan, the health data of 8089
patients in the Kumamoto Earthquake in 2016, 3620 patients in the West Japan Heavy Rain in 2018
and 591 patients in the Hokkaido Earthquake in 2018 were collected through the J-SPEED system,
and are being analyzed quantitatively. This experience supports the practical utility of WHO EMT
MDS. To maximize the impact of the data collection during and after a disaster, usually health
data registration is required as the preparedness before disasters. Strengthening the health system,
including capacity building for disaster response, is also the key for successful data collection. More
implementation research on practical adaptation of international standards is also required, as countries
which still need support for capacity building face the requirement of partial implementation of the
MDS to address their ongoing health challenges in disasters.

5. Conclusions

The expert meeting on “Health data collection before, during and after emergencies and disasters”
provided a clear view on the sources and currently available tools for health data collection during and
after emergencies and disasters, and therefore required research activities for further improvement
for comprehensive health data collection for effective, timely and seamless interventions in disaster
response and recovery. More implementation research should be conducted.
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Abstract: Rural populations living in poverty are the most vulnerable to disaster. Despite this
increased risk of recurrent disaster, previous disaster experience is not a good predictor for disaster
preparedness in these populations. This was evidenced on 31 August 2012, when a major flood
occurred in Sichuan, China. A health needs assessment carried out in December 2012 showed that
residents of Hongyan village, a Yi-minority community in Sichuan lacked disaster preparedness. This
indicated that measures were necessary to improve Health Emergency Disaster Risk Management
(Health-EDRM) in the community. Nutbeam’s planning model for health promotion was used
to guide the development of a Health-EDRM programme at Hongyan Village, Liangshan Yi
Autonomous Prefecture, Sichuan. Relevant information was obtained from sources such as literature
review, household surveys and stakeholder interviews. A team of stakeholders conducted an
interactive workshop to train villagers on disaster preparedness in March 2014. Disaster kits and
equipment for Oral Rehydration Solution preparation were handed out to villagers.

Keywords: ethnic minority; China; Health-EDRM

1. Introduction

1.1. Disaster Health Preparedness in the Rural Poor Areas in China

Globally, 75% of people living below the poverty line of US $1.07/day live in rural areas. Despite
economic growth in developing countries, the resulting benefits are not spread evenly. Poverty is
becoming increasingly ruralized in China, Eastern Europe and Central Asia. Rural populations living
in poverty are the most vulnerable to disaster. Climate change increasingly exposes rural areas to
weather-related shocks and stresses (e.g., drought and repeated flooding) [1]. Meanwhile, poverty
causes decreased disaster resilience due to lack of access to services (e.g., health care and education)
and infrastructure (e.g., water and sanitation) [2]. Despite the increased risk of recurrent disaster
among the rural poor, previous disaster experience is not a good predictor for disaster preparedness in
these populations [3-5].

1.2. Building Disaster Health Resilient Communities

In 2015, the UN General Assembly endorsed the Sendai Framework for Disaster Risk Reduction.
Priorities for Action included understanding disaster risk and enhancing disaster preparedness [6].
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This built upon the previous Hyogo Framework for Action (2005-2015), which included as one of its
priorities “use knowledge, innovation and education to build a culture of safety and resilience at all
levels” [7].

Resilience is “the ability of a system, community or society exposed to hazards to resist, absorb,
accommodate, adapt to, transform and recover from the effects of a hazard in a timely and efficient
manner, including through the preservation and restoration of its essential basic structures and
functions through risk management” [8]. The United Nations and Red Cross have advocated
community-based disaster preparedness programmes to build disaster resilient communities [9,10].
This approach combines integrated programming and cooperation with local communities. Integrated
programming ensures a holistic approach: elements from different sectors (e.g., health and hygiene
education and disaster preparedness) are combined into one programme. Consulting local villagers
ensures that interventions are tailored to specific community needs. Although efforts have been made
to implement Health-EDRM programmes globally [9-11], Asia is still disproportionately affected by
disasters: China, Indonesia, Philippines and India are among the top five countries most prone to
natural disasters and Asia accounts for 90.1% of disaster victims [12].

1.3. Local Epidemiological and Demographic Data of Hongyan Village, Liangshan Yi Autonomous
Prefecture, China

In the last decade, China has experienced the most natural disasters in the world [12]. Under the
effects of climate change, there has been an increase of weather-related disasters by 69% globally in the
last decade, with floods becoming increasingly frequent in China. Many remote villages in China have
limited health and hygiene awareness and disaster preparedness, due to the low education level and
lack of information. In addition, many lack basic sanitation infrastructures, such as proper latrines and
access to basic medical care. Consequently, there is a risk of poor sanitation after a flood, as surface
and groundwater are contaminated by effluent from latrines [10].

Hongyan village is one of 169 villages in Xide county, under the jurisdiction of Liangshan Yi
Autonomous Prefecture, in the southern area of Sichuan province. Hongyan village is 5 km from
the closest township, Lianghekou. Figure 1 shows a location map for the case area. It is composed
of 4 sub-groups, with 218 households and 826 residents. The villagers live on the bank of Sunshui
River, in a mountainous landscape with poor road conditions. Liangshan has the largest community
of Yi ethnic minority group in China. Yi ethnic groups live mostly in rural and mountainous areas in
Sichuan, Yunnan, Guizhou and Guangxi. Education levels are low in Yi ethnic groups and they speak
their own language [13,14].

A major flood occurred on 31st August 2012 at Xide County, causing great damage: 218,000
residents were affected, 13,300 houses collapsed, and 29,000 houses were seriously damaged, while 1
death and 2 missing people were reported. Flooding also damaged the infrastructure, including roads,
water supply, telephone and broadcasting. The county was therefore temporarily isolated from external
information and assistance. In 2012, the Collaboration Centre for Oxford University and CUHK for
Disaster and Medical Humanitarian Response (CCOUC) was invited by Wu Zhi Qiao Charitable
Foundation to perform a health needs assessment and health intervention in Hongyan village.

This study aimed to identify and use relevant data to plan a Health-EDRM programme for
Yi-minority community in Sichuan Province, China.
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Figure 1. Geographical location of Sichuan Province and Liangshan Yi Autonomous Prefecture.

2. Materials and Methods

2.1. Planning Framework and Data Collection

Nutbeam’s model for health promotion was employed for planning the health promotion
programme (Figure 2). The model was created with the intention to help systematically link relevant
research and theory to the practicalities of programme implementation and evaluation. The model
was separated into three parts: (i) problem definition; (ii) solution generation; and (iii) capacity
building. Problem definition aims to clarify what and who are the targets of the health-EDRM
programme. Solution generation aims to determine how and when change could be achieved in
the target population. Capacity building aims to create the best conditions for the health-EDRM
programme through the assessment of resources (such as financial and human resources) to ensure
the programme objectives are a good fit for the available resources. These 3 planning stages require
unique information and are summarized in Table 1.

1) Problem definition
2) Solution generation Programme planning
3) Capacity building
4) Program implementation

5) Program evaluation

Figure 2. Three planning steps within Nutbeam’s model for health promotion.
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Table 1. Summary of information needed and sources for each planning stage.

Planning Stage Information Needed Source Section

Local epidemiological and demographic data to

. B Literature revie' 1.3
determine the size and nature of the problem view

Problem definition Household survey

Focus group
Literature review

Determinants of lack of disaster preparedness Household survey 32

Community needs and perceived priorities 3.1

. . Theories and intervention models Literature review 33
Solution generation . R -
Evidence from past programmes and practitioners Discussion with 33
pastprog P stakeholders ’
. o Mobilizing resources, training and infrastructure Discussion with
Capacity building - . - 3.4
development, raising public and political awareness stakeholders

2.2. Information for Health Planning

2.2.1. Literature Review

The literature review identified epidemiological data and relevant past studies. This aided
description of the local situation and people, their behaviour, and any predictors for lack of disaster
preparedness. In addition, this provided evidence for choosing the most appropriate theory and
intervention model to improve Health-EDRM. MEDLINE, Embase and Google were searched for
academic and grey literature, and titles were screened for relevance. To review the literature on local
epidemiological and demographic data, the keywords “China” and “disaster” were used. Articles
and websites were limited to those published between 2011 and 2016. To review the literature on
the determinants of disaster preparedness, the keywords “severity”, “diarrhoea”, “treatment” and
“household disaster preparedness” were used. To review the literature for the solution generation
stage, the keywords “theory”, “disaster preparedness” and “disaster risk communication” were used.
Articles were limited to systematic reviews.

2.2.2. Household Survey

With limited information published about health status of people in the Liang Shan area, CCOUC
conducted a field-based health needs assessment in Hongyan village of Xide county, Liangshan,
Sichuan in December 2012. Cross-sectional household surveys were carried out to assess health status,
health service availability and utilization of healthcare. A follow-up trip was conducted in March 2014.
Cross-sectional household surveys were administered, covering demographics, health and access
to health care, as well as knowledge, attitudes and practices of Health-EDRM. The surveys were
administered face-to-face. For the 2012 survey, households were recruited using snowball sampling,
and the last birthday method was used to recruit a participant within the household. The resulting
sample size was 54. 52% were male and 48% female. The mean age of respondents was 43.6 years,
with a maximum of 77 years and a minimum of 18 years. All were people of Yi ethnicity except one,
who identified as a person of Miao ethnicity. 98% were local farmers and 2% worked as labour workers.
67.9% were illiterate, 11.3% received no formal education while 13.2% and 7.6% received primary and
secondary education respectively. For the 2014 survey, all participants of the health-EDRM programme
were recruited. The resulting sample size was 100. The respondent profile is reported in another
paper [15].

2.2.3. Focus Group

One female and one male focus group (each consisting of 6-8 villagers) were studied. Participants
were recruited using snowball sampling. Participants were asked what they would do if they felt sick,
any barriers they encountered towards seeking healthcare, how they prepared for disasters, and what
their response was during the previous flood. Focus groups were semi-structured. Ethics approval
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was obtained from the Joint Chinese University of Hong Kong—New Territories East Cluster Clinical
Research Ethics Committee (ref no. 2016.334).

2.2.4. Discussion with Stakeholders

The sectors and stakeholders involved, and their roles and expertise, are summarized in Table 2.

Table 2. Stakeholders and their roles.

Sector Stakeholders Roles Expertise
-Recruit volunteers -Multi-disciplinary (members
Collaborating Centre for Oxford ~-Co-ordinate stakeholders include doctors and public
Public health. medicine and CUHK for Disaster and -Carry out the health health professionals)
’ Medical Humanitarian needs assessment -Health needs assessment
Response (CCOUC) -Plan, implement and evaluate -Planning, implementing and
the program evaluating program
Wu Zhi Qiao (WZQ) -Assessing the need for a ~Access to the community,
: . . local knowledge (WZQ
Architecture/housing Foundation, Department of sustainable development project previously conducted
Architecture, Chinese University  (e.g., building bridges, schools ] -
£ Hong Kong (CUHK) and housing) exploration mission on
o Hong tong 6 20-22 October 2012.
-Liaise with other stakeholders
Local stakeholders Local village representatives ! on bghalf of local villagers . ~Access to the community,
-Facilitate programme planning,  local knowledge
implementation and evaluation
Programme volunteers  Students from CUHK -Human resources -Manpower

1 A semi-structured interview was conducted with the village head regarding disaster preparedness. His opinion
was also sought regarding the feasibility of proposed interventions.

A participatory research approach was used. The only external stakeholders were from the
Architecture /housing sector: WZQ and the Department of Architecture, CUHK. The study team
was composed of CCOUC staff and students from CUHK. Data analysis was also conducted by the
study team.

2.3. Data Analysis

Articles and websites were screened for relevance to the information needed for the literature
review. Data synthesis was by exploration of the application of the data to the planned health-EDRM
programme in a narrative summary. Survey data were double entered and cleaned by trained staff.
Descriptive statistics were generated using SPSS version 21.0. Focus group discussions were taped
and transcribed into verbatim. A member of the health needs assessment team and the first author
(G.T.) reviewed the transcript and carried out thematic analysis independently. G.T. compared the two
sets of thematic analyses. Since the analysis carried out by the team member was for the purpose of
writing a trip report, while the author’s purpose was to summarize research according to the research
framework, the author selected the final themes that were relevant to this study.

Data from the different sources were integrated according to common themes for each category of
information needed into narrative summaries.

3. Results

3.1. Problem Definition: Community Needs and Perceived Priorities

Table 3 presents the community needs and perceived priorities in Hongyan village. The results
suggest that gastrointestinal problems are common, especially during flood. Poverty and lack of
infrastructure result in inadequate health care access, disaster prevention and response systems.
Villagers lack empowerment to protect their family’s health and safety during a disaster.
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Table 3. The community needs and perceived priorities in Hongyan village.

Theme Results Source of Information *
General health:
-53.7% had good health status, but 43.5% complained of
deteriorating health compared to 5 years ago.
Health needs Diseases requiring long-term medication: Survey

-Gastrointestinal symptoms were most frequently reported
(16.7%), followed by arthritis (6.2%) and respiratory
complaints (2%)

-38.9% reported experiencing diarrhoea in the last 3 months

Healthcare access

-No village doctor was available in Hongyan village. No
local emergency service is available: The closest ambulance
station is in Xide county, with a response time of 1 h.

-For health visits, 51.8% went to the township clinic, 20.4%
went to the hospital, while 3.7% preferred to buy
over-the-counter medicine

-Many villagers only seek medical consultation when they

-Focus group
-Survey
-Focus group
-Survey

cannot withstand discomfort, due to the cost of medical care.
-50% had avoided medical care in the past 3 months as they
were unable to afford it.

-Only 38.9% of villagers thought they had the ability to
protect their family’s health and safety during a disaster
-In the 2012 flood, 31.5% reported falling sick. Of those,

the most common complaint was gastrointestinal symptoms
(37.5%).

-To prepare for disasters, regular exercises were held to
demonstrate the route of evacuation. No other disaster
preparation was done, due to lack of knowledge and
financial support.

-68.5% of respondents had no preparation before flooding.
-The only warning system used mobile phones, which did
not work during disasters, due to serious damage to
communication infrastructure.

During the 2012 flood, most villagers moved higher up the
mountain to avoid landslides and house collapse. They
stayed in temporary shelters for an average of 62 days.

Health needs during

X -Surve
a disaster Y

-Focus group
-Survey
-Focus group

Disaster preparation
and response

# Household survey and focus groups conducted in 2012.

3.2. Problem Definition: Determinants of Lack of Disaster Preparedness

Literature review and survey of villagers provided information on patterns of gaps in lack
of disaster preparedness in Hongyan village, which were used to design a tailored Health-EDRM
programme. The following themes were identified:

3.2.1. Theme 1: Knowledge of Consequences and Treatment of Diarrhoea

Yoder et al. reported that in the home setting in developing countries, if diarrhoea was perceived as
serious, treatment was more likely to be given [16]. In our survey, although most knew severe diarrhoea
resulted in dehydration, fewer respondents realized the potential extent of severity. Only 17.6%
of respondents had heard of Oral Rehydration Solution (ORS). This suggests Hongyan villagers
lack knowledge regarding the potential severity of diarrhoea and its treatment. The further lack
of knowledge of how to make ORS suggests that administering ORS is rarely put into practice in
Hongyan village.

3.2.2. Theme 2: Knowledge, Attitude and Practice towards Use of Disaster Kit

CDC reported that household disaster preparedness (such as owning a disaster kit) was associated
with disaster preparedness knowledge and attitudes [17]. In our survey, although 53.7% thought it
necessary to prepare a disaster kit and 42.6% would consider preparing a disaster kit, only 24% already
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had a disaster kit and 16.7% knew how to prepare a disaster kit. This suggests that villagers were
willing to prepare a disaster kit, but were hindered by lack of knowledge. Even if they possessed a
disaster kit, the contents may be inadequate.

3.3. Solution Generation

3.3.1. Choice of Health Promotion Model and Intervention Strategy

A systematic review of the application of behavioural theories to health-EDRM reported that the
Health Belief Model (HBM) was one of the most commonly applied models [18]. Under this model,
five beliefs are required for an individual to exhibit behaviour change:

That they are susceptible to the problem.

That the problem could result in potentially severe consequences.
That course of action can reduce risks.

That benefits of action outweigh barriers

Self-efficacy [19].

AR

Studies have shown that perception of susceptibility, severity, benefits and barriers influence
predicted preparedness for disease outbreaks [20-22] and disaster (e.g., possessing a disaster kit) [23].
In planning this health promotion programme, the content followed the Health Belief Model constructs.

A systematic review of intervention studies of disaster risk communication reported that
interventions with community involvement improved disaster preparedness [24]. This included
community participation approach (training villagers in disaster preparedness) [25] and small group
discussions with health promoters [26]. In addition, interventions using games led to increased
knowledge of disasters [27-29]. In this programme, we planned to include villagers in an interactive
intervention using a combination of posters, hands-on demonstration and games.

3.3.2. Experience from Past Programmes and Practitioners Applied to the Intervention

Since February 2009, CCOUC has been conducting health needs assessments and health
interventions in disaster-prone rural poor villages in China. Based on past experience, it was decided a
half-day interactive workshops would be useful to be conducted in the village.

The workshop was conducted by eight students: Four conducted the ORS intervention and four
conducted the disaster kit intervention. Teams were comprised of medical and public health students,
enabling sharing different skills and knowledge. 100 villagers participated. The village chief was
consulted regarding the best time and location, as we wanted to include as many villagers as possible,
for the greatest impact. The location’s capacity was fully utilized, as it could accommodate 100 people.
Since villagers spoke the local language, translators were recruited to facilitate communication.

The purpose of this workshop was to impart knowledge of the importance of ORS and disaster kits,
as well as providing a hands-on demonstration to provide the necessary tools for self-empowerment:
In the event of a disaster with poor access to external aid, villagers would still be able to take preliminary
measures to improve their situation.

The ORS intervention consisted of using a poster to illustrate the consequences of gastroenteritis
and components of ORS. Villagers were invited to demonstrate ORS preparation methods. In the
end, standard teaspoons and 150 mL cups were given as souvenirs to solve the problem of differing
spoons and cups in households. The disaster intervention used a poster to illustrate the importance
and contents of a disaster kit. Visitors played a game of identifying disaster kit contents. In the end,
disaster kits were given out, and Polaroid photos were taken of family members, to aid identification
during disasters.
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3.4. Capacity Building

3.4.1. Mobilizing Human, Material and Financial Resources

Our team consisted of CCOUC staff (doctors, nurses and public health practitioners) and students
(with medical and public health background). CCOUC previously conducted health needs assessment
and interventions in Sichuan, Gansu and Guangxi villages. CCOUC staffs were, therefore, experienced
health educators. They also organized the logistics of the trip (accommodation, meals and transport).
The students had mixed experience backgrounds; some had attended previous trips while others
had not. Meetings involving all team members were held before the trip to evaluate poster designs
and intervention plans. In this way, more experienced team members trained those who were new.
Students designed and printed posters and flyers. CCOUC staff prepared ORS souvenirs (teaspoons
and plastic cups), disaster kit (lighter, penknife, medication box, thermal blanket, whistle, torch and
bag), and Polaroid cameras.

The intervention was held in an open space outside the village chief’s house, as this was the
biggest space available and convenient for villagers. Table 4 shows a typical example of financial
resources required for the health-EDRM programme. The estimated budget in 2014 had a slight cost
inflation compared to 2012, in order to take into account possible cost inflation over the years

Table 4. Example of typical items and equipment to conduct field based activities in China (as of 2012).

Cost (USD) Estimated Budget

Category Ttem in 2012 (USD) for 2014
Air-tickets and road transportation costs for 10 team members 7987
Manpower for Accommodation for 10 team members and drivers 459
background survey and  Meal expenses for 10 team members 764
focus group (2012 trip)  Incentives for 54 interview participants 103
Honorarium for local staff 267

Manpower for
background survey and  Air-tickets and road transportation costs for 24 team members 19,200
intervention (2014 trip)

Accommodation for 24 team members and drivers 1100
Meal expenses for 24 team members 2000
Incentives for 100 interview participants 200
Honorarium for local staff 300
Printing 5 posters and 100 flyers 130
. . ORS souvenirs: 100 plastic teaspoons and cups 25
Intervention materials 100 disaster kits 380
Polaroid films 100

Expenses were solicited from various sources, including CUHK'’s ICARE programme and CCOUC
development fund. Although the cost of intervention per participant was relatively high due to travel
expenses, the project also served other purposes: training and education of students, academic
exchange, research and raising public awareness.

3.4.2. Training People and Building Sustainable Programmes

Our programme provides villagers with education and equipment for disaster preparedness.
Since most villagers live in poor rural areas, giving them disaster kits, ORS recipes and utensils reduces
problems related to affordability and access. The equipment can be re-used, and they can demonstrate
their acquired knowledge to family and friends back home. In this way, the programme trains villagers
to pass on their knowledge and use their new skills in times of need.

As well as training villagers, the programme trains students and staff. CCOUC has ongoing
health promotion programmes in a wide range of disaster-prone rural villages in China. This trip was
part of CCOUC’s Ethnic Health Minority Project, ongoing since 2009. Due to the mix of team member
experience in CCOUC trips, students and staff learn from each other. Experienced team members will
take up additional responsibility in future trips. This includes leading teams and dealing with logistics.
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Lessons learnt from each trip inform the next trip. Graduate students could obtain academic credit
for participating or as part of a global health elective “field action lab”. Some used the collected data
to write their master’s thesis. Medical students were also recruited from CUHK's Global-Physician
Leadership Stream and Medical Outreachers, which aims to train holistic future physicians. Thus,
this trip is a building block in multiple programmes.

3.4.3. Raising Public and Political Awareness

After the flood in August 2012, WZQ and CCOUC contacted the chief of Hongyan village and
visited the village on an exploration mission. The village chief agreed there was a need for health
needs assessment and programme development. CCOUC staff discussed future trip logistics with him
and confirmed his support, serving as the access point to Hongyan village. Public awareness of the
intervention was crucial for sufficient participation. The chief helped spread the details to the villagers.
Households previously approached for surveys were also informed. When the intervention was about
to start, the loudspeaker microphone reminded villagers to attend.

4. Discussion

Lack of disaster preparedness is a problem found in many disaster-prone areas globally.
Therefore, international information about disaster kits and treatment of gastroenteritis is available.
However, although rural ethnic minority groups comprise a significant proportion of those living
in disaster-prone areas in China, there is a lack of research focusing on these communities [30].
Literature review alerted us of the need to avoid generalizing other research findings, as there is a
difference between ethnic and non-ethnic minorities: The higher illiteracy rate, different language
and occupations among the Yi minority [31] meant that different strategies were needed to overcome
communication barriers. Our study revealed that a worrying proportion described deteriorating
general health over the years. Villagers had a poor health baseline, even in normal times outside the
disaster period. Since the average age was only 42.2 and the predominant occupation was agriculture,
this deterioration might affect not only their quality of life but also livelihood. Further data shed
light on possible reasons for the predominantly gastrointestinal problems in the village: A similarly
high proportion of respondents to those reporting diarrhoea in the last three months did not have a
regular handwashing habit, despite having stable access to water sources [31]. In addition, more than
half of the respondents drank water without treatment [15]. The lack of healthcare access is typical
of low-income rural villages in remote areas [32,33]. Together with our findings in the determinants
of lack of disaster preparedness section indicating a lack of knowledge regarding the consequences
and treatment of diarrhoea, we conclude that there is a great health need in this aspect; empowering
villagers through education on the severity of diarrhoea and how to make ORS could vastly improve
lives by preventing dehydration, despite the lack of healthcare access.

The low number of fatalities were likely due to the slow-onset nature of the disaster, which
allowed time for evacuation. Most villagers had no preparation before the flooding and less than
half felt empowered. Nevertheless, it is encouraging that the community was close-knit enough to
communicate and look out for each other as a village. This could have implications for health-EDRM,
as knowledge gained by the 100 villagers from the intervention could potentially be passed onto
other villagers through informal conversation and advice. Most villagers were forced to move after
the flood, and thus any health-EDRM items must be essentials that are easy to prepare and carry.
Despite a willingness to prepare disaster kits, there was a lack of knowledge regarding preparation,
thereby leading to lack of possession of disaster kits. Research shows that disaster kits may be the most
cost-effective means of reducing mortality in these settings [34]. Incorporation of ORS and disaster kit
preparation in a health-EDRM programme would therefore address health needs for this community.

Apart from the Health Belief Model, another model that has been used in health-EDRM
programmes is the Precaution Adoption Process Model (PAPM). One study explored the correlation
between the HBM and the PAPM and found that perceived benefits and perceived barriers in the HBM
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predicted adoption stage in PAPM [35]. Given the emphasis on perceived barriers, future health-EDRM
programmes could explore whether there are significant barriers apart from knowledge and poverty.
The importance of community involvement was echoed by the World Health Organization, which
listed it as a strategy for achieving the Sendai Framework priorities [36].

Although the project managed to gather information specific to local villagers, there are a few
limitations. Our surveys had high response rates (ranging from 93-100%), but the quality of responses
was hampered by language barriers. Translators were needed for surveys as most villagers could not
speak Putonghua. In addition, convenience sampling was used, as households were far apart. Without
random sampling, selection bias is likely. Our focus groups gathered more in-depth information
regarding villagers” opinions. However, focus groups are limited by small sample size, and villagers
might concur with each other as a result of peer pressure. Our semi-structured interview with
the village chief informed us of the village disaster plan and response system. However, this only
represented one person’s opinion, and it was difficult to ascertain whether participant recall bias,
such as inaccurate recall of events, existed.

Although community involvement was crucial, gaining access was not easy. Securing political
support from the village chief was crucial, with trust built up slowly through a previous trip and
ongoing communication. The village chief was helpful in providing an overview of the village situation,
local input, and village access. Planning the health promotion programme required much logistical
support, using limited time and resources. Due to these pressures, team members found themselves
under stress in a new environment. Pairing team members with different levels of experience and
capabilities eased the adjustment of new team members. In addition, incorporating evaluation during
the planning stage ensured that the programme could be thoroughly and efficiently evaluated by
comparing changes before and after the program.

Health promotion during the post-disaster period was a good opportunity as villagers would
be more aware of the impact of a disaster and eager to learn about disaster preparedness. However,
communication was important to manage expectations. As disaster was fresh in their minds, they
desired infrastructure reconstruction, which could not be delivered through this program. Nevertheless,
the health promotion programme on Disaster Preparedness for Yi-minority community in Sichuan
Province in China was successfully delivered in March 2014.

5. Conclusions

Based on this experience of using Nutbeam'’s planning model to develop a tailored health-EDRM
programme, future programmes could be planned and expanded to different disaster-prone areas.
To be successful, it is essential that health-EDRM programmes address local health needs and priorities.
Using a planning model ensures a systematic approach to planning and is useful for defining the
scope of an intervention, particularly where scant pre-existing information is available regarding
the local situation. The planning model can serve as a framework for organizing and combining
multiple sources of information, thereby translating evidence-based planning into a health promotion
programme applicable to the local context.
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Abstract: The WHO Thematic Platform for Health Emergency and Disaster Risk Management
Research Network (TPRN) was established in 2016 in response to the Sendai Framework for Disaster
Risk Reduction 2015-2030. The TPRN facilitates global collaborative action for improving the
scientific evidence base in health emergency and disaster risk management (Health EDRM). In 2018,
the WHO convened a meeting to identify key research questions, bringing together leading experts
from WHO, TPRN, World Association for Disaster and Emergency Medicine (WADEM), and the
Japan International Cooperation Agency, and delegates to the Asia Pacific Conference on Disaster
Medicine (APCDM). The meeting identified research questions in five major areas for Health EDRM:
health data management, psychosocial management, community risk management, health workforce
development, and research methods and ethics. Funding these key research questions is essential to
accelerate evidence-based actions during emergencies and disasters.

Keywords: health emergency and disaster risk management (Health EDRM); Sendai Framework
for Disaster Risk Reduction 2015-2030; WHO Thematic Platform for Health EDRM; health data;
psychosocial; risk communication; capacity building; research methods; ethics

1. Introduction

Over the past few decades, the frequency of disasters has increased as a result of a number
of risk drivers including unplanned urbanization and unmitigated climate change. The impact of
many of these disasters on human health has also become more severe, due in part to increasing
numbers of vulnerable populations, including older persons. The 2015 Third UN World Conference
on Disaster Risk Reduction (WCDRR) established the Sendai Framework on Disaster Risk Reduction
2015-2030 (SFDRR), which introduced a framework for action across the disaster risk management
(DRM) continuum (prevention, preparedness, response, and recovery) and sought to enhance the
resilience of communities and health and social systems. With more than 30 references to health issues
specifically, the framework includes health in its goal as “the substantial reduction of disaster risk and
losses in lives, livelihoods and health ... .” [1]. It also emphasizes the importance of improving the
scientific evidence base to advance health emergency and disaster risk management (Health EDRM).

In response, World Health Organization (WHO) established the WHO Thematic Platform for
Health EDRM Research Network (TPRN) to promote global collaboration among academia [2,3],
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government officials and other stakeholders to generate better scientific evidence to inform policy
and practice for managing health risks associated with emergencies and disaster. In 2017, leaders
of this research network published a review paper on the Sendai Framework implementation and
recommendations on Health EDRM research [4,5]. The paper highlighted the critical importance of
research before, during and after disasters (not only the acute phase) and gave consideration to the
following: a holistic approach, including physical, mental and psychosocial health and well-being;
identifying populations at risk with specific health needs; standardization of needs assessments,
standardization of evaluation methodologies and reporting systems for countries, communities
and individual cases; multidisciplinary and multi-sectoral approaches; and a review of research
for informing better policy development and implementation.

To accelerate research in Health EDRM, the WHO organized a meeting to identify key research
gaps and questions by convening the leading experts from WHO, World Association for Disaster and
Emergency Medicine (WADEM), and Japan International Cooperation Agency (JICA), and delegates to
the Asia Pacific Conference on Disaster Medicine (APCDM). The WHO Kobe Center (WKC) organized
the meeting as one of the programs during APCDM 2018 on 17 October 2018, in Kobe, Japan [6].

2. Materials and Methods

The purpose of the meeting was to identify concrete research questions based on the established
overarching priorities in line with the published reviews of research needs conducted by the
coordinators of the WHO Thematic Platform for Health EDRM Research Network (TPRN) [4,5].
The selection of the research themes, meeting participants and research questions were conducted
as below.

As a first step, an open-ended consultation was conducted with the ten TPRN coordinators.
Background information from the above-mentioned references [4,5] was shared for the consultation.
Through this process, the first draft of the expert meeting agenda with potential discussion themes and
background information was developed. Based on the potential discussion themes, 25 participants
from 10 countries for the expert meeting were selected based on their global expertise in responding to
health emergencies and natural disasters in consultation with the TPRN coordinators and APCDM
organizers. They included the WHO Health-EDRM responsible officers in headquarters and regional
offices in the Asia Pacific Region (Western Pacific Region and Southeast Asia Region), the TPRN
co-chairs and representatives from international, regional or national organizations and societies
involved in Health-EDRM (Public Health England, the Chinese University of Hong Kong, WADEM,
Association of South-East Asian Nations (ASEAN) Secretariat, JICA, Government of Thailand, Japan
Disaster Medical Assistance Team Secretariat; and leading researchers selected based on their previous
academic works and Health-EDRM related activities.

As a second step, another consultation to finalize the major research themes was conducted with
all of the potential 25 participants to obtain their feedback, and five major discussion themes were
selected (Table 1). Based on the final confirmed meeting themes, participants were then selected
to cover all the five research themes through consultation with stakeholders. Through this process,
32 experts from 12 countries (Australia, Canada, Hong Kong, India, Indonesia, Japan, Myanmar,
New Zealand, Philippines, Thailand, UK, USA) were selected for the expert meeting. The meeting
agenda with the five major discussion themes and their background information was shared with all
the participants.

As a third step, the expert meeting was conducted as a session of APCDM. Two rounds of group
discussions were conducted. The discussion on each theme was facilitated by a lead discussant selected
based on their expertise and previous research under each area in Health-EDRM (Table 1). After the
group discussions, a plenary discussion was conducted to integrate the results of the group discussions
and reach consensus among the participants.
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3. Key Research Gaps and Questions in Five Key Research Areas

The process resulted in a series of questions listed in Table 1.

Table 1. Key research questions in five major areas.

Area Research Questions

(a) What are the national and regional challenges inhibiting
Area 1 implementation of the WHO standardized medical data
Health data management before, during collection systems after emergencies and disasters?
and after emergencies and disasters (b) What is the broader health-related data needed to inform
Lead discussant: Tatsuhiko Kubo, effective Health emergency and disaster risk
University of Occupational and management (EDRM), i.e., community vulnerabilities,
Environmental Health, Japan hospital functional status, infrastructure, lifelines and

health workforce?

Area 2 (a) How can mental health and psychosocial risk be
Psychosocial management before, during classified using longitudinal and multi-centric studies?
and after emergencies and disasters, and (b) How can methods for screening, diagnosis and treatment
other medium and long-term effects on the for affected people be standardized across
public health and health system different settings?
Lead discussant: Yoshiharu Kim, National (c) How can assets associated with greater community
Center for Neurology and Psychiatry, Japan resilience be identified before, during, and after disaster?

(a)  What architecture is needed to support research in

Health EDRM including consensus among disciplines
Area 3 and ethics?
Community emergency and disaster risk (b) How can research be better translated to policy and
management, including risk literécy and practice across different backgrounds and contexts?
addre5§mg needs of gub-populatlons (c)  What kind of technology for information and data
Lea}d dlscus.sant:-Emlly Y.Y. Chan, The management and communication is needed for risk
Chinese University of Hong Kong communication, emergency response and

research design?

(a) How can different countries strengthen Health EDRM
through disaster risk management training programs,
and what strategies will support retention, motivation

Area 4 and deployment of trained people?

Health workforce development for health (b)) ~ Whatare the best practices for sustaining the

emergency and disaster risk management development of the local health workforce for Health

Lead discussant: Jonathan Abrahams, World EDRM, fostering positive interactions between external

Health Organization support workers and the local workforce, and enabling
the transition to recovery and post-event Health EDRM?

(c)  What is the common knowledge or competencies
required for Health EDRM?

(a)  What are the definitions of research methods and
technical terms for Health EDRM?

(b) How can impact evaluation methods for intervention

Area s and qualitative-quantitative mixed methods
Research methods and ethics be standardized?
Lead discussant: Virginia Murray, Public (c) How can the publication process for Health EDRM
Health England research become more systematic and effective?
(d) What are the challenges and best practices in addressing

national health system, cultural and religious issues
before, during and after interventions?
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The first research area was health data management before, during and after emergencies and
disasters. Experts highlighted the significant progress made through the development of the WHO
Emergency Medical Team (EMT) Minimum Data Set (MDS) in 2017 [7], enabling standardized data
collection and reporting by EMTs dispatched to emergency areas. However, it was noted that
implementation was not optimal. Further research is needed on reducing the implementation barriers
in national and regional contexts, and the supplementary data required for broader public health action.

The second area was psychosocial management. Experts identified research priorities in the
classification of mental health and psychosocial risk, standardization of methods for screening,
diagnosis and treatment, and the identification of characteristics of risk and resilience among affected
individuals and communities.

The third research area was community risk management and risk literacy. Experts identified
the need to strengthen the components of research architecture to support research for Health EDRM,
the means to translate research to policy and practice, and research to advance the technology of
information and data management and communication for risk communication for Health EDRM,
with the focus on an effective and localized risk communication approach to meet the requirements of
the local community.

The fourth area was health workforce development. Experts identified knowledge gaps in
a common understanding of relevant knowledge and competencies required for the Health EDRM
workforce as well as the contents for in-house training/professional development and their interaction
with stakeholders, and in understanding how to sustain the development of the local health workforce
for Health EDRM, foster positive interactions between external support workers and the local
workforce and the effective transition to recovery, integrating measures to reduce risks of future
events and build stronger systems. More understanding is needed about how countries can strengthen
Health EDRM through disaster risk management training programs, and how they are able to retain,
motivate and utilize trained personnel, including for deployment.

The fifth area was research methods and ethics. To move beyond case studies, key research
priorities including the basic definitions of research methods and technical terms in the field of Health
EDRM setting, standardizing impact evaluation methodologies, and promoting publication of result in
a systematic way. Lastly, the group identified the need for best practices in addressing national health
systems, and cultural and religious issues. A research methods resource and book were thought to be
important additions to the TPRN tools.

4. Follow-Up Actions

The expert meeting focused on identifying the key research needs in five major areas through
formulating research questions. Specific approaches in responding to each research question
should be discussed and implemented with additional studies and literature reviews conducted
in a systematic way. These include: (a) conducting more implementation research using currently
available health data collection tools (Area 1); (b) standardization of monitoring of long-term
psychological consequences, and validation of individual-level and community-level interventions for
better psychological consequences (Area 2); (c) identifying the existing challenges for better translation
of research findings to policy and programs (Area 3); (d) conducting an inventory of the existing
workforce development programs and identifying essential components of training programs (Area 4);
and (e) integrating existing knowledge about research methods for Health-EDRM by developing
guidance by global experts (Area 5). These follow-up actions are addressed in greater detail in the
later theme-based articles.

Given this background, the meeting concluded with the commitment to organize an annual TPRN
meeting and utilize other forums in collaboration with partner organizations to promote and update
knowledge and experience in Health EDRM research. The meetings will update progress in the key
research areas, and further expert consultations will be held to identify further research gaps and
possible sources of funding. In 2019, the WKC will function as the secretariat of TPRN in collaboration
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with WHO HQ. The WHO will establish an information sharing platform to facilitate interactions
among TPRN participants about Health EDRM research and science, as well as opportunities for
funding, conferences and collaborative research.

5. Conclusions

The expert meeting contributed to setting forth some key research gaps to be addressed for the
advancement of Health EDRM research. Successful implementation will require further research
collaborations through the TPRN initiative, partnerships and resource mobilization.

The expert meeting did not reach consensus through blind rating, voting or a structured
questionnaire-based approach, which are recommended by Delphi Method. This limitation will
be addressed during the next follow-up expert meeting.

Author Contributions: Conceptualization, RK. and E.Y.Y.C.; Writing-Original Draft Preparation, R.K.;
Writing-Review & Editing, E.Y.Y.C., V.M., S.L.B. and J.A.; Project Administration, R.K., J.A.

Funding: This research received no external funding.

Acknowledgments: The opinions contained in the paper are those of its authors and, except where specifically
stated, are not intended to represent the official policies or positions of the WHO. The expert meeting was
organized under the collaboration among WHO, APCDM 2018, and JICA. The authors express their gratitude
to the following individuals who contributed substantially to meeting organization: Shinichi Nakayama
(APCDM) and Masako Tani (Project for Strengthening the ASEAN Regional Capacity on Disaster Health
Management (ARCH Project), JICA). The authors thank all the meeting participants who contributed to
achieving the results (in alphabetical order of their last name): Myo Nyein Aung (Chiang Mai Rajabhat
University, Thailand), Nilesh Buddh (WHO Regional Office for South East Asia), Cheuk Pong Chiu (The
Chinese University of Hong Kong, China), Shinichi Egawa (Tohoku University, Japan), Paul Farrell (WADEM),
Ferdinal Moreno Fernando (ASEAN Secretariat), Sayaka Gomei (Dokkyo Medical University, Japan), Mélissa
Généreux (University of Sherbrooke, Canada), Teodoro Herbosa (University of the Philippines, Philippines),
Shuichi Ikeda (ARCH Project, JICA), Tatruro Kai (Saiseikai Senri Hospital, Japan), Hiroshi Kato (Hyogo
Institute for Traumatic Stress), Yoshiharu Kim (National Center for Neurology and Psychiatry, Japan), Yuichi
Koido (Japan Disaster Medical Assistance Team (DMAT) Secretariat, Ministry of Health, Labor and Welfare,
Japan), Tomoko Komagata (Tokyo Medical and Dental University, Japan), Tatsuhiko Kubo (University of
Occupational and Environmental Health, Japan), Sonoe Mashino (University of Hyogo, Japan), Yasushi
Nakajima (ARCH Project, JICA), Toshiyuki Ojima (Hamamatsu University School of Medicine, Japan),
Yasuhiro Otomo (Tokyo Medical and Dental University, Japan), Heather Papowitz (WHO Regional Office for
the Western Pacific), Philip Schluter (University of Canterbury, New Zealand), Phumin Silapunt (Chulabhorn
Hospital, Thailand), Yosuke Takada (Okayama University, Japan), Sho Takahashi (University of Tsukuba,
Japan), Nobuyo Tsuboyama-Kasaoka (National Institute of Health and Nutrition, Japan), Shiori Usami
(Kumamoto University, Japan).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sendai Framework for Disaster Risk Reduction 2015-2030. Available online: https:/ /www.unisdr.org/we/
inform/publications /43291 (accessed on 02 April 2019).

2. WHO Thematic Platform for Health Emergency and Disaster Risk Management.  Available
online: http://www.who.int/hac/techguidance / preparedness/ WHO-Thematic-Platform-Health-EDRM-
Terms-Reference-2018.pdf?ua=1 (accessed on 02 April 2019).

3. WHO Thematic Platform for Health Emergency and Disaster Risk Management Research Network. Available
online: http:/ /www.who.int/hac/techguidance/preparedness/ WHO-Thematic-Platform-Health-EDRM-
Research-Network-2018.pdf?ua=1 (accessed on 02 April 2019).

4. Chan, E.Y.Y,; Murray, V. What are the health research needs for the Sendai Framework. Lancet 2017, 390,
e35-e36. [CrossRef]

5. Lo, S.T.T; Chan, E.Y.Y.; Chan, G K.W.; Murray, V.; Abrahams, J.; Ardalan, A.; Kayano, R.; Yau, ].C.W. Health
Emergency and Disaster Risk Management (Health-EDRM): Developing the Research Field within the
Sendai Framework Paradigm. Int. . Disaster Risk Sci. 2017, 8, 145-149. [CrossRef]

215



IJERPH 2019, 16, 1232

6.  Asian Pacific Conference for Disaster Medicine. 2018. Available online: http://www.apcdm2018.org/index.
html (accessed on 02 April 2019).

7. Benin-Goren, O.; Kubo, T.; Norton, I. Emergency Medical Team Working Group for Minimum Data Set.
Prehosp. Disaster Med. 2017, 32 (Suppl. S1), S96. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).

216



r 1 International Journal of -

s Environmental Research m\DP|
WA/ and Public Health B
Communication

Is “Perceived Water Insecurity” Associated
with Disaster Risk Perception, Preparedness
Attitudes, and Coping Ability in Rural China?
(A Health-EDRM Pilot Study)

Janice Ying-en Ho !, Emily Ying Yang Chan 1>*, Holly Ching Yu Lam ?, May Pui Shan Yeung !,
Carol Ka Po Wong ? and Tony Ka Chun Yung >

1 Division of Global Health and Humanitarian Medicine,
Jockey Club School of Public Health and Primary Care, The Chinese University of Hong Kong,
Hong Kong; janice.ho@link.cuhk.edu.hk (J.Y.H.); may.yeung@cuhk.edu.hk (M.PS.Y.)
Collaborating Centre for Oxford University and CUHK for Disaster and Medical Humanitarian Response,
The Chinese University of Hong Kong, Hong Kong; hollylam@cuhk.edu.hk (H.C.Y.L.);
wongcarol@cuhk.edu.hk (C.K.P.W.); yungtony@cuhk.edu.hk (T.K.C.Y.)
*  Correspondence: emily.chan@cuhk.edu.hk; Tel.: +852-2252-8411

Received: 27 February 2019; Accepted: 7 April 2019; Published: 8 April 2019

Abstract: Water security is essential for maintaining health and well-being, and for reducing
a population’s vulnerability in a disaster. Among resource-poor villagers in China, water-related
disasters and climate change may increasingly affect people’s water security. The purpose of this
study was to explore the relationship between perceived water security and disaster risk perception
in a rural ethnic minority community. A cross-sectional household survey was conducted in 2015
in Xingguang village, Chongqing, China, examining the association between villagers’ perceptions
of household water security, disaster risk, and sociodemographic variables. Among 52 household
representatives, 84.6% relied on rainwater as their main water source and 63.5% reported having
insufficient water on a regular basis. Only 32.7% perceived themselves to be living in a high-risk
area, of which climate-related disasters such as storms (44.4%) and droughts (38.9%) were the most
frequently reported disasters in their area. Insufficient water quantity, previous disaster experience,
and household members on chronic disease medication were found to be associated with higher
disaster risk perception. Perceived water security indicators were not found to be predictors of
preparedness attitudes and coping ability. Addressing water sufficiency in both disaster risk reduction
strategies and long-term water management will be necessary to improve the health and livelihood
of rural villagers in the coming decades.

Keywords: water security; disaster risk; risk perception; rural; China; Health-EDRM

1. Introduction

Water is a basic necessity of life and health, with communities requiring the provision of accessible
safe drinking water at an affordable cost to meet their basic needs [1]. Lack of access to clean
adequate water supplies is an indirect contributing risk factor of disaster through poorer hygiene and
water-related diseases that diminish health and increase a population’s vulnerability. On the contrary,
adequate water supplies enable households to not only have enough for personal consumption
and hygiene but also to build livelihoods, invest in opportune projects, and facilitate community
development and poverty eradication [2] (pp. 5, 22). This capacity “to safeguard sustainable access
to adequate quantities of acceptable quality water for sustaining livelihoods, human well-being and
socio-economic development” is also known as water security [1]. Maintaining water security in
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communities not only protects health and sustains development but can also help reduce a population’s
vulnerability and increase the resilience of households when disaster inevitably strikes. Water-related
disasters comprise 90% of the world’s natural disasters [3]. Disasters such as floods, droughts,
and storms can greatly affect communities in their development, livelihoods, and health. At the
intersection of health and disaster risk reduction is the emerging field of Health Emergency Disaster
Risk Management (Health-EDRM), which emphasizes the need to understand the direct and indirect
health risks of hazards and to use multisectoral approaches to strengthen evidence-based guidelines
and build community health resilience [4]. Health risks in emergencies and disasters should be
minimized through a systematic analysis and management of risks across the entire disaster cycle,
which should include considerations of the following aspects: “(1) hazard and vulnerability reduction
to prevent and mitigate risks, (2) preparedness, (3), response, and (4) recovery measures” [5]. In terms
of water, if a community already experiences water insecurity prior to a disaster, this problem will
be magnified when sudden or slow-onset disastrous events occur, thus affecting the vulnerability
status, preparedness, response, and recovery in a disaster. Inadequate water security and unreliable
water systems could compound disaster risk [6-8] and have a direct effect on disaster response if
water systems fail when they are most needed for survival after a disaster [8] and for emergency
healthcare and infrastructural services [9]. A community’s water security is also vulnerable to
disaster impacts, as water systems or sources may be damaged by the disasters [6]. Especially with
climate change, which will disrupt the hydrological cycle and heighten the frequency and intensity of
hydro-meteorological hazards [10], the water security of many communities will be left increasingly at
risk unless they take adaptation measures.

Disaster risk perception is an intuitive judgement made by lay persons and may be divergent from
objective scientific assessments of disaster risk [11]. In terms of water-related disaster risks such as floods,
risk perception research is still in its infancy and many studies take on a non-theoretical approach to risk
perception, although measures such as risk characteristics, coping abilities, and preparedness attitudes
are often assessed [12]. Research has found risk perception to be affected by prior disaster experience
and trust in authorities, with less consistent associations with socio-demographic characteristics,
cultural factors, and the influence of media [12,13]. However, environmental conditions and external
physical factors have rarely been assessed in relation to a person’s risk perception, and water security
has not been suggested amongst such contextual factors.

As securing water at the household level is a cornerstone and foundation to water security [2],
there is a need to understand the water insecurity and disaster risk perception at the household and
community level. This is particularly true in the context of a rural village, where water systems may be
decentralized, thus leaving room for variability amongst different households. Increased reliability
and provision of water service can increase the adaptive capacity of a household in the face of disaster
impacts and improve household resilience [2]. By understanding the linkage between communities’
water security and disaster risk perception, this can empower the development of water resources
management with a consideration towards disaster risk reduction and climate adaptation, contributing
to the emergency resilience of the communities [2,14].

As water insecurity problems in a community could be magnified in the occurrence of disasters,
this paper seeks to explore the current state of perceived household water security and disaster
risk among an ethnic minority village community in Chongqing, China. Perceived water security
is measured in this study through self-reported responses adapted from WHO 2011 Guidelines for
drinking water quality, 4th Ed. Vol 1 [15]. The aim of this study is to assess the associations of
disaster risk perception with perceived water security indicators and socio-demographic characteristics.
The study hypothesized that in a rural water-scarce area, perceived water insecurity would be associated
with greater disaster risk perception, preparedness attitudes, and coping ability.

Our study was conducted during a health needs assessment trip to Xingguang village in Lutang
Township, Pengshui Miao and Tujia Autonomous County, Chongging Direct-Controlled Municipality,
China. In a recent climate change impact assessment, Chongqing was identified as highly vulnerable to
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future climate change impacts, especially in terms of its water resources [16]. Located in a disaster-prone
region, the local community has had frequent exposure to hydro-meteorological risks such as drought,
landslides, floods, and storms. The rural village has a largely decentralized water system, and individual
households often rely on rooftop collection of rainwater. The village is administratively divided into nine
sub-villages and has a total population of approximately 2000 villagers, with average incomes around the
international poverty line ($1.90 USD per day per person). It is also ethnically diverse, with minorities
such as the Miao (# 7) and Tujia (+ % #%) ethnicities, as well as the majority ethnicity of Han Chinese.

2. Materials and Methods

A pilot cross-sectional stratified sample household survey was conducted in the Xingguang
village community in Lutang Township, Chongqing China in February 2015. Households were
stratified according to their sub-village and surveys were completed in all nine sub-villages. Within
each cluster, we aimed to reach a 10% representation of each sub-village population by simple
random sampling. This sampling format is similar to other studies conducted elsewhere [17,18]
and enables a representative understanding of different locations throughout the village, limiting
the over-accumulation of household surveys from one or two sub-villages. However, this method
only takes characteristics of the individual village into account, thus limiting generalizability to other
villages. Trained interviewers conducted the face-to-face surveys with each household representative,
with the language support of local translators. Each interview took approximately 20-30 minutes.
Verbal consent was obtained from all participants. Ethics approval was obtained from the Survey
and Behavioural Research Ethics Committee of the Chinese University of Hong Kong. All data were
double entered and cleaned by trained staff.

The survey questionnaire of the health needs assessment consisted of 10 sections, with this analysis
focusing on the data provided from three sections, namely, (1) respondent background and household
characteristics, (2) water and sanitation, and (3) disaster risk perception. The respondent background
and household characteristics section included sociodemographic measures such as ethnicity, gender,
position as household head, age, education level, occupation, main source of income, annual household
income, migrant workers in family, household members with chronic disease, and household members
on chronic disease medication. Annual income per capita was calculated by dividing the annual
household income by the total number of household members. The water and sanitation section was
comprised of general indicators (main source of drinking water, storage of water) and self-reported
water security indicators adapted from WHO 2011 Guidelines for drinking-water quality [15]: quality
(measured as protection of water source, and boiling of drinking water), quantity (sufficiency of water),
accessibility (time needed to fetch water), affordability (money spent on water), and reliability of water
(stability of water supply). The outcomes assessed in the disaster risk perception section included the
following measures: risk perception (perception of living in a high-risk disaster area), preparedness
attitudes (measured as importance of keeping extra medication for a disaster [19], and the necessity of
a disaster bag [20]), and coping ability (perceived ability to protect their family’s health and safety in
the case of a disaster). The measure of previous personal disaster experience, which was also from this
section, was included in the analyses as an exposure.

Descriptive analyses were conducted on the perceptions of water security, disaster risk,
and sociodemographic variables. Variables were simplified into binary categorical variables for
the univariate analysis. Univariate analyses were conducted using Chi-squared test on the disaster risk
perception variables, as associated with subjective water security indicators and sociodemographic
variables. A backward stepwise multivariable logistic regression was conducted for each of the disaster
risk perception outcomes, which included sociodemographic variables of age, gender, education,
and annual per capita income, and variables with p < 0.2 in the univariate analyses. After the significant
variables were identified in the backward models, the models were re-run while controlling for age and
gender. These final models, inclusive of significant variables from the backward logistic regressions
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and controlled for age and gender, are reported in this paper. Significance level for the multivariable
analyses was set at p < 0.05. All statistical analyses used SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Descriptive Analyses

Around the time of the survey, Xingguang village was reported to include 540 households
and approximately 2300 residents [21]. Our final study sample was comprised of 52 household
representatives from the village community. The sociodemographic characteristics of the surveyed
households are shown in Table 1. The median household size was five members, and the median
annual household income was 20,000 RMB (equivalent to ~$2940 USD). After calculations, the median
annual income per capita was 3571 RMB (equivalent to ~$525 USD).

Table 1. Sociodemographic characteristics of participants and their households in Xingguang village,
Chonggqing, China (N = 52).

Participants n % Households n %

Gender Main source of household income

Male 36 69.2 Farming 25 48.1

Female 16 30.8 Working 25 48.1
Age Others 2 3.8

1624 6 11.5  Annual income per capita (N = 43)

25-44 16 30.8 <2500 RMB (<$1 USD/day) 18 419

45-64 23 442 2501-5000 RMB (<$2 USD/day) 10 23.3

>65 7 13.5 5001-7500 RMB (<$3 USD/day) 7 16.3
Ethnicity >7500 RMB (>$3 USD/day) 8 18.6

Miao 11 21.2

Tujia 4 7.7 Household members who are...

Han 37 71.2 Migrant workers
Household Head None 5 9.6

Yes 32 61.5 1 25 48.1

No 20 38.5 2 13 25.0
Education 3-5 9 17.3

No Schooling 7 13.5  With chronic disease

Primary School 21 40.4 Yes 35 67.3

Middle School 16 30.8 No 17 32.7

High School 5 9.6 On chronic disease medication (N = 47)

College or Higher 3 5.8 Yes 22 46.8
Occupation ! No 25 53.2

Farmer 21 404

Employee 15 28.8

Others 16 30.7

1 Other occupations included the following: business person, teacher, student, household work, unemployed,
and retired.

Indicators of perceived water security among the surveyed households are shown in Figure 1.
Most of the participants used rainwater as their main source of drinking water (84.6%) and reported
having an unreliable (37.3% often no water or 54.9% occasionally no water) and insufficient (63.5%)
quantity of water. Only 5.8% of respondents had a protected water source and, although half of the
households stored their water, less than half of those that stored their water kept the water container
covered (38.4%, N = 10/26). However, over 70% of the households did not need to use money to buy
water (76.9%), had access within 5 minutes (76.9%, N = 48), and boiled their water (73.1%).
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In terms of disaster risk perception indicators, over half of the respondents (60.8%) reported to
have personally experienced a disaster during their lifetime, namely, floods (25.8%), storms (25.8%),
snowstorms (22.6%), or droughts (12.9%), among others. However, only 32.7% of respondents believed
they were living in a high-risk disaster area, of which storms (44.4%), droughts (38.9%), floods
(22.2%), and snowstorms (11.1%) were the most frequently reported disasters in their area. In terms of
disaster preparedness attitudes, 47.7% out of 44 respondents agreed to the importance of keeping extra
medications for a disaster. Only 34.6% reported the necessity of a disaster bag, although most reported
having the following emergency items at home: a flashlight (98.1%), lighter (100%), and emergency
blanket (86.5%), with the exception of a whistle (3.8%). Finally, only 34.6% believed they had the ability
to protect their family’s health and safety in the case of a disaster.

3.2. Multivariable Analyses

Results from the multivariable analyses are shown in Table 2. Perception of living in a high-risk
disaster area was found to be associated with insufficient quantity of water (Adjusted Odds Ratio,
AOR = 30.48, 95% CI: 1.79-520.47), previous personal disaster experience (AOR = 37.17, 95% CI:
1.44-957.29), and household members on chronic disease medication (AOR = 23.68, 95% CI: 1.49-377.65),
after adjusting for gender, age, and annual per capita income. Perceived importance of keeping extra
medication for a disaster, as an indicator of disaster preparedness attitudes, was found to be associated
with household members with chronic disease (AOR = 4.66, 95% CI: 1.08-20.04), after adjusting for
gender, age, and annual per capita income. However, the preparedness attitude of disaster bag necessity
was not found to be significantly associated with any predictors. Coping ability, as demonstrated
through the perceived ability to protect their family’s health and safety in the case of a disaster, also was
not observed to have any significant associations in the backward logistic regression model.

Other perceived water security indicators were not found to be associated with the disaster
risk outcomes. Although some perceived water security indicators (such as drinking water source,
water storage, and water affordability) were associated with disaster risk outcomes in our univariable
analyses, they were no longer associated with disaster risk outcomes in the multivariable analyses.

Table 2. Multivariable analyses of disaster risk outcomes in Xingguang village, Chongqing, China.

Outcome Variable Adjusted Odds Ratio (95% CI)  p-Value
Risk perception: Living in a high-risk disaster area (N = 46) !
Female 0.51 (0.05, 5.76) 0.584
45 or older 2.39 (0.24, 24.32) 0.462
Insufficient quantity water 30.48 (1.79, 520.47) 0.018 *
Personal disaster experience 37.17 (1.44, 957.29) 0.029 *
Household member on chronic disease medication 23.68 (1.49, 377.65) 0.025*
Per capita income (Ref: >5000 RMB)
<5000 RMB 16.03 (0.92, 278.92) 0.057
Refuse to answer 1578.1 (6.65, 374,389.16) 0.008 *
Preparedness attitude: Importance of keeping extra medication for a disaster (N = 44) 2
Female 0.96 (0.21, 4.34) 0.954
45 or older 0.48 (0.12, 1.88) 0.289
Household member with chronic disease 4.66 (1.08, 20.04) 0.039 *
Per capita income (Ref: >5000 RMB)
<5000 RMB 0.81(0.17, 3.81) 0.79
Refuse to answer 0.07 (0.01, 0.98) 0.048 *

Preparedness attitude: Necessity of disaster bag (N = 50) 3
Nil

Coping ability: Perceived ability to protect in disaster (N = 52) 4
Nil

The following variables had p < 0.2 in the univariate analyses and were included in the backward stepwise logistic
regression models: 1 main source of drinking water, water quantity, previous personal disaster experience, and household
members on chronic disease medication (or, alternately, household members with chronic disease); 2 water storage,
ethnicity, occupation, and household members with chronic disease; 3 education, previous personal disaster experience,
and household members on chronic disease medication; * water affordability. Each backward logistic regression
analysis included age, gender, education, and annual per capita income. * Statistically significant at p < 0.05.
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4. Discussion

Overall, our study found that Xingguang village in Chongqing, China, faced vulnerabilities in
their perceived water security. The Xingguang village has been obligated to rely on the collection of
rainwater as their main source of drinking water despite the low quantity, relatively low reliability,
and potential risks of poor quality reported among the majority of the respondents in the village.
This indicates a water-scarce context where there is no better alternative source of water resources
available. Our findings support the premise that some aspects of perceived water insecurity could
further exacerbate the village’s disaster risk perception. Although only one-third of respondents
perceived themselves to be in a high-risk disaster area, our findings showed that perceived insufficient
water quantity was positively associated with higher disaster risk perception. This demonstrates that
within a community that regularly experiences insufficient water quantities, the awareness of their
disaster risk is influenced by this external circumstance.

Consistent with previous research, prior disaster experience was found to be associated with
a higher perceived disaster risk [12,13,22], while sociodemographic variables, such as age and gender,
were not found to be associated [12,13]. Moreover, those on chronic disease medications were more
likely to feel at risk of disasters than those who do not take medications, although the preparedness
attitude for supplying extra medications was associated with chronic disease persons in general.
These results indicate that those who have had relevant experiences related to their vulnerabilities
(such as previous disasters or chronic diseases) seem to have greater risk awareness and express
more willingness to protect themselves. By enabling more community members to identify their
health-related disaster risks and corresponding preparedness actions, this would help lower the
vulnerability of the community.

Preparedness attitude (perceived necessity of a disaster bag) and coping ability (perceived ability to
protect one’s family in a disaster) were relatively low, with only one-third of respondents in agreement.
However, we could not identify any water security or sociodemographic predictors for these two
outcomes among a rural population. This indicates that the ability to prepare or cope with disasters is
not impaired or impacted by the community’s frequent issues of water insecurity. These two outcomes
were also not associated with age or gender, although education might potentially have some effect
on coping ability, as it was found to be marginally significant (p = 0.088) but did not remain in the
final model. Higher risk perception, prior disaster experience, and resources-related variables, such as
income, were not found to be associated with preparedness attitudes of a disaster bag, or respondents’
coping ability. As this household survey was conducted during the needs assessment phase of our
project, our results indicate the disaster preparedness attitudes and coping ability prior to any disaster
education interventions in the community. Thus, increased awareness through a disaster education
intervention may be applicable to community members and could be beneficial towards developing
an appropriate attitude in regard to disaster preparedness. Additionally, respondents did report
possessing common household items that would be useful in the case of a disaster. This indicates that
they possess the necessary resources to respond to potential disasters but could be further guided in
their awareness and educated on the applicability of their resources.

Our findings on the association between insufficient water and high-risk perception is aligned
with the premise that if a community regularly experiences water insecurity then this problem may be
objectively exacerbated when sudden or slow-onset disastrous events occur. As such, more should
be done to develop the water supply of households in the village, to decrease their vulnerability,
and increase their resilience to respond to forthcoming water-related disasters. Literature has shown that
those with higher levels of perceived risk are more likely to engage in risk reduction behaviors [23,24].
Households could be guided to better harness the use of rainfall collection, such that they could collect
greater quantities of water. Community development should be conducted with the awareness of the
risks natural disasters pose to the water supply. Disaster risk reduction activities could be carried
out to address this association [25], such as spatial hazard mapping of water insecure households.
This may contribute to identifying a vulnerable group in the village that may be more exposed to water
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insecurity or disaster hazards. Risk assessments can be further conducted to prevent or mitigate the
effect of disasters on their water supply. Early warning systems can be put into place for different types
of water-related disasters (such as droughts, floods, etc.), such that the villages can ensure a timely
response and collect or prepare their water resources sufficiently in the case of emergencies.

Other water security indicators were not found to be associated with disaster risk perception,
which supports the argument that adequate water quantity is of greater importance than water quality
in water-scare conditions [26]. However, despite the non-significant associations, care should be taken
to ensure that the increase of water quantity does not come at the cost of other water security indicators
that would further increase the vulnerability of the villagers. Appropriate storage containers could be
identified that can maintain the quality of water and protect it from potentially hazardous elements.
These actions would in turn not only reduce the disaster risk of the community, but also further
enhance the community’s water security.

Our study faced limitations in terms of its cross-sectional study design, small sample size,
and missing data. We were unable to include objective assessments of water security indicators, such as
water quantity measures or measures of chemical or microbiological contaminants. Additionally,
we had no information on respondents’ actual disaster preparedness or coping ability and were only
able to assess their attitudes towards it. Our findings cannot be attributed as causation. Excessive
amounts of predictor variables would have reduced the power of the analysis, nevertheless we tried to
standardize our findings by adjusting for gender and age in the final models. As this was only a pilot
study with limited sample size, future research could help tease out possible relationships between
water security and disaster risk perception or further identify any associations.

5. Conclusions

As far as we know, our study is the first to examine the relationship between water security and
disaster risk perception and responses, and our results identified a relationship between insufficient
water quantity and disaster risk perception. These findings support the hypothesis that external
physical factors, namely inadequate water quantity, can be a contextual factor which affects disaster risk
perception. If a community already experiences water insecurity prior to a disaster, its vulnerability
will be magnified when affected by sudden or slow-onset disastrous events. With rapid socioeconomic
development in China, water security will be challenged and exacerbated. Our study identifies that in
awater insecure rural village, perceived insufficient water quantity is associated with higher disaster risk
perception, but not preparedness attitudes and coping ability. Water security, particularly sufficiency
of water quantity, is an important consideration not only in objective disaster risk assessments but also
among disaster risk perceptions and disaster risk management. Particularly in a rural decentralized
context, it is essential to consider and develop long-term water management in the lens of disaster
risk reduction, as well as disaster risk reduction strategies with an awareness of water sufficiency
levels. Such a two-pronged Health-EDRM approach would be valuable to combat future water security
challenges and improve the health and livelihoods of disaster-prone rural villages.
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Abstract: Emergencies and disasters typically affect entire communities, cause substantial losses
and disruption, and result in a significant and persistent mental health burden. There is currently a
paucity of evidence on safe and effective individual- and community-level strategies for improving
mental health before, during, and after such events. In October 2018, the World Health Organization
(WHO) Centre for Health Development (WHO Kobe Centre) convened a meeting bringing together
leading Asia Pacific and international disaster research experts. The expert meeting identified key
research needs in five major areas, one being “Psychosocial management before, during, and after
emergencies and disasters”. Experts for this research area identified critical gaps in observational
research (i.e., the monitoring of long-term psychological consequences) and interventional research
(i.e., the development and evaluation of individual- and community-level interventions). Three key
research issues were identified. First, experts underscored the need for a standardized and
psychometrically robust instrument that classified the mental health/psychosocial risk of people
within both a clinical and community setting. Then, the need for a standardization of methods
for prevention, screening, diagnosis, and treatment for affected people was highlighted. Finally,
experts called for a better identification of before, during, and after emergency or disaster assets
associated with greater community resilience.

Keywords: health emergency and disaster risk management (Health-EDRM); Sendai Framework for
Disaster Risk Reduction; WHO Thematic Platform for Health-EDRM Research Network; post-traumatic
stress disorder; mental health impacts; psychosocial management; community resilience
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1. Introduction

Large-scale emergency and disaster events, resulting from natural, technological, or human causes,
often affect entire communities. They invariably yield significant human and capital injuries and losses
coupled with prolonged social and infrastructure disruption. Moreover, emergencies and disasters
typically place a significant and persistent mental health burden on those directly and indirectly
affected, together with those who respond and their associated services. As a result, public health
organizations are charged with intervening and helping citizens and communities cope in the aftermath
of emergencies and disasters. The public health response during and after emergencies and disasters
has historically focused on protecting populations from immediate threats [1]. However, the role
of public health and health systems in providing sustained psychosocial support for directly and
indirectly affected victims, the long-term monitoring of psychological profiles, and delivering ongoing
strategies for enhancing resilience may be just as important [2].

In October 2018, the World Health Organization (WHO) Centre for Health Development (WHO
Kobe Centre) convened a meeting in order to identify key emergency and disaster research needs.
A panel of invited experts from the WHO, WHO Thematic Platform for Health Emergency and Disaster
Risk Management (Health-EDRM) Research Network (TPRN), World Association for Disaster and
Emergency Medicine, and the Japan International Cooperation Agency, along with delegates to the
Asia Pacific Conference for Disaster Medicine 2018, was convened [3]. The panel was informed by
multiple sources, including the progress and implementation of the Sendai Framework on Disaster
Risk Reduction 2015-2030 [4], documentation from the 3rd UN World Conference on Disaster Risk
Reduction (including the establishment of TPRN), and literature on the recommended Health-EDRM
research activities [5-8]. After a review of these documents, together with appraising existing projects
and activities, five major areas of research need were identified. These were clustered and named
under the following banners: (i) Health data management before, during, and after emergencies and
disasters; (ii) Psychosocial management before, during, and after emergencies and disasters, and other
medium- and long-term effects on the public health and health systems, the topic of this paper;
(iii) Community emergency and disaster risk management, including risk literacy and addressing
needs of sub-populations; (iv) Health workforce development for health emergency and disaster risk
management; and, (v) Research methods and ethics.

2. Material and Methods

The content of this discussion paper arises from the WHO Kobe Centre convened panel’s
deliberations, based on available evidence and their expertise in psychosocial management before,
during, and after emergencies and disasters. The lead discussant (Yoshiharu Kim), the rapporteur
(Mélissa Généreux), and the other experts who participated to the discussion (1 = 7) primarily sought to
(i) identify critical gaps in scientific evidence in this major area of research, as well as (ii) discuss concrete
research questions and issues, with the aim of potentially resolving these gaps through collaboration
among Asian Pacific regional and global researchers and related stakeholders. Additionally, the panel
aimed to assess knowledge-to-practice gaps in order to better integrate current expertise and research
in this area for each disaster management phase.

3. Results

A consensus emerged among the expert panel that there is currently a paucity of evidence on safe
and effective individual- and community-level strategies for monitoring and improving psychosocial
health and building resilience before, during, and after emergencies and disasters.

3.1. Critical Research Gap Identification

The discussion on critical gaps in scientific evidence led to the identification of three priorities in
research, namely the monitoring of long-term psychological consequences; the need for individual-level
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interventions; and the need for community-level interventions. Each of these identified gaps are now
described in turn.

3.1.1. Monitoring of the Long-Term Psychological Consequences

In order to strengthen current psychosocial strategies to promote health and wellbeing before,
during, and after emergencies and disasters, the monitoring of people’s psychological profile needs
to be harmonized or standardized. Such standardized monitoring enables population patterns to
be followed over time, across the phases of the emergency or disaster, and provides an empirical
characterization of recovery for the whole population and various important subgroups. Moreover,
itwould enable national and international comparisons to be drawn and facilitate a better understanding
of community-level psychosocial wellbeing. Ideally, any standardized instrument would be derived
from routinely collected information, thereby reducing participant burden and also being available
before, during, and after emergencies and disasters. Many studies have reported both persistent adverse
outcomes (notably post-traumatic stress disorders (PTSD) or symptoms (PTSS), anxiety, and depression)
and positive outcomes (e.g., post-traumatic growth, and closer sense of community) for years following
exposure to natural or anthropogenic disasters. Moreover, these positive and negative effects have been
observed among those directly affected by the emergency or disaster, and also among those peripherally
affected, such as workers and caregivers, and the wider population. However, community-level
profiles are often left unmeasured prior to emergencies or disasters, making longitudinal recovery
patterns difficult to fully ascertain. This is further compounded by the fact that specific sub-groups
are often disproportionally impacted, may have differential recovery periods, and that the impact
may vary greatly according to exposure type and intensity [9-15]. Children and youth, the elderly,
those socioeconomically deprived, and disabled people frequently carry this disproportionate burden.
Although standardization of exposure and outcome measures is desirable and central, this should
not preclude the additional use and reporting of other culturally or geographically specific measures.
Various indigenous and other groups of people around the globe define health and wellbeing in
different but equally valid ways, and this should be acknowledged and respected in any form of
reporting or monitoring.

3.1.2. Individual-Level Interventions

To better understand the psychosocial risks, vulnerabilities, and capacities following an emergency
or disaster, a wide range of individual-level interventions need to be developed and evaluated, both in
clinical and community-based settings. Such interventions should include, but are not limited to,
self-care programs, humanitarian support, psychological first aid, prevention, screening and diagnosis
tools for both health and non-health workers, and medication required for various types of sequelae
mental health problems [16,17]. Preventive interventions are thought to be especially important to
reduce the risk of PTSD and depression among workers who are acutely exposed [18], including first
responders (e.g., fire, police, emergency medical staff). It is also critical to ensure that validated
clinical interventions and tools can be shared and used more widely, through training, guidelines,
repositories, and communication and dissemination strategies. Guidelines for the appropriate use of
the interventions and tools must be clearly articulated, and their misuse must be avoided.

3.1.3. Community-Level Interventions

In a similar vein to the above, there is a need to further develop and evaluate community-level
strategies, such as psychosocial education (before emergency or disaster), addressing the unmet
psychosocial needs through self-help groups and dynamic group psychotherapy (after emergency or
disaster), cultivating community resilience, empowering the citizens, and mobilizing the community
(before, during, and after emergency or disaster) [19-22]. An evidence base of interventions that
have empirically demonstrated successful implementation and efficacy needs to be developed and
established. As for individual-level interventions, there is an added need for enhanced knowledge
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translation strategies so that lessons learned from community-level interventions can be pooled, shared,
and used on a broader basis.

3.2. Proposed Research Questions and Issies

Concrete research questions were proposed to meet each of the identified knowledge gaps.
The first question pertained to the classification of people exposed to a disaster according to their level
of psychosocial need. Currently, multiple and often inconsistent definitions are employed. It was
advocated that an epidemiological tool (i.e., a standardized and psychometrically robust instrument)
should be developed and validated for the classification of risk (e.g., high-risk, mid-risk, and low-risk)
for people exposed to an emergency or disaster. Drawing on the social determinants of health
framework, a wide range of risks and assets previously documented in the scientific literature should
underpin the construction of this tool [23-25]. Broadly, it is likely to include the following:

e  Before emergency or disaster: pre-existing risk and protective factors;
e During emergency or disaster: exposure to primary stressors, human and material losses;
e After emergency or disaster: exposure to secondary stressors, and access and use of local resources.

As the emergency or disaster impacts invariably extend beyond the clinical setting, the tool
should be suitable for patients within that setting but also for persons within the wider community
(e.g., conducting a community health survey). As such, it is likely the tool will have robust screening
rather than definitive clinical exposure diagnostic properties. The validation of this tool should be
performed using longitudinal and multi-centric studies, and should focus on its ability to predict
various outcomes, like PTSD, other psychological symptoms (including psychological distress, anxiety,
and depressive symptoms), maladaptive behaviors (including alcohol and drug abuse), self-care,
quality of life, and positive outcomes (including post-traumatic growth).

The need to standardize interventions delivered to people exposed to a disaster using
evidence-based best practices was also stressed. Panel members suggested the development and
validation of methods to screen, diagnose, and treat people exposed to a disaster in clinical and
community-based settings. Such clinical tools should frame emerging practices, such as risk screening
by community members, by ensuring that they are both effective and safe, and by underlining the
conditions for success of such methods.

Finally, panel members called for a better identification of what makes a community resilient,
through an assessment of before, during, and after emergency or disaster assets (i.e., characteristics,
strengths, and resources) that are associated with greater community resilience. Local knowledge
should be considered in the same manner as scientific knowledge. Having been through a unique
and informative experience, the local health workforce involved in psychosocial management must
draw and share lessons in the aftermath of a disaster (in close collaboration with researchers and
community members) through case studies. Guidelines for their reporting of these studies should
include the following.

e  What were the needs and assets in the local community?
e How and by whom were these needs and assets addressed?
e What were the barriers and the success factors for sustaining resilience and recovery?

Standards (or format) to report case studies should facilitate the pooling and the sharing of
such local evidence. Moreover, respective roles of health and non-health sectors need to be clarified,
as community resilience absolutely requires a cross-sectoral approach. In time, these case studies
could be subjected to meta-analyses in order to distill common features that transcend each unique
emergency or disaster-ravaged community.
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4. Discussion

The current research gaps and priorities in psychosocial management after emergencies and
disasters identified by the expert panel are, perhaps unsurprisingly, mirrored within the literature.
The lack of long-term observational and interventional research [8,26-28], challenges in systematically
collating and delivering lessons learned from events, and difficulties in creating and sustaining effective
community engagement [29-31] have all been described before. However, this paper is among the first
that attempts to draw the various threads of these research needs together.

Although the before, during, and after phases of emergency and disaster management are all
important, the panel asserted that local efforts in psychosocial management are mostly oriented
toward the short-term after the event. Once the emergency or disaster is over, medical, psychosocial,
and public health teams are often required to revert to and resume their regular tasks as quickly as
possible. Long-term psychosocial recovery is perhaps the most challenging task because of the burden
on professionals (e.g., accumulating workload) and organizational factors (e.g., weakening political
commitment). As a result of this fatigue, monitoring of long-term psychological health consequences
is not usually done (with a few exceptions) [25,32], much less in a standardized manner.

Another critical area that is typically overlooked in the post-event landscape is the evaluation of
psychosocial interventions provided during the recovery phase of an emergency or disaster, which are
typically not routinely carried out. Such evaluations would provide the necessary evidence for
establishing standards and best practices [26]. Due to the often unpredictable nature of emergencies
or disasters, it is often impossible to conduct randomized or prospective cohort studies that capture
the before, during, and after phases of the event. Instead, within this emergency or disaster setting,
interventional research should exploit apposite tailored natural experiment designs. These will often
be shaped by pragmatic considerations, such as resources, expertise, and data availability, but are
likely to include pre—post, interpreted time series, and change point study designs. Together with
the standard cross-sectional or repeated measure studies often initiated following an event, a richer
empirical evidence base will emerge. With the increasing availability of routinely collected data and
greater ability for matching and tracking individuals over time, these data sources are likely to have
increased utility in emergency and disaster research. With data sufficiency, the psychosocial profiles
within affected communities could be monitored by measuring changes before, during, and after the
emergency or disaster and comparing these patterns to unaffected control communities [33]. Finally,
learning from past events should be systematized, notably through case studies, as they are likely to
inform the identification and sharing of common international problems and solutions.

The importance of identifying and leveraging existing assets at the community level was
also raised. Working from existing capacities was strongly valued among the panel. However,
communities typically remain poorly engaged in disaster management. Indeed, often after an
emergency or disaster, various sectors within the community, particularly those disproportionately
affected, experience heightened barriers which contribute to further physical and social exclusion,
and pursuant disengagement. Evidence-based efficacious strategies to mobilize local knowledge and
expertise before, during, and after a disaster are yet to be developed [34].

Finally, the discussion of our expert panel on solutions to fill psychosocial management knowledge
and knowledge-to-practice gaps before, during, and after emergencies and disasters aligned with the
priorities set by the 2015-2030 Sendai Framework for Disaster Risk Reduction [35]. Indeed, the Sendai
Framework emphasizes the requirement for “improving the knowledge of government representatives at all
levels through the sharing of experiences, lessons learned and good practices” (Paragraph 24g) and “ensuring
that local knowledge and practices complete, as appropriate, scientific knowledge of disaster risk assessment”
(Paragraph 24i) [4].

5. Conclusions

Itis hoped that this delineation and discussion on key research issues in psychosocial management
will contribute to the identification and implementation of concrete solutions that foster the creation
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and the use of knowledge for psychosocial support and resilience building before, during, and after
emergencies and disasters. As for other major Health-EDRM research areas, psychosocial management
requires collaboration between experts, decision makers, practitioners, and communities in order to
facilitate coordinated responses when and where they are most needed. It is critical that psychosocial
strategies developed to support victims and communities affected by emergencies and disasters are
validated and that knowledge gained from these experiences is shared and used as much as possible.
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Abstract: Following the 2003 the severe acute respiratory syndrome (SARS) and the 2015 Middle East
Respiratory Syndrome (MERS) outbreak in South Korea, this research aims to explore and examine
the factors influencing the response to infectious diseases, which encompasses both communicable
and non-communicable diseases. Through a qualitative research method, this research categorizes
the factors as inputs, processes and outputs and applies them into the 2003 SARS and MERS outbreak
in South Korea. As the results conducted meta-analyses to comprehensively analyze the correlations
of factors influencing disaster response from a Korean context, the findings show that the legislative
factor had direct and indirect influence on the overall process of infectious disease response and
that Leadership of the central government, establishment of an intergovernmental response system,
the need for communication, information sharing and disclosure and onsite response were identified
as key factors influencing effective infectious disease response.

Keywords: infectious diseases; meta-analyses; severe acute respiratory syndrome (SARS); Middle
East Respiratory Syndrome (MERS); South Korea

1. Introduction

Recently, a wide array of disasters, including earthquakes, forest fires, various infectious disease
outbreaks and marine accidents have occurred in Korea. Accordingly, the importance of disaster
response has drawn more attention than it ever has in Korea, which was once considered a safe
zone from various disasters. However, following the recent and sudden increase in the frequency
of disasters, sufficient learning and legislature, as well as policy-making processes in Korea have
exposed limitations in the disaster management system, relative to other countries and regions where
disasters have occurred more frequently. The recent efforts to change the disaster response system after
certain disasters has exposed many limitations. Under such circumstances, it is difficult to respond
appropriately to disasters and there are limitations to avoiding or reducing social and economic losses
caused by disasters.

After the sinking of MV Sewol, also called the Sewol ferry disaster, in 16 April 2014, the Korea
Coast Guard was dissolved and the Ministry of Public Safety and Security (MPSS) took on the role of
a control tower. Every episode of failed disaster response was always blamed on the lack of a control
tower. Therefore, the introduction of MPSS was expected to be a panacea for effective disaster response.
However, the initial response still failed during subsequent disasters, including in the Middle East
respiratory syndrome (MERS) outbreak, the Geyongju earthquake and various marine accidents,
which confirmed that the disaster response was still not being effectively executed. When President
Moon took office, the new government underwent reorganization and in July 2017, MPSS was integrated
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into and absorbed by the Ministry of Interior and Safety. In 2018, the Department of Disaster and
Safety Management within the Ministry of Interior and Safety took over the responsibilities that used
to belong to MPSS.

Despite the persisting limitations in disaster response and management, studies related to
disaster response continued to discuss the need to achieve the common goal of effective disaster
management within a network with participation from regional government, central government,
private organizations, citizen’s groups and military units based on independence and autonomy [1-11].
Moreover, other studies outlined factors influencing disaster management and response from
a macroscopic perspective and analyzed disaster management and response through awareness
surveys [8,12-14]. Discussions on disaster resilience have been increasing in recent years. The term
“resilience” refers to a concept that demonstrates the attributes of the ecosystem as a system, which has
become a social science concept [15] and is being applied in disaster management. After a disaster,
our society requires resilience to return to normalcy following the disaster’s physical and social impact.
This can be regarded as part of the recovery phase of disaster management. Resilience includes not
only a physical system but also disaster resilience at the organizational level, which is the ability
to cooperate in coordinating key resources by going above and beyond for the community and
minimizing operational confusion [16]. Despite the various disaster-related studies in Korea and
abroad mentioned above, studies about disasters within the context of Korea, where discussions
on disasters have only recently begun, have been qualitatively and quantitatively insufficient.
Therefore, in addition to the existing studies, diverse and comprehensive discussions consisting
of identification and securement of resources for disaster management; information sharing; timely and
accurate communication and coordination with relevant agencies; networking processes that organically
link disaster prevention and preparedness during non-disaster times; response during a disaster;
recovery after a disaster; and learning from the experience of the disaster; are needed for effective
disaster response. However, as the present study focused on disaster response, its discussion section
did not cover recovery that includes resilience.

Moreover, the present study focused on infectious diseases. Despite not being the first infectious
disease outbreak in Korea, responses to the severe acute respiratory syndrome (SARS) outbreak in
2003 and the Middle East respiratory syndrome (MERS) outbreak in 2015 had completely different
outcomes. In 2003, upon identification of the outbreak of an emerging infection known as SARS in
China, immediate nationwide preventive measures and an organic cooperation system involving the
central government, health centers and quarantine stations nationwide were implemented. In the end,
approximately over 8000 people worldwide, including in China, were infected and approximately
770 people died. However, Korea had only three confirmed SARS patients and no deaths; as a result,
Korea was assessed as a model nation for SARS prevention by the World Health Organization (WHO).
By 2015, however, more than 10 years later, Korea’s reputation regarding infectious disease response had
been tarnished by systematic problems and the absence of disaster management and communication
capacity. After the MERS outbreak, everyone felt the need for an in-depth examination of issues
concerning how the infectious disease response system in Korea had changed over the past 10 years;
the role of the central government, experts and the onsite command system and organizations at
regional level; and how to solve some of those problems.

Despite the growing interest in and the need for further research, there are only few studies on
the factors that determine the success and failure of infectious disease response and the responses
to administrative and policy aspects. Therefore, the present study aimed to conduct a systematic
investigation into the factors that influence disaster response, focusing specifically on infectious
diseases by examining cases of outbreaks of infectious diseases that have occurred in Korea. The study
aimed to analyze the correlations of the factors that influence infectious diseases by conducting a review
of articles, precedent studies and other publications.
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2. Theoretical and Institutional Background

2.1. Infectious Diseases

The present study conducted an in-depth review of the concept of infectious disease and infectious
disease response, which are the subjects of its theoretical review. In the past, the terms “contagious”
or “communicable disease” were generally used. However, because the term “communicable
diseases” implied diseases that were transmitted from one person to another, which further implied
difficulties in controlling them, the term was changed to “infectious diseases,” which encompasses both
communicable and non-communicable diseases. For effective prevention and management of infectious
diseases, the existing “Parasitic Disease Prevention Act” and “Communicable Disease Prevention Act”
were merged. According to the “Infectious Disease Control and Prevention Act,” infectious diseases
include Class 1-5 of infectious diseases, designated infectious diseases, WHO-monitored infectious
diseases, bioterror infectious diseases, sexually transmitted diseases, zoonotic infectious diseases and
healthcare-associated infections.

Korea has experienced outbreaks of diseases that were traditionally regarded as “diseases that
occur in developing countries,” such as hepatitis A, tuberculosis, chicken pox and malaria, while cholera
patients were identified for the first time in 15 years in 2016. Moreover, despite continued outbreaks
of emerging infectious diseases since the SARS outbreak, there have been no noticeable changes in
prevention and response measures. With the subsequent occurrence of the MERS and Zika virus in
Korea and the re-emergence of cholera, an infectious disease that had not been experienced for a while,
public anxiety about health safety is growing. According to the Infectious Diseases Surveillance
Yearbook published by the Korea Center for Disease Control and Prevention (KCDC), the level of
imported infectious diseases has been increasing every year, with 300-400 newly reported cases every
year since 2010.

Experts have warned that this is only the beginning of the war against infectious diseases,
due to the following reasons. With the changing global environment and increased human
migration, prevention of emergence or re-emergence of infectious diseases is fundamentally impossible.
Moreover, infectious diseases tend to evolve along with advances in medical technology and emerging
infectious diseases are difficult to handle since they spread quickly and have no readily available
treatment. In particular, knowledge about the characteristics, route of infection and control measures
of emerging infectious diseases are lacking or uncertain and it is difficult to predict when, where and
how these diseases may emerge. Moreover, globalization has brought with it an increased level
of international trade and travel. Therefore, Korea, which has a high foreign trade dependency,
is constantly exposed to the risk of imported infectious diseases.

Despite the growing anxiety and concerns about infectious diseases, studies on infectious disease
response and control are lacking. After the MERS outbreak, numerous studies on the response to this
outbreak were conducted [17-37]. However, most of the studies focused mostly on medicine and
communication, with relatively fewer studies focusing on administrative fields [38-46]. Studies in the
medical field must precede the response to infectious diseases, so that information and knowledge
about the infectious disease can be applied in response measures. However, if the national infectious
disease response system is not ready when an actual infectious disease outbreak occurs, then medical
determination and response, as well as crisis management and communication cannot be executed
properly. This is because medical response, crisis management and communication are sub-elements
in such a national-scale system. Therefore, it is important to conduct studies on infectious diseases
and responses in every specialty. However, there is also need for comprehensive discussions that
include the establishment of laws; regulations; resources; information on infectious disease response
from administrative and policy perspectives; information sharing system; and the establishment of
an international cooperation system and national response system involving the central government,
the regional government, private organizations and the public for effective response when an actual
infectious disease outbreak occurs.
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In addition to infectious diseases being difficult to handle, the MERS outbreak in 2015 also revealed
that even if prevention and response measures are in place, a failed initial response can lead to an
unanticipated increase in the rate and scope of infection transmission. Moreover, disaster responses
do not always pan out as planned and uncertainties and complexities that emerge after the disaster
must be handled. Therefore, it is necessary to identify government-level responses and make effort to
improve the response system. However, previous studies on responses to infectious diseases are still
lacking despite the importance of this issue. Accordingly, the present study was conducted with the
consciousness of the need to analyze response systems based on past response experiences in order
to effectively respond to future infectious diseases, which are a threat. The present study analyzed
two cases of infectious disease outbreaks based on the factors that influence response to disaster,
as identified through existing studies and theories and aimed to derive factors that have a strong
influence on the effectiveness of actual disaster response.

In the following section, the factors that influence disaster response will be categorized from
a system theory perspective to form a categorization framework.

2.2. Factors That Influence Disaster Response

Factors that influence disaster response have been identified through numerous studies over
several years. Most of the studies on disaster response analyzed actual cases by applying analytical
tools based on major variables presented in existing studies and theories [14,47-54] or they analyzed
the factors that influence disaster response by administering questionnaire surveys to members of
agencies associated with disaster response [12,55,56]. Therefore, instead of comprehensively examining
the factors influencing disaster response, these studies handled the subject at a macroscopic level,
focusing on the major variables. The present study aimed to organize factors and variables that
influence the entire process of disaster response from a comprehensive and systematic perspective
and categorize these factors and variables based on a system theory perspective in order to present an
analytical framework. This concept and context are similar to those of Perry [57], who claimed that
influencing factors of disaster response that are derived without classifying according to disaster types
do not need different analytical frameworks since they can be described and analyzed according to the
factors presented and they only differ in intensity according to the type of disaster.

The present study reviewed existing studies, focusing on those with “disaster response”
and “effective disaster response” as the outcome variables.  The factors that influence
disaster response can be broadly categorized into financial resources, human resources,
physical resources, information, education and training, leadership, intergovernmental relationships,
onsite response, information sharing, environmental context, characteristics of disaster and the
legal/institutional environment.

Resources that influence disaster response can be categorized into financial, human and
physical resources.

Financial resources include the government’s budget for disaster response, funding to support
processes involved in disaster response and support from the government or community [50-53].
Therefore, financial resources can be regarded as the disaster-related budget, the disaster management
fund and financial support measures for processes entailed in Korea’s disaster response system.

Human resources included disaster response-related organizations and agencies, education and
training of relevant organizations and the general public and utilization of specialists. Existing studies
have pointed out that the establishment of disaster response-related organizations or crisis
management centers and the securement of specialists have a very significant influence on disaster
response [49,51,52,55,58,59]. This is because identification of disaster response-related organizations
and agencies must come first to allow effective communication about disaster response and secure
accountability in disaster response [55]. Moreover, education and training for disaster response
organizations and their members has been mentioned as an element that allows effective disaster
response [49,51]. Lastly, physical resources refer to securement of disaster management-related
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resources and establishment of disaster management facilities. As indicated in the study by
Lindell et al. [51], securement of disaster response and management resources within the organization
allows timely and accurate disaster response, which was expressed as disaster response equipment in
the study by Jung [56]. Such physical resources can be viewed as disaster management resources and
facilities and whether the expansion of negative-pressure units and emergency isolation units have
occurred also influences the response to infectious diseases.

Other influencing factors besides resource-related factors include education and training.
Knowledge can be explained as a collection of disaster-related information and information sharing in
advance, where information about different types of disasters must be collected before the occurrence
of a disaster. Factors associated with disaster information have a positive effect on disaster response,
as indicated in the study by Kim [60], which reported that when a disaster information system is
established the recognition of the importance of information quality and higher information quality
had a positive effect on achieving disaster management duties.

Next, leadership, intergovernmental relationships and communication, onsite response and
information sharing have been identified as factors that influence disaster response. First, leadership in
the context of this paper refers to leadership in the central government, which can be divided into
leadership from the President and leadership from central organizations and agencies. The President’s
level of interest in disaster management and response and the governance style in running an
organization, were analyzed as factors that have significant influence on disaster response [61].
Moreover, onsite leadership by the heads of organizations and agencies must be demonstrated
in a timely manner, especially in initial disaster response, in order to prevent the disaster from
spreading [50,53,56,59,62]. Second, intergovernmental relationships and communication are also
factors that influence effective disaster response [50,52,53,63,64]. In addition, network was also
pointed out as a factor that influences disaster response. Existing studies tended to use the
concepts of network and inter-organizational cooperation without clearly differentiating them
but both network and inter-organizational cooperation were analyzed as factors that positively
influence disaster response [54,63,64]. One of the reasons inter-organizational communication and
coordination, network and cooperation have been identified as important influencing factors is
that appropriate allocation and utilization of disaster response-related resources are essential for
effective disaster response. Accordingly, the present study analyzed intergovernmental relationships
in order to comprehensively examine intergovernmental and inter-organizational relationships,
communication and cooperation.

Information sharing has also been identified as an important factor in disaster response.
Information sharing between organizations and with the general public after a disaster was found to
have a positive influence on actual disaster response. In particular, a study by Hyun [6] found that
information disclosure-related legislation, the organization’s budget, personal awareness and attitude
and information quality influenced the effectiveness of disaster management. Among various
factors influencing disaster management and response, factors associated with disaster-related
information disclosure and sharing were tested for their influence on the effectiveness of disaster
management. The results showed that greater information quality in information disclosure and
sharing and greater personal awareness and attitude positively influenced the effectiveness of disaster
management. Effective disaster response may comprise sub-variables from its outcome aspect.
In a study by Denise [65], the effectiveness of disaster response was determined by measuring life
loss, property damage, satisfaction of stakeholders, society’s resilience, operational efficiency and
budget maximization. Moreover, a study by Byun (2014) examined fire service organizations and
thus effectiveness was determined by evaluating fire containment and rescue, while efficiency was
represented by reduction in damage and cost-effectiveness.

Other factors influencing disaster response include environmental factors [55,56,58,59],
disaster characteristics [51,55,59] and legislative factors [3,51,55,66].
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2.3. Introduction of Cases

2.3.1. SARS

SARS stands for Severe Acute Respiratory Syndrome. It has a latency period of 10 days, after which
the victim experiences high fever (>38 °C), coughing and respiratory distress. It is transmitted by
respiratory routes to medical staff and family members who come in close contact with the patient.
Complete cure is possible if treatment is administered early, where approximately 90% of infected
patients recover easily within one week. However, SARS may rapidly become severe for elderly or
frail patients or for patients with chronic illness, yielding a mortality rate of approximately 3.5%.

SARS became known worldwide on 11 February 2003, when the Chinese health authority
announced that 305 patients with SARS had been identified in China between November 16, 2002 and
9 February 2003, five of whom had died. WHO, which had strengthened its surveillance activities in
the Asian region after identifying the likelihood of the emergence of influenza, issued a worldwide
warning on 12 March 2003. According to the official statistics released by WHO in November 2003,
between November 2002 and July 2003, a total of 8098 suspected SARS cases from a total of 28 countries
were identified and a total of 774 SARS related deaths were reported. Consequently, SARS emerged as
the first new disease in the 21st century that was highly contagious and severe and its transmission
through international air travel received special attention.

Since February 2003, when SARS became known for the first time, Korea continued to monitor
SARS outbreak trends through WHO data and recognized the need for national quarantine measures.
Accordingly, guidelines for strengthening nationwide SARS quarantine measures were passed down
on 12 February 2003 and on March 16 the Korean government issued a SARS alert, in keeping with the
announcement of the global SARS alert by WHO and established a quarantine system. With NIH playing
a central role, all healthcare institutions, including 12 national quarantine stations and 242 health centers,
maintained a 24-hour emergency operation-ready status as part of the emergency SARS quarantine
measures. Moreover, a quarantine system was established by designating 41 hospitals as isolation
treatment hospitals according to regions. In addition, the policy of measuring people’s body temperature
as they entered the country through airports and sea ports was implemented in order to detect SARS
inflow from overseas and to prevent the disease from spreading. Furthermore, follow-up investigations
were conducted on people who entered Korea from SARS-risk regions and a system through which
patients suspected of being infected could be transported immediately for isolation and treatment
was put in place. Moreover, additional isolation measures were implemented for people who came in
contact with infected patients to prevent the disease from spreading further, in addition to preventing
the import of SARS. Recommendations were made to refrain from traveling to high-risk regions to
further prevent the import of SARS into Korea and to encourage precautions during travel.

During the response process to the outbreak, a meeting for city and provincial quarantine officials
and experts was held on 3 April 2003. On 23 April 2003, a discussion was held on measures of blocking
the importation of SARS and preventing its spread. The decision to implement government-wide
response measures by setting up a central SARS measures headquarter, led by the Minister of Health
and Welfare and satellite stations at city and province levels was made. Subsequently on 28 April 2003,
a government-wide comprehensive SARS situation room was introduced and Prime Minister Kun Goh
released a general public statement, urging active cooperation from the general public regarding the
response measures taken by the government. Eventually, WHO declared on 17 June 2003 that Korea
had won the war against SARS, effectively subduing SARS in less than 100 days after the global SARS
alert was issued [67].

2.3.2. MERS

MERS stands for Middle East respiratory syndrome. The outbreak of MERS coronavirus started on
24 April 2015 following its introduction into Korea by a 68-year-old male, who worked in floriculture
and was returning home to Korea after a visit to the Middle East. The patient was treated at a clinic for
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a fever he developed seven days after arriving in Korea but his condition did not improve. After his
visit to the clinic, he received inpatient treatment for three days at Pyeongtaek St. Mary’s Hospital and
was subsequently discharged. Because of continued symptoms of high fever and respiratory distress,
he visited another clinic and was eventually admitted to a single-bed unit at the Samsung Medical
Center in Seoul on 18 May 2015. The staff at Samsung Medical Center had learned that the patient had
visited the Middle East and based on a suspicion of MERS, the doctor in charge requested KCDC to
perform further testing on the patient the following day (19 May 2015). The diagnostic test performed
by NIH detected Middle East Respiratory Syndrome CoronaVirus: (MERS-CoV) genes in the patient.
Following the announcement of these findings on 20 May 2015, identification of the first MERS patient
in Korea was officially reported [68].

As shown in Figure 1, the first MERS patient in Korea visited multiple clinics and large hospitals for
treatment over a 10-day period since the symptom:s first appeared, during which time he came in contact
with family members, other patients and medical staff, resulting in many cases of secondary infection.

Confirmed global cases of MERS-CoV
. Reported to WHO as of 17 Nov 2017 (n=2103)

100

7)) World Health
% Organization

Figure 1. Confirmed global cases of MERS-CoV (source: https://www.who.int/emergencies/mers-cov/en/).

As shown in the graph above, the highest number of confirmed MERS cases outside of the Middle
East region was found in Korea.

The response to MERS completely exposed contradictions in the national quarantine system,
as well the healthcare system. KCDC and local government entities all proved inadequate in their
ability to respond to the public health crisis caused by this infectious disease. There was confusion
due to lack of clarity in the delegation of roles between the central and regional governments and
the cooperation system between health authorities and medical institutions did not operate smoothly
either. Most medical institutions, including general hospitals, small-to-medium-sized hospitals and
clinics, were not prepared to deal with healthcare-associated infections and as a result the infection
continued to spread among patients and medical staff. In addition, problems in the transport and
referral system for confirmed or suspected patients were discovered, while compensation for medical
institutions and research and development of emerging infectious diseases became points of contention.
Moreover, medical staff who participated in the isolation and treatment of MERS patients complained
about job-related burden and stress.

The MERS outbreak exposed fundamental problems in the public healthcare system and
vulnerabilities in the national quarantine system but the solutions to these problems have not
been clearly identified to date. The MERS outbreak caused restrictions in Korean citizens” day to day
lives and significantly impacted the national economy. The socioeconomic impact of MERS has still
not been accurately assessed. What is clear at this point is that the entire Korean society has become
more interested in infectious diseases and that infectious diseases have become an agenda directly
linked to public safety.
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Moreover, people recognized that in order to respond to emerging infectious diseases it is necessary
to continually assess and monitor infectious diseases that occur worldwide and establish manuals
based on up-to-date knowledge through research, specialists and timely crisis analysis during the
response process. In addition, the need to establish an infectious disease response network and
partnerships between medical institutions and local government, as well as a central government,
was also presented.

3. Study Design

3.1. Factor Categorization

The objective of this study was to inductively explore the factors that influence response based on
studies related to disaster and infectious disease response. For this, a meta-analysis method called
successive approximation was used [69]. Prior to inductive exploration of the factors that influence
disaster response, sample articles were used to categorize these factors. The study also aimed to
perform successive meta-analyses to present a model based on detailed explanation and revision of
the previously established factors influencing disaster response. Accordingly, the present study used
a rough model based on the categorization of the factors influencing disaster response presented in
existing studies to perform meta-analyses on SARS and MERS cases.

In summary, after establishing the initial model, several rounds of meta-analyses were performed
to refine the model. Accordingly, the incomplete preliminary theoretical framework, which can be
viewed as the initial model, represented simplification and categorization of major factors through
existing disaster response-related studies. The study aimed to conduct successive analyses based on
the incomplete framework to present a refined model by revising the factors and the relationships
between them. Accordingly, precedent studies previously examined in Chapter 2 were used to derive
the factors influencing disaster response from a system perspective. On a review of numerous studies,
it was discovered that the duties assigned to various organizations and agencies and the factors that
actually influence disaster response show regularity [47,70,71]. Therefore, based on such regularity,
the study aimed to categorize these factors according to timelines from a system theory perspective.

First, the studies that presented communication, coordination, cooperation and network from the
process level as the mediating variables for effective disaster response included those by [3,50,55,71].
Other studies selected the process level variable as one variable among many independent variables in
analyzing the influence on effective disaster response. It was commonly pointed out that resources
related to disaster response influenced the outcome of disaster response through the interactions and
coordination between organizations and agencies in the response process.

Kapucu [71] analyzed the influence of the system, organizational environment, tools for
organizational capability and cooperation and the decision-making process of actors in the entire
process on effective disaster response. The system was a variable that included organizational structure,
culture and goals, while the environment included time pressure, uncertainty and complexity of the
situation. Capability was a factor that involved decision-making support, communication tools,
previous cooperation experience, flexibility in responding to disaster and immediate response
capability, while actors included the number of stakeholders, experts, interdependence and trust.
The study examined whether these independent variables influenced effective disaster response through
cooperative decision-making processes, meaning open and honest exchange of opinions, shared model
construction, negotiation and utilization of relevant knowledge and information. The proposed
research model was used to conduct social network analysis through content analysis, in addition to
in-depth case analysis on countries that were victims of terrorist attacks, including the US, Indonesia,
Turkey, Spain and the UK. Moreover, a study by Lindell et al. [51] also revealed that various resources
influenced disaster planning and such process had a significant influence on the efficiency of disaster
response. On the basis of these studies, a framework consisting of independent variables having
an influence on the effectiveness of disaster response through the disaster response processes was
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constructed. Even in studies that do not present process variables as mediating factors, the majority
of process variables were selected as independent variables for analysis and thus it is necessary to
reorganize and categorize the variables that were presented in previous studies.

As shown in Figure 2 the present study selected the factors influencing disaster response presented
in existing studies and categorized them largely into environment, inputs and process based on
system theory. This model was presented because disasters act as a single system that includes the
aforementioned factors, regardless of their type (natural or social disaster) [54,72-74]. The strength of
the influencing factors may vary depending on the type of disaster but because they were described and
analyzed by the factors that are presented below, analyzing or describing social and natural disasters
using different frameworks is unnecessary [57]. Based on the categorization of the influencing factors
shown in the figure below, the study aimed to conduct future meta-analyses to explore detailed factors
and identify the relationships between these factors.

— Envi / Context
Process

- Outputs/Outcomes

R —

Inputs

+Financial resources
*Human resources
*Physical resources
Information
+Education and training

«Effective disaster

>

response

Figure 2. Categorization of the factors influencing disaster response.

3.2. Scope and Method of Analysis

For inductive exploration of the factors influencing infectious disease response, meta-analyses
were performed based on the aforementioned factor categorization framework and in-depth interviews
were conducted for testing and supplementation.

The present study used previous studies on disaster response to compile a list of the factors
influencing disaster response and presented a theoretical framework. Moreover, the factors influencing
disaster response were explored through case review, while qualitative meta-analysis was performed
to identify the correlations between the factors. Qualitative meta-analysis was conducted to
allow a comprehensive analysis of qualitative studies [60]. This method of analysis is different
from meta-analysis which integrates results from existing empirical studies using a quantitative
method [75,76]. The approach in qualitative meta-analysis involves interpretive analysis, which strives
to include major concepts that appeared in individual qualitative studies but at the same time,
generate a higher-level concept that can connect these concepts to a higher dimensional theoretical
structure to allow for comprehensive understanding of the phenomenon and possibility of new
interpretation and theoretical creation [77].

Therefore, the major goal of qualitative meta-analysis is to contribute to knowledge. From this
perspective, Schreier et al. [78] listed theory building, theory explication and theory development as
the three overlapping goals of qualitative meta-analysis. In the present study, the factors influencing
disaster response were reviewed from existing studies in the theory building process and organized
from a system theory level. Subsequently, meta-analysis was performed to explore factors through
Korean studies and articles and interviews. The protocol was constructed through data collection and
analysis and effort was made to ensure reliability and validity of the study [79].

Using this approach, the study was conducted systematically, from the data collection stage
to the final analysis. After comprehensively collecting data, including domestic research articles,
media reports and audit reports from the Board of Audit and Inspection (BAI) of Korea related to SARS
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and MERS cases, data to be analyzed were selected on the basis of the inclusion and exclusion criteria.
The data collection method will be discussed in more detail in the data collection section.

The collected data were codified and categorized on the basis of the meta-analysis framework
consisting of the factors influencing disaster response extracted from existing studies and theories.
As shown in Figure 3, for the influencing factors identified from the data, the factor and source
were recorded, and evidence of the correlation was identified. The evidence included statistical
data, media reports, interviews with experts and claims made by authors. With this coding process,
consistency of the results when the same analysis is performed by different researchers can be
maintained and this can be used to ensure reliability.
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Data for meta-analysis were collected from various sources, including listed academic journals,
articles from daily and weekly periodicals and audit reports from BAIL Duplicate items were eliminated
based on search results and data that met the objective of the present study were selected through
in-depth reviews and discussions with fellow researchers.

Academic articles were limited to those published in journals listed in the National Research
Foundation of Korea, while duplicate articles and articles with low correlation to the research question
were excluded. The period of data of academic articles was from 2003 (SARS outbreak) to 2017 (at the
time of the research). All searched articles were tallied and data were selected through validity testing
and unanimity with fellow researchers.

Media reports were collected from daily and weekly periodicals to provide information that was
not covered in academic articles. The search process used the Naver news site and the official home
pages of each newspaper. The search keywords were disaster case names: SARS, MERS and different
variations of these terms in Korean. Additionally, data that mentioned a disaster name along with the
term “response” were reviewed. To eliminate political bias, Chosun Ilbo, Donga Ilbo, Kyunghyang
Shinmun and Hankyoreh were selected from daily periodicals, while Weekly Chosun, Weekly Donga,
Weekly Kyunghyang and Hankyoreh 21 were selected from weekly periodicals. The period included in
data collection was set to one year to include the infection outbreak and response period between January
and December 2003 for SARS and between January and December 2015 for MERS. Lastly, the homepage
of BAI was searched for BAI audit reports on SARS and MERS but since audit reports for SARS did not
exist only MERS cases were analyzed. Among the 59 cases that appeared as search results for MERS,
the results that were unrelated to the selected cases were excluded. As a result, a total of 38 cases of
audit reports for various organizations were selected for the analysis (Table 1).

Table 1. Analysis of targets.

Category SARS MERS

. . Total search results 110 cases 229 cases

Academic articles

Selected for analysis 0 cases 4 cases

. Total search results 120 cases 2416 cases

Media reports

Selected for analysis 5 cases 28 cases
BAI audit reports Total search results 0 cases 59 cases
Selected for analysis 0 cases 38 cases

4. Analysis of Results

The results of factors coded and explored based on aforementioned media reports, BAI audit
reports, academic articles and in-depth interviews are provided here. To effectively demonstrate the
results of exploring the factors influencing disaster response, analysis was performed by identifying
how each factor, as an independent factor, influenced other factors; and by gathering evidence of the
relationship between time, cause and outcomes.

The present study underwent the process of identifying and testing correlations through
a meta-analysis of the factors influencing infectious disease response. The analysis results on
the factors influencing infectious disease response were as follows.

Legislation, sociocultural factors and disaster characteristics were identified as the environmental
factors influencing disaster response. With respect to SARS, although there was no legislative system
for disaster response and management, some respiratory transmission diseases, including SARS,
were temporarily designated as “infectious diseases subject to quarantine and surveillance” for
onsite response. Enactment and amendment of laws have procedural and time requirements and
thus quarantine or isolation was made possible by presenting them as subjects of quarantine and
surveillance following the decree of the Minister of Health and Welfare, which actually had a positive
influence on onsite response. Moreover, while legislation for MERS was in place, it was incomplete
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and not detailed enough. This caused confusion in the response process because of the possibility of
arbitrary decisions and because it contained inaccurate information about infectious diseases, it had
a negative influence on onsite response. Consequently, MERS spread to other patients, leading to
a failed initial response. Moreover, unlike the SARS outbreak, when international public health
crisis was declared, there was no announcement of an international public health crisis with MERS,
which caused a lack of awareness on the importance of prevention and response.

Financial resources, human resources, physical resources, information and education and training
were identified as the input factors influencing disaster response. Human resources also acted
as a mediating factor in the relationship between legislation and the effectiveness of response to
infectious diseases. In the processes of responding to SARS and MERS, problems related to human
resources, especially epidemiologists, were identified. This was also very apparent in the correlations.
Although epidemiological investigation in infectious disease response is very important for preventing
the spread of infectious diseases and for timely response, an insufficient number of epidemiologists
made it impossible to keep up with the rate at which the disease was spreading and since public health
physicians were mostly responsible for epidemiological investigation, a lack of specialization was
also a serious problem. Moreover, budget, the proportion of public healthcare and infection control
infrastructure, such as negative-pressure units, were also found to be insufficient during both SARS and
MERS outbreaks. One of the factors that was identified as being important in the correlation analysis
was education and training. Since everyone may experience an actual disaster, simulated training
according to given scenarios and education for response personnel are very important.

Leadership, intergovernmental relationships, information sharing and onsite response were
identified as the process factors influencing response to infectious disease outbreak, while information
sharing was found to influence stakeholder satisfaction. With respect to leadership, as mentioned
earlier, the role of the prime minister and the president was an important factor in the implementation
of timely and effective disaster response. During the SARS outbreak, Prime Minister Kun Goh was
at the forefront, urging the public and departments to cooperate. On the other hand, during the
process of responding to MERS, the control tower changed at least twice and the president made it
clear through the spokesperson that the Blue House was not the control tower. During this process,
the intergovernmental relationship was not smooth either. Moreover, poor information sharing
and communication between departments and between the central and local government caused
confusion and increased the level of distrust among the general public. Among the process factors,
intergovernmental relationships, information sharing and onsite response were independent variables
that influenced the outcome and acted as mediating factors between legislation and outcome.

Lastly, although not presented in existing analytical frameworks, the factors identified through
meta-analysis and interviews were interest and cooperation from the private sector (volunteerism).
With respect to interest, an analysis of SARS cases showed that the interest of local citizens,
meaning regional self-centeredness, caused the designation of SARS quarantine hospitals to be
nullified, acting as a factor that interfered with infectious disease response. These factors were
confirmed in the interview results. The interest of the agency in charge of the control tower emerged as
a factor that interfered with the infectious disease response, albeit at a different level than the interest
of local citizens. The agency in charge of determining the disclosure of information was the MOHW
and because the same agency was responsible for both promoting actual related projects and managing
disaster, conflict of interest did not allow immediate response measures to be implemented.

Cooperation from the private sector (volunteerism) was a factor that did not appear in the
meta-analysis but was identified in interviews with workers. Its correlations were not analyzed in the
meta-analysis data of the present study and existing studies did not discuss the role of volunteers in
infectious disease response either. However, resource support for self-quarantine patients in actual
infectious disease response was lacking but active participation by volunteers played a major role in
helping to slow the spread of MERS and to successfully implement self-quarantine.
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Moreover, the hidden context of correlations identified through interviews, which was not
identified in existing articles, was education and training. Education and training was analyzed as
a factor influencing infectious disease response, while the interview results revealed that education and
training not only had a direct influence on response but also had an impact on the relationship between
the people in charge of disaster response. Timely response was made possible by relationships built
between people in charge of disaster response through continued training, which may be attributed to
the uniqueness of Korean culture.

As shown earlier, the factors influencing infectious disease response in Korea were very diverse
and they became more refined and detailed when compared to categorization of factors presented
in the introduction of this paper. These were factors identified through meta-analyses and in-depth
interviews and should be considered in the improvement of the infectious disease response system in
Korea. A comprehensive model that summarizes the aforementioned exploration of the influencing
factors is shown in Figure 4.
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Figure 4. Model of factors influencing infectious disease response in Korea.

5. Conclusions

The present study conducted meta-analyses to comprehensively analyze the correlations of
factors influencing disaster response from a Korean context. For inductive exploration of the factors
influencing infectious disease response in Korea, the present study collected and selected reliable
data from academic research on infectious disease response conducted in Korea, newspaper articles
and audit reports from BAI The reason for limiting the studies to those conducted within Korea was
based on the determination that it was necessary to review how well domestic studies and articles
explained domestic cases. The objective was to use the findings to point out the limitations of infectious
disease-related studies in Korea and to present factors influencing infectious disease response within
a Korean context.

The analysis results confirmed that, overall, the studies Korea focused on factors from the process
aspect when analyzing the factors influencing infectious disease response. A summary of other major
findings are as follows:

First, among environmental factors, the legislative factor had direct and indirect influence on the
overall process of infectious disease response. Other environmental factors were regarded as factors
influencing disaster response based on their correlations but the legislative factor was considered
especially important. Disaster-related legislation enacted in various forms including basic laws,
manuals and code of conduct should be systematic and exhibit high integrity to allow timely and
accurate response in crisis situations. However, owing to insufficiencies in many aspects, it had
a negative influence throughout the entire response process.
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The legislative factor indirectly influenced disaster response, making it an important factor that
influences the overall disaster response process. In other words, human resource was identified as the
mediating factor in the relationship between the legislative factor, human resources and onsite response.
On the other hand, intergovernmental relationships, information sharing and onsite response were
identified as the mediating factors in the relationships between the legislative factor, intergovernmental
relationships and the effectiveness of disaster response; the relationship between the legislative factor,
information sharing and the effectiveness of disaster response and the relationship between the
legislative factor, onsite response and the effectiveness of disaster response, respectively. Along with
the determination of mediating factors, the study also found that the establishment of legislation had
an overall impact on infectious disease response.

Second, the results showed that most input factors, including physical resources, human resources
and information were insufficient. Within a Korean context, it is believed that this problem stemmed
from the lack of a disaster response system or many studies related to disaster response, as indicated
by the fact that basic laws about disaster management were implemented in Korea from 2004.
Considering that the systematization of disaster response following the passing of basic related laws
was relatively recent, more detailed issues, such as securement of resources, did not draw attention
until a disaster actually occurred, leading to gradual improvement. Therefore, factors related to these
resources showed insufficiencies no matter which case was reviewed. However, considering the
differences in the timeframes of the cases raises concern on whether the experience gained from the
disaster response system is actually being used as an asset to improve the disaster response system
in Korea.

Third, major findings regarding process factors were as follows. Leadership of the central
government, establishment of an intergovernmental response system, the need for communication,
information sharing and disclosure and onsite response were identified as key factors influencing
effective infectious disease response. Existing studies have found that information sharing occurred
top-down, from the central government to local government [80]. Even so, information sharing was
correlated with process factors. Nondisclosure of hospital names by the government had an impact on
the spread of infectious diseases and on failed initial response. Further, the general public voluntarily
shared information and made the effort to share accurate information, such as creating a MERS map
and sharing information on websites. In addition, the interests of local citizens and departments also
acted as a factor that interfered with effective infectious disease response.

By analyzing the factors influencing infectious disease response within a Korean context, the present
study presents the following theoretical and policy implications. Theoretically, the study established
a model of factors influencing infectious disease response by performing inductive exploration on
the factors influencing infectious disease response in Korea, which was utilized for comprehensive
analysis. Policy-wise, the study aimed to emphasize the need for improvement of infectious disease
response-related legislation, strengthening the authority of KCDC, which currently serves as the
control tower, qualitative and quantitative supplementation of disaster response-related human
resources, legal grounds for the authority of response personnel and preparation of protective measures.
Lastly, since the importance of information collection and sharing and cooperation between agencies
was demonstrated, it is necessary to establish a system for information sharing and disclosure, as well
as a cooperation system involving the central government, the local government, health centers and
medical institutions.
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Abstract: Food safety and unhealthy dietary pattern are important global health problems.
Understanding food-related health needs and providing corresponding support are important
to health risk reduction. A needs assessment, education intervention for food labelling, and another
intervention for salt-intake reduction were conducted in a rural Kunge community in Yunnan,
China in 2014, 2015 and 2016, respectively. Not checking the expiry date of packaged food (37.1%)
and a high salt diet (53.9%) were the most common problems in the community. Both topics were
selected for education intervention. Pre- and post-intervention questionnaires were used to evaluate
the effectiveness. Education interventions were found effective in improving food-health-related
knowledge, changing attitudes toward behaviors such as willingness to read food labels before buying
and consuming packaged food. However, no significant improvements were found for the attitudes
toward not consuming expired food, controlling salt-intake, and decreasing the consumption of cured
food. Health education was shown to be effective in promoting food-health-related knowledge but
was limited in changing relevant behaviors in a rural ethnic minority community.

Keywords: food-related health; risk reduction; rural; ethnic minority; food label; salt; food safety;
education intervention; Health-EDRM

1. Introduction

Globally, food safety and unhealthy dietary have always been major health concerns for societies.
According to World Health Organization (WHO) [1], food safety is the “assurance that food will not
cause harm to the consumer when it is prepared and/or eaten according to its intended use”. It has
been a persistent problem in China and has caused different foodborne illnesses and food poisoning
incidents over-time [2]. In addition, inappropriate dietary behavior is also prevalent in China, leading to
significant rates of non-communicable diseases. For example, high salt consumption is associated with
hypertension, cardiovascular disease and strokes [3]. This study focuses on two food-related health
topics: food labelling and salt consumption in rural China population with education intervention.
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IJERPH 2019, 16, 1478

Food safety issues are often multifaced. For example, suboptimal food safety system (for example
regulation violations during transportation or storage) could lead to large scale food-borne disease
outbreaks in a community. On the individual level, insufficient food safety knowledge could lead to
incorrect food-process or consumption and to food-borne illness eventually [4,5]. Relevant food-related
knowledge, awareness, and practices vary from place to place and were shown to be different between
urban and rural [6]. A study from Nigeria [6] found that the practices of checking food labels and
expiry date were significantly different between rural and urban population. More rural respondents
thought that checking food labels and expiry dates did not have a significant impact on health than
urban respondents. The lower awareness of food safety among rural population might contribute to
their vulnerability, especially among ethnic minorities. In China, selling expired and rotten food has
been reported to be prevalent in rural villages [7-9]. In the Food Safety Situation Investigation Report
of China 2008 [10], expired food, no food labelling and hygiene of packaged food were the top food
safety concerns listed by the rural villagers.

In terms of unhealthy food consumption, high salt intake has been recognized as a critical problem
due to its association with hypertension [3]. Hypertension is a major public health problem and
the leading disease among populations aged 40 or above in China [11-13]. According to the China
Statistical Yearbooks Database data [14], the 2013 prevalence of hypertension in China’s rural regions
was 12.31%, which was about three-fold greater than the prevalence data previously collected in 2008
(3.85%). Furthermore, it was found that Yunnan was one of the regions with the highest prevalence
of hypertension in China [15]. Hence, salt intake reduction is considered as one of the preventive
measures against the increase in non-communicable diseases in China [16]. Moreover, a study [17] that
investigated the salt consumption habits among 21 countries found China has the highest rate of salt
consumption; 80 percent of the population in China had a mean sodium intake higher than 5 g/day
(the recommended maximum salt intake for adults by the WHO [3]). In particular, hypertension
prevalence in rural regions was found higher than those in urban regions [18,19]. This might be
due to the suboptimal medication [20] and inadequate knowledge [21] in rural regions. Therefore,
salt intake-related health issues need to be emphasized, especially health interventions to reduce salt
consumption and the risk of hypertension. During disasters, a high proportion of chronic diseases such
as hypertension would further increase the health vulnerability of the community [22]. Furthermore,
food safety would be an important health determinant for resilience. Therefore, ensuring food safety
and enhancing dietary knowledge and practices are non-negligible for health-related emergency and
disaster risk management (Health-EDRM) in the household level [23].

To tackle health risk-associated food safety and high salt intake problems among China’s
rural villagers, understanding villagers” practices and promoting relevant knowledge are essential.
The authors and the team have developed a 1.5-year project to: 1) understand the current practices
regarding food safety and salt intake of China rural villagers, 2) to promote food safety and salt intake
knowledge through delivering education interventions to China rural villagers and 3) to evaluate the
effectiveness of the education interventions. The target population of this project was a subgroup of an
ethnic minority group in rural Yunnan, China—the Kunge. Yunnan is an earthquake-prone province in
China. Keeping reserves of packaged food is a common practice in disaster-prone communities [24,25].
This project not only aimed to enhance the food-related health status of the community, but also to
increase their capacity for Health-EDRM in rural community. This case study presents the background,
methods, and findings of the project.

Project Background and Study Context: Kunge People in Xishuangbanna Dai Autonomous Prefecture
in Yunnan

In 2009 the Ethnic Minority Health Project (EMHP) was established in China by the authors and the
team, with a core mission to develop and evaluate effective interventions of bottom-up Health-EDRM
for vulnerable populations in remote areas of the country. One of the 14 project sites, Xishuangbanna
Dai Autonomous Prefecture in Yunnan, was chosen to be one of the study areas on the basis of studying
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the risk of disaster and health situation which affected the ethnic minority group. The Yunnan ethnic
minority health project was initiated in 2014.

The Kunge people reside in Kunge Mountain, Mengyang township, Jinghong city, Xishuangbanna
Dai Autonomous Prefecture in Yunnan. It is one of the Xishuangbanna’s ethnic groups,
officially classified as a branch of the Bulang ethnic group by the People’s Republic of China (PRC),
and accounts for no more than 2500 residents in China [26]. There are total six Kunge groups in a
Mengyang township with a total population of around 1600 [27]. To the authors’ knowledge, there were
only a few articles exploring the Kunge population and those all were related to the language [26,27].
Bulang people have their own dialogue and religious beliefs. Males and females made up a similar
proportion of the village population. Most of the population were farmers, mainly growing rice,
sweet corns, tea, and rubber. The average annual household income was approximately RMB
3000-4000 (approximately USD 1.34-1.79 per day, which is lower than the official poverty line of
USD 1.90 per day, defined by the World Bank 2015 [28]). Their income mainly comes from exporting
agricultural products to other areas in the region. The villagers generally had a regular pattern of
life and spent most of their daytime working on farms. In the estimation from our team field visit,
there were 140 households with 608 residents living in ManBangTang Village in 2016.

A total of three visits were made in 2014, 2015 and 2016, respectively. A needs assessment was
performed in 2014. Although agricultural activity provides the main food source for the Kunge people,
as per our interviews in the 2014 visit, all villagers reported the practice of purchasing packaged
food, supplied from the local food companies and markets in Mengyang township. Besides packaged
food, consumption of salt-cured food, pickled vegetables, and salted meat were also reported.
During the needs assessments in ManBangTang, villagers were found to use a generous amount of salt
during cooking.

Based on the findings in the literature review and needs assessment conducted in November 2014,
two interventions, targeting food labelling in January 2015 and salt-intake reduction in March 2016,
were conducted in the same population.

2. Methodology

This was an 18 months serial cross-sectional survey-based study. A total of three research visits
were done throughout the project period from November 2014-March 2016.

2.1. Sampling and Study Subject

Representatives of village households (age 18 years or older) were invited for the needs assessment
(2014) and the interventions (2015 and 2016). Only one participant was invited from each household.
Due to the lack of community information such as household maps, convenience sampling was used
for recruiting respondents for the needs assessment and interventions in the village. Recruitment was
promoted through household visits, broadcasting promotion messages by the village head, delivering
leaflets, and poster distribution. There were 140 registered households with 608 residents in the
ManBangTang village during the study period. There were 52 respondents (37.41% of all households)
in the needs assessment (2014); 40 (25.15% of all households) participated in the first intervention in
2015 and 45 (28.13% of all households) participated in the second intervention in 2016.

2.2. Evaluation Tool and Data Collection

The 2014 health needs assessment tool was a questionnaire combining eight health topics
(including chronic disease management, food and cooking safety (including food labelling and salt
intake), personal hygiene, water supply and quality, waste management, disaster risk reduction,
first-aid training, and local climate change), sociodemographic details and environmental assessments
were surveyed to collect the perception and practices of the villagers. The needs assessment were
developed based on the guidance report from the WHO for building a healthy village [29].
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For the food labelling (2015) and salt-intake reduction intervention (2016), pre- and
post-intervention questionnaires assessing knowledge, attitude, and practices (intention to practice)
(KAP) of the relevant topics and sociodemographic information were used for intervention evaluations.
The needs assessment results were intended to also be used to design intervention. Thus the
questionnaires also included the messages delivered in the interventions (knowledge, attitude and
practice (KAP)). Interventions content were adopted from relevant sources: for the salt intake standard,
it was adopted from the Chinese Nutritional Society [30]; the food label standard was referenced to
the Standard for the Labeling of Prepackaged Food of the China Food and Drug Administration [31].

Table 1 shows the food-related health questions in this study.

Table 1. Questions used in assessing food labelling and salt consumption awareness, attitude and
behaviour in the visits (2014, 2015 & 2016).

2014 Visit: Needs Assessment

2015 Visit: Food Labelling

2016 Visit: Salt Consumption

Food labelling related information

Pre- & post- intervention question

Pre- & post- intervention question

Have you ever brought package
food before? (exclude rice, oil, and
salt) (Answer: Yes/ No)

Do you agree: “I understand that
consuming expired food will affect
my health.”? (Answer: Yes/ No)

Do you think you consume
enough salt per day? (Answers:
Not enough, enough, more than
enough)

What kinds of packaged food you
usually buy? (Answers: multiple
choice with various food type)

Do you agree “I can distinguish
whether the food is expired or
not.”? (Answer: Yes/ No)

Do you think high salt
consumption will cause
hypertension? (Answer: Yes/ No)

How often do you read the food
label on packaged food before
consuming it? (Answer: Always,
sometimes and never)

Is the following packaged food
expired? (3 Yes/No questions with
their local food package images)

Do you think cure food is high in
salt? (Answer: Yes/ No)

Why don’t you check food labels
on packaged foods? (Answer:
Multiple choices)

Do you agree “I will check the
food label before purchasing the
packaged food.”? (Answer: Yes/
No)

Do you think hypertension causes
cardiovascular disease? (Answer:
Yes/ No)

What information on the food
label will you usually pay
attention to? (Answer: Multiple
choices)

Will you check the food label
before consuming the packaged
food? (Answer: Yes/ No)

Do you think hypertension causes
stroke? (Answer: Yes/ No)

Have you ever encountered any
food label that you didn’t
understand? (Answer: Yes/ No)

Do you agree “I will not purchase
and consume any expired
packaged food.”? (Answer: Yes/
No)

Do you know the recommended
daily salt consumption level for
adults? (Answer: Yes/ No with an
open answer on the salt amount)

If you encounter a food label that
you don’t understand, what will
you do? (Answer: Multiple
choices)

I will remind my family and
friends to check the food labels
and pay attention to expired food.
(Answer: Yes/ No)

Do you know the function of a salt
restriction spoon? (Answer: Yes/
No)

Salt-consumption related question

Post-intervention only question

Do you know the function of a salt
restriction bottle? (Answer: Yes/
No)

Please estimate your daily salt
consumption. (3 answers: less
than, approximately and more
than 1 teaspoon)

Do you agree “I am confident to
build a habit of checking the food
labels on packaged food.”?
(Answer: Yes/ No)

Can you control your daily salt
consumption at less than 6 g in the
next month? (Answer: Yes/ No)
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Table 1. Cont.

2014 Visit: Needs Assessment 2015 Visit: Food Labelling 2016 Visit: Salt Consumption
Food safety related questions

Have you experienced any food Can you consume less cure food in
safety problem before? (Answer: the next month? (Answer: Yes/
Yes/ No) No)

Have you got sick or suffered from
food poisoning after experiencing
the above food safety problem?
(Answer: Checklist)

Which factor will you consider to
determine whether the food has
gone bad or not? (Answer:
Multiple choices)

Translators were recruited to facilitate communication with the study respondents who could not
speak Mandarin (6.25% out of the attendees in the second visit). Verbal consent was obtained from all
study respondents prior to administering the questionnaire. All questionnaires were administered
face-to-face by field researchers and local translators.

2.3. Statistical Analysis

The data were double entered by trained research staff. Descriptive analysis of sociodemographic
information of study subjects was generated and compared to the 2010 Yunnan population census.
Chi-squared test was used to compare results from pre- and post-intervention questionnaires for
the effectiveness of health interventions. The significant level of this study was set at p < 0.05.
All statistical analyses were conducted using SPSS version 21.0 (IBM Corp., Armonk, NY, United States).
Ethics approval was obtained from the Joint Chinese University of Hong Kong- New Territories East
Cluster Clinical Research Ethics Committee.

3. Results

Results are presented in three sections. The first section describes the sociodemographic
characteristics of the respondents. The second part presents the results of 2014 needs assessment which
included perception and practice of food labelling, general salt intake, and other food safety issues
were described. The third section examines the effectiveness of the education intervention in 2015 and
2016 which targeted food labelling and salt reduction respectively.

3.1. Sociodemographic Characteristics of the Sample among the Three Visits

A total of 52 (37.41%), 26 (18.57%) and 34 (24.29%) households were recruited in the 2014
needs assessment, 2015 food labelling intervention and the 2016 salt-intake reduction intervention,
respectively (Table 2). The sample in 2015 was younger than the population recruited in 2014 and
2016 (p < 0.05), while the proportion of respondents with lower education level was higher in the 2014
sample. The ethnic minority samples were not comparable to the general Yunnan population (p < 0.05).
The study sample had a high proportion of female and people with lower education level.
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Table 2. Sociodemographic characteristics of the households participating in the 2014 to 2016 field
visits in ManBangTang Village, Yunnan, China.

ManBangTang Village Yunnan ?
2014 2015 2016 2010
N 52 26 34 NA
Age* 30.0 (24.25-40.0)  20.0 (18.0-37.25)  35.0 (24.0-48.0) NA
Female 20 (38.5%) 13 (43.3%) 11 (34.4%) 48.11%
Male-to-female ratio 1:0.63 1:0.76 1:0.52 1:0.9273
Education level *
Tlliterate/Non-formal o o o o
Education 7 (13.7%) 3 (11.5%) 9 (26.5%) 14.97%
Primary school 30 (58.8%) 6 (23.1%) 10 (29.4%) 43.39%
Junior secondary 13 (25.5%) 17 (57.7%) 14 (41.2%) 27.48%
Senior secondary 1(2.0%) 2 (7.7%) 1(2.9%) 8.38%
Tertiary 0 (0.0%) 0 (0.0%) 0 (0.0%) 5.78%

2 Sources: the Sixth National Population Census report in 2010 [32]; * p < 0.05.

3.2. General Food-Health-Related Practices and Experiences

3.2.1. Food Labelling

Among the 52 respondents, 36 of them (69.23%) reported the practice of buying packaged food.
Snacks (52.8%, 19/36) and meat (33.3%, 12/36) were the most commonly brought packaged foods.
As for the practice of reading the food labels before consuming packaged food, 60.0% (21/35) reported
that they would read the food label. Among this group, 37.1% (13/21) claimed they always read
the labels. The expiry date was the type of information on food labels that most respondents paid
attention to; 95.2% among those that would read food labels would pay attention to expiration dates.
Among those who did not practice reading food labels (14/35), about half of them (6/14) stated that
they did not understand the label. Among respondents who practiced reading food labels on packaged
food (n = 21), half of them (11/21) reported seeing confusing food labels before. About half (10/21)
would ignore the label if they could not understand it.

3.2.2. Salt Consumption

Out of 52 respondents, 39 had reported their daily salt consumption. Among these, 56.8% (21/39)
claimed they consumed one teaspoon or more of salt per day, only 27.0% (10/.39) claimed they consumed
less than one teaspoon of salt per day.

3.2.3. Food Safety Problems

Out of the 52 respondents, 42 answered the question “had you encountered any food safety
problem before” (Table 3). Among them, 23.8% (10/42) had encountered food safety problems before.
Among those had encountered food safety problems, 40% were related to expired food (4/10) while
50% were associated with food quality problems (5/10). Thirty percent (3/10) had reported feeling sick
or suffering from food poisoning as a result of the food quality problem.
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Table 3. Needs assessment results related to food labelling, salt consumption, and food safety problems.

Questions (N) Items/Choices N (%)

Food Labelling ?

Type of food packages they bought (1 = 36)
Fish 2 (5.6%)
Meat 12 (33.3%)
Fruit 6 (16.7%)
Cereal 5 (13.9%)
Milk/Product 3(8.3%)
Egg 2 (5.6%)
Snacks 19 (52.8%)
Others 4 (11.1%)

Check the food label before consuming the packaged food (1 = 35)
Always 13 (37.14%)
Sometimes 8 (22.86%)
Never 14 (40 %)

Reasons for not checking the food labels on the packaged food (1 = 14)
Do not know there is a food label on the

packaged food 1(7.1%)
Do not understand 6 (42.9%)
Never thought about this before 2 (14.3%)
Don’t know 1(7.1%)
Rejected Answer 4 (28.6%)
Types of food labels subject pay attention to (n = 21)
Nutrition ** 4 (19.0%)
Expiration date 20 (95.2%)
Way of Storage 2 (9.5%)
Manufacture location 3 (14.3%)
Had you met the confusing food labels (1 = 21)
Always 4 (19.0%)
Sometimes 7 (33.3%)
Never 5 (23.8%)
Don’t Know 3 (14.3%)
Refuse to answer 2 (9.5%)
What will you do if you meet any un-understandable food label (1 = 21)
Ignorance 10 (47.6%)
Ask others for information 2 (9.52%)
Not to purchase/eat 6 (28.57%)
Don’t know 2 (9.52%)
Refuse to answer 1 (4.76%)
Salt consumption
Daily Salt intake(n = 39)
1 teaspoon or above 21 (53.85%)
Less than 1 teaspoon 10 (25.64%)
Cannot estimate the salt intake 8 (20.51%)
Food safety related problem
Encountered any Food safety problem (1 = 52)
Yes, usually 2 (4.76%)
Yes, but not often 8 (19.05%)
Never 32 (76.19%)
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Table 3. Cont.

Questions (N) Items/Choices N (%)

Encountered what kinds of food safety problem (1 = 10) ©
Food expired 4 (40%)
Counterfeit food 1 (10%)
Food spoilage 5 (50%)
Usage of illegal additive 1 (10%)
Would you get any food poisoning due to food 3(30.0%)
safety problem

Factors to define whether the food is gone bad or not (n = 44)
Taste 8 (16.3%)
Smell 6 (12.2%)
Appearance 21 (42.9%)
Feeling 6 (12.2%)
Date/Food Label 3(6.1%)

** One respondent specifically mentioned protein and fat; * Respondents were also asked if they had bought Cereal
and Beans, but none replied they had; ® No respondent replied “No label on the packaged food” and “not important”
as the reason for not checking the food label; © No respondents report they had encountered “wrong/misleading
instruction” as a food safety problem.

The most common methods used by the respondents to determine whether the food had gone bad
or not were checking the appearance (42.9%, 21/44), followed by tasting (16.3%, 8/44), smelling (12.2%,
6/44), personal feeling (12.2%, 6/44) and reading the food label (6.1%, 3/44).

3.2.4. Associating Factors of the Food-Health-Related Practices (Food Labelling and
Salt-Intake Reduction)

The association between sociodemographic characteristics and the practice of reading food labels
and salt consumption were explored using the needs assessment data (2014). The chi-squared test
showed that higher education level was associated with more frequent use of reading food label
(p = 0.046), where 80% of those with secondary education; 59.1% of those with primary education
and 0.0% of those receiving no formal education would always or sometimes read the label. Age and
gender were not shown to be associated with the practices of reading food labelling or salt consumption
related behavior.

3.3. Evaluation of Health Education Intervention Effectiveness

There were 26 (81.25%) valid pre-and post-intervention questionnaires in the 2015 health
intervention on food labeling topic and 40% (N = 18) valid pre- and post-intervention questionnaires
in the 2016 health intervention on the salt-intake reduction topic. The dropout rate was due
to the open-to-public format of the interventions. Some respondents left before completing the
post-questionnaire or arrived after the intervention had started. Only those who had completed a pre-
and a post-questionnaire were considered attending the whole intervention. This group of respondents
could reflect the interventions’ effect better and therefore were considered in the evaluations. The pre-
and post-questionnaires were compared using pairwise McNemar's test to evaluate the changes
in knowledge, awareness, and behaviors on both topics after the intervention. Table 4 shows the
evaluation results of both interventions.
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Table 4. Key findings on the effectiveness of pre-and post-intervention in the 2015 Food Labelling.

2015 Health Intervention on Food Labelling (N = 26)
Pre- (%) Post- (%) p value

Food Labelling awareness and knowledge

Understand that eating expired package food will affect health 73.1% 100.0% 0.004 *
Able to distinguish if the food is expired 46.2% 88.5% <0.001 *
Question sample 1 (Able to distinguish if the food is expired) 36.0% 72.0% 0.012*
Question sample 2 (Able to distinguish if the food is expired) 44.0 % 48.0% 0.780
Question sample 3 (Able to distinguish if the food is expired) 24.0% 54.0% 0.023 *
Food Labelling behavior
Will not eat or buy any expired food 69.1% 76.9% 0.532
Check the expiry date every time before buying 34.6% 80.8% 0.001*
Check the expiry date every time before consuming 30.8% 76.9% 0.001 *

Remind my family and friends keep checking the expiry date 69.2% 92.35 <0.035 *
Confident enough to cultivate the habits of reading food labels - 100% -

*p <0.05.

3.3.1. 2015 Health Intervention on Food Labelling

In the 2015 health intervention, 26 valid sets of pre- and post- questionnaires were analyzed.
Ten questions, including the food labelling awareness, knowledge, and behaviors, were asked (Table 4).
Significant improvements in knowledge and awareness towards food labelling were observed after the
intervention (four out of five questions). After the intervention, more respondents understood expired
food could affect health (from 73.1 % to 100%, p < 0.001, McNemar’s test). Three food label samples
were presented to test if the respondents were able to tell whether the food was expired based on the
information on the food label. Significant improvements were found in two out of the three questions
after the interventions (Table 4). Changes in attitude towards reading food labelling were also observed
after health intervention (two out of four questions). The number of respondents who indicated that
they would check the expiry date before buying and consuming packaged food increased from 34.6%
to 80.8% (p = 0.002, McNemar'’s test) and 30.8% to 76.9% (p = 0.002, McNemar's test), respectively.

3.3.2. 2016 Health Intervention on Salt-Intake Reduction

In the 2016 visit, 18 sets of valid pre- and post-questionnaires were collected (Table 5).
Significant improvement was found in three out of six awareness and knowledge questions after the
intervention. The proportion of respondents who knew high salt intake would cause hypertension
increased from 50% to 88.9% (p = 0.039, Chi-square test). More respondents (from 44.4% to 88.9%) were
aware that hypertension might cause heart disease (p = 0.012, Chi-square test). Although only half of
the respondents could tell the correct suggested amount of daily salt consumption after the intervention,
the improvement was statistically significant (from 11.1% to 50%, p = 0.039, Chi-square test).

After the intervention, the proportion of respondents who understand the function of the
salt-reduction spoons and bottles increased from 11.1 % to 83.3% (p < 0.001, Chi-square test) and
11.1% to 72.2% (p = 0.001, Chi-square test), respectively. No significant changes were found for the
attitude towards cutting down the daily salt-intake to the suggested standard or decreasing cured food
consumption were observed.
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Table 5. Key findings on the effectiveness of pre-and post-intervention in 2016 Salt Reduction.

2016 Health Intervention on Salt Reduction (N = 18)
Pre- (%) Post- (%) p value

Salt reduction awareness and knowledge

Consume enough salt on a daily basis 61.1% 55.5% 1.000

High salt diet cause hypertension 50% 88.9% 0.039 *
Cured food contains high salt amount 61.1% 72.2% 0.375

Chronic hypertension cause heart disease 44.4% 88.9% 0.012*
Chronic hypertension cause stroke 38.9% 72.2% 0.065

Understand the suggested amount of daily salt consumption 11.1% 50% 0.039 *

Salt reduction behavior
Understand the function of salt-restriction spoon 11.1% 83.3% <0.001 *

Understand the function of salt-restriction bottle 11.1% 72.2% 0.001 *
Control the consumption of salt below 6g daily in future month 66.7% 94.4% 0.063
Control the consumption of cured food in future month 72.2% 94.4% 0.125

*p <0.05.

4. Discussion

This study examined the behavioral patterns in the 2014 needs assessment (including reading
food labels and salt consumption), the effectiveness of health education interventions on food labeling
(in 2015) and salt-intake reduction (in 2016) among an ethnic minority-based community (the Kunge
population) in rural China. Results indicated about 60% of respondents who consumed packaged food
would read the food label and most of them read the food label for expiry date information. Those who
had a higher education level were more likely to read the food label. However, about half of them
had found food labels confusing to comprehend. About half of the respondents also reported a daily
salt intake level higher than the WHO’s recommended amount [3] and about 24% of respondents
reported experiencing some form of food safety problems. For both food labelling and salt-intake
interventions, significant improvements in knowledge, including the health effects of consuming
expired food, how to read the expiry date in a food label, the suggested amount of daily salt intake for
adults, the association among high salt intake, hypertension and heart diseases, and the function of the
salt-restriction-spoon and bottle, were observed after the interventions. In terms of attitude towards
behaviors, more respondents indicated that they would check the expiry date before buying and eating
packaged food and would control their salt consumption after the interventions, though the changes in
attitude for salt consumption control was not statistically significant.

Only 60% of the respondents who had bought packaged food would pay attention to the food label.
This figure was lower compared to another similar research from India. The study from Puducherry in
India [33] reported that 90% of the respondents would pay attention to the food labels on packaged
food. The relatively lower rate found in the Kunge respondents might be associated with the lack of
relevant health education and education level in the community. As mentioned in the introduction,
there are many incidents of problematic food products in rural areas [7-9]. This suggested that the
awareness of food safety was insufficient in these areas, which increases the vulnerability in this
population. Our needs assessment’s result found that respondents with a higher education level
had greater awareness of reading food labels. This supports the need, and potential value, to raise
the food-health-related awareness in the community. The evaluation results showed that education
interventions were effective in increasing awareness as well as their attitude towards the corresponding
behaviors. A larger scale of education programmes and evaluation of the long-term impact of such
programmes should be considered for the community.

High salt intake appeared to be common in the Kunge population in Yunnan. Nearly 60% of the
respondents consumed one teaspoon or more per day, which exceeded the suggested standard for
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adults by the WHO (under one teaspoon) [3]. The result was consistent with those found in studies
of other minority groups from rural China communities [16,17]. High salt intake was also found in
another ethnic minority, the Yi, in Yunnan [34]. About 80% of them preferred preserved food which
was suggested to be one of the underlying causes of a high prevalence of hypertension (37%) among
the Yi population. Hence, salt-intake reduction should be promoted in rural community in Yunnan,
in particular for ethnic minority communities, to reduce the risk of relevant health problems.

Among those who have encountered food safety problems (23.8%), food spoilage (50%) and
expired food (40%) were the top two food safety problems reported. This finding is different from that
of a study conducted in urbanized regions, Beijing and Nanjing, in China [35]. The greatest concerns
found in the urban study were about food hygiene and food poisoning while expiry date only ranked
the 4th among the food safety issues. The differences in food safety concerns between rural and urban
regions may be related to the food surveillance systems as spoilage food was more commonly found in
the food markets in rural areas due to the less efficient surveillance of food quality [7].

Significant improvement in knowledge and intention to practice the behavior were identified in
both the salt reduction and food labelling interventions. Despite the improvements in the understanding
of the effects of consuming expired food and the ability and willingness to read the food label,
the proportion of respondents that claimed they would not purchase or consume expired food (76.9%)
was still lower than that reported in another Chinese study conducted in 31 provinces (89.4%) [36].
This may be related to the economic status among the rural village. Our needs assessment in 2014
found that the study community was under the poverty line. For financial reasons, respondents might
still consume expired food even if they understood the potential adverse health effects. Improving
the quality of local food supply and encouraging the community to purchase packaged food when
needed (to avoid overstocking) might help to reduce the chances for the community to consume
expired food. More studies are warranted for drafting effective policies to tackle the problem. Similarly,
improvement in salt intake-related knowledge did not imply a change of behavior in salt-intake and
consumption of cured food. More research will be needed to understand the economic, cultural,
and behavioral challenges.

There were a few limitations in this study. First, only immediate effects of the interventions could
be measured due to the project nature. Evaluation of long-term effects should be considered whenever
possible to assess and achieve sustainability of the knowledge transferred. Second, this study did not
cover the entire food-related behavior topic. Among food safety and consumption pattern, only salt
consumption and food labelling of expiration date were investigated. There are other important
dietary behaviors such as sugar and oil consumption and food-safety related behavior like storage
or information seeking [5] to be explored in future studies. Third, the sample size for evaluating the
effectiveness of the intervention was small which may not represent the whole community, especially
for the salt-intake reduction. This limited the power of analysis and did not allow subgroup analysis
and special consideration should be paid when interpreting the results for scaling up of related
programs. Furthermore, there is also a lack of published or official documentation about this minority
group for data triangulation. Lastly, language barrier was another limitation. For that, translators
were invited to assist during data collection to minimize the barrier. Yet, despite of these limitations,
this article will provide information about food and diet, two important aspects of H-EDRM for this
special minority group in China.

5. Conclusions

This study identified the food-related Health-EDRM issues in a rural ethnic minority (Kunge)
village in Yunnan, China. Not checking expiry dates of packaged food and a high salt diet were the
most common problems in the Kunge community. Education interventions were found effective in
improving food-related health knowledge despite the small sample sizes. These included the adverse
health effects of consuming expired food, how to read the food label for expiry date information,
the association among high salt intake, hypertension and heart health, the suggested maximum amount
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of salt intake for adults, and the function of salt-restriction-spoon and bottle. These interventions were
also shown to be effective in changing attitudes toward some behaviors, such as willingness to read
the food labels before buying and consuming packaged food. However, no significant improvements
were found for the attitudes toward not consuming expired food, control salt-intake and decreased
consumption of cured food. This suggests that although health education was effective in raising
awareness and promoting health knowledge in a rural ethnic minority community, other elements,
including economic status, culture and local food policy, should be considered when promoting
changes of health behavior [37]. Special attention should be paid when interpreting the results for the
representativeness of the small sample size.
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Abstract: This study documents post-traumatic stress symptoms after the May 2016 wildfires in Fort
McMurray (Alberta, Canada). A sample of 379 evacuees completed an online questionnaire from July
to September 2016, and a subsample of 55 completed a psychiatric/psychological diagnostic interview.
According to a self-report questionnaire, 62.5% of respondents had a provisional post-traumatic stress
disorder (PTSD). The interview confirmed that 29.1% met criteria for PTSD, 25.5% for depression, and
43.6% for insomnia; in most cases, insomnia was definitely or probably related to the fires. Traumatic
exposure may elicit or exacerbate sleep problems, which are closely associated with PTSD after
a disaster.

Keywords: post-traumatic stress disorder; psychological distress; mental health; sleep

1. Introduction

Exposure to a natural disaster is a type of traumatic event that may lead to the development
of post-traumatic stress disorder (PTSD). The wildfires that began on 1 May 2016 in Fort McMurray
(Alberta, Canada) destroyed 1595 buildings, which contained 2600 housing units, and led to massive
displacement of approximately 88,000 people. The fire, which was officially put out in August 2017,
after 458 days, devastated a total of 5895 km?. Although it caused no direct human fatality, during the
evacuation, many individuals faced direct or potential threat to their life or health, or significant losses.
Damage was estimated at $3.58 billion, making it the most expensive natural disaster in Canadian
history. The inhabitants of the city were displaced at least one month. The city started rebuilding in June
2016, a process expected to take three to four years. Three months after the evacuation, families were
still living through ongoing adversity and uncertainty as they adapted to new or temporary homes,
schools and workplaces. Beyond the individual experience of the disaster, entire communities have
experienced it collectively, facing a variety of challenges at the social, community and economic levels
(e.g., housing issues, insurance claims, rebuilding). Both individual and collective stressors are known
to contribute to psychological adjustment after a disaster [1].

Specific data on the consequences of major forest fires are not only rare, but their generalizability
to other communities may be questioned. Data collected from victims of the 2003 California fires
have revealed that two-thirds of the respondents had feared for their lives or the life of a loved
one; three months later, a quarter met the criteria for PTSD, and a third met the criteria for major
depression [2]. Another study with victims of the Australian bushfires of 1983 demonstrated that health
conditions related to stress, including mental disorders, were much more common in this population
than conditions unrelated to stress [3]. Three to four years after the Victorian Black Saturday bushfires
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in Australia (2009), 16-22% of highly affected communities had PTSD and 13% had major depression [4].
To date, two published studies have reported significant issues related to the mental health impacts
of the Fort McMurray wildfires. One case-controlled study conducted 18 months after the wildfires
showed elevated prevalence of probable self-reported mental health diagnoses (depression, anxiety,
alcohol/substance use) in children [5]. The only study reporting mental health indicators in adults was
conducted 6 months after the wildfires and focused on self-reported anxiety and alcohol/substance use:
Almost 20% of the 486 surveyed participants had a probable diagnosis of generalized anxiety disorder,
14% had high risk of alcohol dependence, and 10% had high risk of drug dependence [6].

Most studies examining the mental health impacts of fires have focused on PTSD, depression,
anxiety and substance use [7-9]. However, sleep problems—mostly in the form of insomnia and
recurrent nightmares, but also sleep-related movement and breathing disorders—are closely associated
with both PTSD [10] and depression [11]. Of the 160 studies on the impacts of disasters reviewed by
Norris and collaborators (2002), only 10 measured sleep [12]. There is accumulating evidence that
persistent sleep problems constitute an important predictor of psychopathology after a traumatic
event [13]. Moreover, sleep disturbances appear to be among the most common reactions after a
traumatic event: Severe problems with sleep were the most frequently reported complaints two to
three weeks after the explosion of a fireworks storage facility in Enschede, The Netherlands, among a
vast array of physical and mental health concerns including problems with daily functioning, pain,
anxiety and depression [14].

Most people exposed to a disaster experience intense psychological reactions but will remit
after some time [15,16]; in parallel, continued stressors contribute to enduring psychological distress,
including PTSD [17,18]. Individual factors, such as appraisals of the event and coping strategies,
may also influence mental health after a disaster. Ehlers and Clark’s cognitive model suggests that
post-traumatic symptoms persist when individuals process information in a way that produces a sense
of imminent threat [19]. Two processes are thought to feed this perception of current threat: Recurrent
negative appraisals of the trauma and its consequences and the disturbance of autobiographical
memory. The latter process is potentiated by unhelpful coping strategies, such as avoidance. Avoidance
may concern stimuli that are external (places, people) or internal (memories, thoughts); self-medication
with alcohol or other substances may also be a form of avoidance. Sleep difficulties, such as insomnia
and nightmares, may play a role as they contribute to physiological arousal and strong emotions,
two aspects that may promote the perception of current threat.

In sum, both the wide range of symptoms (e.g., PTSD, anxiety, depression, sleep) and the timeline
(e.g., when they occur, how long they persist) are important aspects to consider in the assessment of
the mental health impact of a disaster on the affected community. Moreover, due to their unpredictable
nature, it is exceptionally difficult to obtain empirical data about the impact of natural disasters.
Methodological challenges must be faced: The main bias is often related to the retrospective nature of
the data collected, i.e., when we ask people to remember their immediate post-traumatic reactions
weeks or even years after the traumatic event [20] and the lack of baseline information on premorbid
status. The objective of this research was thus to rapidly document post-traumatic stress symptoms,
mental disorders and psychological difficulties in a sample of evacuees of the 2016 Fort McMurray
wildfires. The goal was to collect data in the immediate aftermath, i.e., three months after the evacuation,
to support self-reported symptoms with standardized clinical interviews, and to assess common mental
health disorders (PTSD, depression, anxiety, substance use) as well as sleep problems. We also wanted
to examine the associations between symptoms of post-traumatic stress and depression, sleep problems,
post-traumatic cognitions and coping strategies. We wished to explore the differential contribution of
sleep difficulties in post-traumatic stress severity once the severity of depression was accounted for,
as well as the influence of cognitions and coping strategies once the severity of depression and sleep
problems were accounted for.
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2. Method

The Laval University institutional review board approved the research protocol, and participants
provided informed consent.

2.1. Participants and Procedure

A sample of evacuees from the 2016 Fort McMurray wildfires were asked to complete an online
questionnaire. To participate, they had to be aged 18 or older and be fluent in English. A subsample
of these volunteers also underwent a standardized clinical interview. The clinical interviews were
conducted in the business meeting room of a local hotel.

Two research assistants—doctoral students in clinical psychology—went to Fort McMurray from
25 July to 16 August 2016 to recruit participants and conduct the clinical interviews. They recruited
volunteers in various public places (e.g., mall, grocery store). They distributed invitations to complete
the online questionnaire, printed on business cards, and also participated in local radio broadcasts to
discuss the project and its recruitment. The online questionnaire remained open from 25 July 25 to
5 September 2016. Appointments were taken with individuals interested to participate to the clinical
interview, either later in the same day or in the following days. A snowball sampling methodology
was also used where participants were invited to refer to the research team other potentially interested
acquaintances. The research assistants were easily joinable by phone or email for the whole time of
their stay in Fort McMurray.

The research assistants were supervised by the principal investigator (GB), a psychologist
specialized in PTSD. They had access to phone supervision as needed for the entire duration of
their stay.

2.2. Measures

The clinical interview merged two validated standardized diagnostic instruments:
The Clinician-Administered PTSD Scale (CAPS) [21] to assess current PTSD, and the Mini International
Neuropsychiatric Interview (MINI) [22] to assess current major depression, panic, agoraphobia,
generalized anxiety, social phobia and obsessive-compulsive disorders, as well as drug and alcohol use
disorders. These instruments provided a stringent examination of the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) [23] criteria for each disorder. Questions related to
the CAPS item #E6 (sleep disturbance) were given a special attention, in order to be able to diagnose
insomnia. An insomnia diagnosis was assigned to participants who met the following five criteria:
(1) Difficulties falling or staying asleep or waking up too early, and these were (2) present at least three
times a week, (3) associated with daytime disturbances, (4) present for at least three months, and (5)
occurred despite adequate opportunity for sleep. Questions probing personal antecedents were asked
at the end of the interview, i.e., “We just did an overview of the symptoms you have/might have had
since the fires. Now I wonder if you have ever experienced problems similar in the past, before the
fires. Have you ever had Depression/Insomnia/Recurrent Nightmares/Anxiety Disorder before?”.

The online questionnaires were presented as aimed at studying post-traumatic stress among
victims of the Fort McMurray fire. The first questions were open-ended and asked participants
to describe their personal experience of the fire and the evacuation, as well as their consequences.
Participants then proceeded to complete the PTSD Symptoms Checklist (PCL-5) [24], the Patient
Health Questionnaire [25], the Insomnia Severity Index [26], the Pittsburgh Sleep Quality Index and its
Addendum for PTSD (PSQI; PSQI-A) [27,28], the Post-Traumatic Cognitions Inventory (PTCI) [29] and
the Ways of Coping Questionnaire (WCQ) [30].

The PCL-5 is a 20-item self-report measure that assesses PTSD symptoms in the past month.
In this study, we used the PCL-5 to assess symptom severity and to make a provisional PTSD diagnosis.
The symptom severity score ranges from 0-80, higher scores indicating more severe symptoms.
A provisional PTSD diagnostic may be assigned to respondents who endorse 1 B item (questions 1-5),

271



IJERPH 2019, 16, 1604

1 Citem (questions 6-7), 2 D items (questions 8-14), 2 E items (questions 15-20). A cutoff score of 33 is
also proposed to discriminate between people with or without probable PTSD [31].

The PHQ is a 59-item questionnaire that was used as a screening tool for mental health disorders
of depression, anxiety, alcohol, eating, and somatoform during the past four weeks. From the PHQ,
we also used the PHQ-9, a subscale composed of 9 summed items to assess the severity of depressive
symptoms [25].

The ISl is a 7-item questionnaire designed to assess the severity of both nighttime and daytime
components of insomnia in the past month. Total score ranges from 0-21, higher scores indicating
more severe insomnia. A cutoff score of 10 is optimal to detect insomnia in a community sample [32].

The PSQI is an 18-item questionnaire that assesses seven components of sleep quality in the past
month: Subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances,
use of sleep medication, and impairment of daytime functioning. A global sleep quality score ranging
from 0-21 is obtained by summing the seven component scores, higher scores indicating poorer sleep
quality. A global sleep quality score higher than 5 is interpreted as poor sleep.

We also used the 7-item addendum to the PSQI, the PSQI-A, to assess the frequency of
trauma-related sleep disturbances (hot flashes, general nervousness, memories or nightmares of
traumatic experience, severe anxiety or panic not related to traumatic memories, bad dreams not
related to traumatic memories, episodes of terror or screaming during sleep without fully awakening
and episodes of acting out dreams) in the past month. Total score ranges from 0-21, higher scores
indicating more frequent trauma-related sleep disturbances.

The PTCl is a 33-item questionnaire which assessed the degree to which respondents endorsed
several post-traumatic cognitions (thoughts) in general on a 1-7 Likert-type scale. Three subscales
constitute the PTCIL The Negative cognitions about the self subscale includes 21 items which depict a
negative overall opinion of oneself, including a perception of the self as being incapable and weak
(e.g., I am a weak person), permanently and negatively altered by the event (e.g., I worsened forever) and
without hope for the future (e.g., I have no future). The Negative cognitions about the world/others
subscale includes 7 items highlighting the world as a dangerous place and people as inherently
unreliable (e.g., You cannot trust anyone). The self-blame subscale includes 5 items assessing blame for
the occurrence of the traumatic event (e.g., The event occurred because of the way I acted). Each subscale
score is the average 1-to-7 answer per statement.

Finally, a short version of the WCQ assessed the frequency of use of three coping strategies
in the past week: Seeking social support (6 items), positive reappraisal/problem solving (9 items)
and distancing/avoidance (6 items). Each item is rated on a 0-3 Likert-type scale. Subscale scores
are computed by summing the score of each item, and higher scores indicate more frequent use of
the strategy.

2.3. Data Analyses

To document post-traumatic stress symptoms, mental disorders and psychological difficulties,
frequencies were computed for categorical variables, and means and standard deviations were
computed for continuous variables. Lower and upper limits of 95% confidence interval for each
mean and for each proportion were computed. Correlations between variables were examined by
calculating Pearson’s coefficients. To avoid overlap on the various questionnaires in the correlation and
regression analyses, the PCL-5 total score was computed excluding the two sleep items (#2—repeated,
disturbing dreams, and #20—trouble falling or staying asleep) and the PHQ-9 total score was
computed excluding its sleep item (#3—trouble falling or staying asleep, or sleeping too much).
To document the factors associated with the severity of PTSD symptoms, a hierarchical multiple
regression analysis was performed, with PTSD symptom severity (PCL-5 total score) as the predicted
variable. The observation of the Gaussian distribution of the studentized residuals along with a
non-statistically significant Shapiro-Wilk test suggested that the residuals were normally distributed.
The first block consisted of gender and age, and was entered with the standard method as a control
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for the potential effect of these sociodemographic characteristics on PTSD severity. The second block
of variables was entered with the standard method and was composed of depressive symptoms
(PHQ-9 total score excluding the sleep item). The third block was entered with the standard method
and was composed of insomnia severity (ISI total score), global sleep quality (PSQI total score),
and trauma-related sleep disturbances (PSQI-A total score). The fourth and final block was entered
with the standard method and was composed of negative cognitions about the self (PTCI subscale),
negative cognitions about the world (PTCI subscale), self-blame (PTCI subscale), seeking social support
(WCQ subscale), problem-solving/positive reappraisal (WCQ subscale) and distancing/avoidance
(WCQ subscale). Correlation and regression analyses were performed with SPSS 13.0 for Windows
(SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Sample Description

Three hundred and ninety-four (394) respondents registered to complete the online
questionnaire, i.e., went on the website describing the study and clicked to begin the questionnaire.
Fifteen questionnaires (3.8%) remained completely or mostly unanswered. Among the 379 completed
questionnaires, between 0.02 and 8.4% of data were missing, depending on the question/variable.
Missing data were not replaced. Participants were mostly female (77%). Mean age was 40.10 years
old (SD = 12.20). Almost three quarters were married or in a common-law relationship (72%);
18% were single, and 7% were either separated, divorced or widowed. Most participants (61%) had
children. Residence status in the regional municipality of Wood Buffalo (which includes the city of
Fort McMurray) was permanent for 88% and temporary for 7%. Before the fires, most participants
worked part or full time (77%); 4% were retired, 3% were on a sick or invalidity leave, and 2% were
students. Nearly one participant in four (23%) reported a change in work status since the fires.

Fifty-six (56) respondents participated to the interview. One interview was excluded from
the analyses because of incomplete responses: The interviewer suspected that the participant was
intoxicated and/or suffering from psychotic symptoms, and redirected the interview to ensure the
participant’s safety and access to local mental health resources. The final subsample of 55 participants
was practically equally distributed between males (49%) and females (51%). Mean age was 43.07 years
old (SD = 14.67). About half were married or in a common-law relationship (49%); 31% were single,
and 16% were either separated, divorced or widowed. Most participants (62%) had children. Residence
status in the community of Wood Buffalo (which includes the city of Fort McMurray) was permanent
for 95% and temporary for 4%. Before the fires, most participants worked part or full time (76%);
4% were retired, 18% were unemployed, and 2% were students. One participant in six (16%) reported
a change in work status since the fires.

Although all participants of the clinical interview were invited to complete the online questionnaire,
thirty-five (35) did so, representing 9.2% of the sample of completed questionnaires. Compared to
respondents who only completed the online questionnaire (344), participants who completed the
interview and the online questionnaire (35) were more likely to be male and older, and they showed
an overall portrait of less severe mental health problems. They were less likely to have self-reported
PTSD, somatoform disorder and major depressive disorder. They showed lower scores on measures
of post-traumatic, insomnia and depressive symptoms. They reported less use of avoidance-based
coping strategies, less endorsement of cognitions regarding the self, the world or self-blame, and better
sleep quality.
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3.2. Main Results

Data from the online survey showed that, three months after the fires, roughly 60% suffered from
significant post-traumatic stress, i.e., they had a provisional PTSD diagnosis according to the PCL-5 or
a PCL-5 score of 33 or higher (see Table 1). The most frequently reported symptoms were repeated
disturbing memories, feeling upset when reminded of the stressful experience, and trouble falling or
staying asleep. Table 2 presents scores obtained on the other self-report questionnaires. The PHQ
showed high proportions of respondents endorsing the diagnostic criteria of major depressive disorder
(33.1%), somatoform disorder (27.0%) and anxiety disorders other than panic (27.0%). High rates of
panic disorder (17.4%), alcohol abuse disorder (17.1%) and binge eating disorder (15.1%) were also
observed. Results showed overall high severity of depressive symptoms, insomnia and post-traumatic
sleep disturbances, as well as poor sleep quality.

Data from the clinical interviews showed that in this subsample of 55 volunteer participants,
29.1% met the clinical diagnostic criteria for PTSD and 25.5% met the clinical diagnostic criteria for
major depression disorder (see Table 3). Among the anxiety disorders, panic disorder and generalized
anxiety disorder were the most frequent. Substance use disorders, especially drug use disorder,
were diagnosed in 16.7% of the sample. The most frequently encountered diagnosis in this sample was
insomnia disorder, with a proportion of 43.6%. Participants were asked whether their sleep difficulties
started or got worse after the fires; in most cases, the insomnia disorder was definitely (68%) or probably
(16%) related to the fires. Most people with current insomnia (78%) reported having experienced
insomnia in the past. PTSD was associated with current insomnia (X*(1) = 17.65, p < 0.001), but not
with insomnia antecedents (X?(1) = 0.432, p = 0.511).

Table 4 presents the associations between the different variables under study. More severe PTSD
symptoms was associated with more severe depression and insomnia symptoms, poorer sleep quality
and more severe trauma-related sleep disturbances, stronger endorsement of negative cognitions
concerning the self, others and self-blame, and with more frequent use of avoidance strategies.
PTSD symptom severity was also negatively correlated with age, that is, more severe in younger people.

Results from hierarchical multiple regression analyses indicated that the final model accounted
for 77.0% of PTSD symptom severity variance, F(8, 340) = 146.722, p < 0.001 (Table 5). Sex and age
did not contribute significantly to the model (although age was positively associated with symptom
severity when no other variable than sex was included in the model). Significant predictors included
depressive and insomnia symptoms, trauma-related sleep disturbances, post-traumatic cognitions
concerning the others or the world as untrustworthy or dangerous, avoidance-based coping strategies
and problem-solving/reappraisal coping strategies.
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Table 2. Results on self-report questionnaires (1 = 347-378 2).

Questionnaire n % 95% CI
PHQ—Somatoform Disorder (n = 378) 102 26.98 [22.75-31.67]
PHQ—Major Depression Disorder (n = 378) 125 33.07 [28.52-37.96]
PHQ—Panic Disorder (n = 379) 66 17.41 [13.92-21.55]
PHQ—Other Anxiety Disorder (1 = 378) 102 26.98 [22.75-31.67]
PHQ—Bulimia (n = 377) 14 3.71 [2.22-6.13]
PHQ—Binge Eating Disorder (1 = 377) 57 15.12 [11.86-19.09]
PHQ—AIlcohol Abuse (1 = 375) 64 17.07 [13.06-21.21]
M SD 95% CI
Depressive Symptoms (PHQ-9) (n = 378) 10.72 6.65 [10.05-11.39]
Insomnia Symptoms (ISI) (n = 375) 15.50 7.75 [14.72-16.28]
Trauma-Related Sleep Disturbances (PSQI-A) (n = 375) 5.52 4.72 [5.04-6.00]
Global sleep Quality (PSQI) (n = 375) 11.76 498 [11.26-12.26]
Sleep Quality (PSQI) (1 = 375) 1.90 0.85 [1.81-1.99]
Sleep Latency (PSQI) (1 = 375) 2.01 1.10 [1.90-2.12]
Sleep Duration (PSQI) (1 = 370) 1.76 1.03 [1.66-1.86]
Sleep Efficiency (PSQI) (1 = 370) 1.61 1.28 [1.48-1.74]
Sleep Disturbances (PSQI) (1 = 375) 1.92 0.76 [1.84-2.00]
Use of Sleep Medications (PSQI) (n = 374) 0.99 1.28 [0.86-1.12]
Daytime Dysfunction (PSQI) (n = 375) 1.62 0.95 [1.52-1.72]
Post-Traumatic Cognitions (PTCI) (n = 347) 48.05 43.06 [43.55-52.55]
Self (PTCI) (n = 359) 140 143 [1.25-1.55]
World (PTCI) (1 = 359) 225 1.66 [2.08-2.42]
Self-Blame (PTCI) (1 = 359) 0.55 0.99 [0.45-0.65]
Seeking Social Support (WCQ) (1 = 358) 6.70 4.02 [6.28-7.12]
Problem-Solving / Positive Re-Appraisal (WCQ) (1 = 358) 10.24 6.07 [9.61-10.87]
Distancing / Avoidance (WCQ) (n = 359) 6.82 4.15 [6.39-7.25]

Note: * Among the 379 completed questionnaires, between 1 and 32 data were missing per variable. Missing data
were not replaced. M = mean; PHQ = Patient Health Questionnaire; SD = standard deviation.

Table 3. Proportions of respondents diagnosed with PTSD or other mental disorders according to
clinical interviews 2 (1 = 54 or 55 P).

. . Number of Proportion of o
Diagnosis Respondents Resl;ondents 95% CI
PTSD (n = 55) 16 29.09 [18.77-42.14]
Major Depression Disorder (1 = 55) 14 25.45 [15.81-38.30]
Panic Disorder (n = 55) 13 23.64 [14.37-36.35]
Agoraphobia (1 = 55) 7 12.73 [6.31-24.02]
Generalized Anxiety Disorder (1 = 55) 13 23.64 [14.37-36.35]
Social Phobia (1 = 55) 5 9.09 [3.95-19.58]
Obsessive-Compulsive Disorder (1 = 55) 0 0.00 -
Drug Use Disorder (1 = 54) 7 12.96 [6.42-24.42]
Alcohol Use Disorder (n = 54) 2 3.70 [1.02-12.53]
Insomnia Disorder (n = 55) 24 43.64 [31.38-56.73]

Note: @ PTSD diagnosed with the Clinician-Administered PTSD Scale for DSM-5 (CAPS), Insomnia Disorder
diagnosed with questions from the Insomnia Interview Schedule adapted according to the DSM-5 criteria, all other
disorders diagnosed with the Mini International Neuropsychiatric Interview (MINI). b One participant did not
provide information to assess alcohol use and another one did not provide information to assess alcohol use.
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Table 5. Multiple regression analyses predicting PTSD symptom severity (excluding sleep items)

(n = 344).
Variables B SEB B Adjusted R*?  R? Change
Step 1 0.023 ** 0.23 **
Sex 4.778 2.377 0.102
Age —-0.176 0.077 -0.123*
Step 2 0.680 ** 0.654 **
Sex 2.403 1.363 0.055
Age —-0.125 0.044 —0.087 **
Depressive symptom se\{erlty (PHQ-9 2439 0.092 0.811 **
excluding sleep item)
Step 3 0.721 ** 0.043 **
Sex 0.853 1.296 0.019
Age —-0.126 0.042 —0.088 **
Depressive symptom se\{erlty (PHQ-9 173 0.138 0576 +*
excluding sleep item)
Global sleep quality (PSQI) —0.141 0.173 -0.040
Insomnia symptom severity (ISI) 0.291 0.126 0.128 *
Post-traumatic sleep disturbances ”
(PSQIL-A) 0.932 0.154 0.249
Step 4 0.753 ** 0.035 **
Sex 1.555 1.263 0.035
Age —0.064 0.041 —0.045
Depressive symptom severity (PHQ-9 1.393 0.153 0.465 **
excluding sleep item)
Global sleep quality (PSQI) —-0.121 0.164 —-0.034
Insomnia symptom severity (ISI) 0.287 0.119 0.126 *
Post-traumatic sleep disturbances .
(PSQL-A) 0.646 0.155 0.173
Negative cognitions about the self (PTCI) 0.227 0.736 0.018
Negative cognitions about the ”
world/others (PTCI) 1827 0463 0172
Self-blame (PTCI) 0.046 0.681 0.002
Seeking social support (WCQ) —-0.166 0.157 —-0.038
Positive reappraisal/Problem solving
—-0.107 0.107 —0.037
(WCQ)
Distancing/Avoidance (WCQ) 0.461 0.145 0.109 **

*p <0.05; ** p < 0.01. B = beta weight; SE B = standard error of the beta weight.

4. Discussion

The objective of this study was to rapidly document post-traumatic stress symptoms,
mental disorders and psychological difficulties in a sample of evacuees in the immediate aftermath
of the 2016 Fort McMurray wildfires. Result showed that roughly 60% of respondents to an online
questionnaire reported significant post-traumatic stress symptoms, or could be given a provisional
PTSD diagnosis according to their responses to a validated self-report questionnaire (PCL-5). This is
similar to what was observed among the residents of Enschede, The Netherlands, two or three
weeks after the explosion of a fireworks storage facility in a residential area, where more than 50%
reported anxious and depressive symptoms of anxiety and sleeping problems, and nearly 75% reported
disaster-related reactions of intrusion and avoidance [14]. Four months after a devastating tornado
struck the town of Albion, PA in 1985, 76% of its residents also showed high levels of post-traumatic
stress [33].

The most frequently reported post-traumatic stress symptoms were repeated disturbing memories
(reported by 77.4% of the sample), feeling upset when reminded of the stressful experience (76.7%), and
trouble falling or staying asleep (72.5%). The widespread presence of sleep disturbances is a finding
consistent with that of studies with larger and more representative samples exposed to a disaster:
Rates of severe problems with sleep were threefold that of the general population in the residents of
Enschede, The Netherlands, after the fireworks storage facility explosion [14].

278



IJERPH 2019, 16, 1604

Self-report questionnaires suggested alarmingly elevated rates of clinically significant symptoms
of major depressive disorder (one in three respondents), but also of somatoform, anxiety and panic
disorders, alcohol abuse and binge eating. Respondents reported overall high severity of depressive
symptoms, insomnia symptoms and trauma-related sleep disturbances, as well as poor sleep quality.
This highlights the relevance to include various outcomes in the assessment of the impact of a disaster
on mental health. Because this study did not benefit neither from a comparison with a non-exposed
control group nor from an estimation of pre-traumatic mental health of the Fort McMurray population,
we cannot directly attribute the observed symptoms to the experience of the fires and of the evacuation.
However, all of the observed values were largely greater than prevalence rates of mental health
disorders reported in the general population: For example, according to the 2002 Canadian Community
Health Survey on Mental Health and Well-Being, the 12-month prevalence of any anxiety disorder is
4.8%, and any mood disorder is 5.3% [34].

We also analyzed data from a subsample of 55 evacuees who participated in a clinical interview
where a stringent examination of DSM criteria was conducted. This more rigorous and conservative
approach indicated that 29.1% fulfilled the DSM-5 criteria for PTSD. Prevalence of PTSD was somewhat
more elevated than that assessed with a DSM-IV-based clinical interview in a sample of individuals three
months after an earthquake in North China (18.8%) [35]. However, in the latter study, when researchers
calculated the prevalence of PTSD without the requirement for presence of both avoidance and
numbing symptoms (DSM-IV’s Criterion C), as is it now the case in DSM-5, they obtained an estimated
closer to the one we obtained (27.4%). Almost half of participants with PTSD in the present study
(43.6%) could be considered as having an insomnia disorder (recurrently having significant trouble
falling or staying asleep). This is about three times higher than in the general Canadian population
where the prevalence of insomnia disorder is estimated to be 13.4% [36]. Moreover, although 78% of
the subsample reported having had insomnia episodes before the fires, the current insomnia episode
was presumably trauma-related, i.e., definitely/probably started or got worse after the fires, in 84% of
the cases.

We also wanted to explore the association between of symptoms of post-traumatic stress,
and depression, sleep problems, post-traumatic cognitions and coping strategies as assessed
three months after the fires. After controlling for sex and age, significant factors associated
with post-traumatic stress symptom severity included, depressive symptoms, trauma-related sleep
disturbances, post-traumatic cognitions (perceiving other people or the world as untrustworthy or
dangerous), insomnia symptoms, avoidance-based coping strategies and problem-solving/reappraisal
coping strategies. The observed associations were consistent with the role of cognitions and coping
strategies in producing a sense of imminent threat that contribute to maintain and exacerbate
post-traumatic stress symptoms [19]. These preliminary findings also suggest that sleep problems,
either sleep disturbances or insomnia, are closely associated with PTSD in the aftermath of a disaster,
beyond the expected association due to the presence of depressive symptoms. Sleep difficulties may
be present before the traumatic event or occur as a result of trauma, and their persistence several days
or weeks after the traumatic event may act as a specific risk factor for PTSD [37]. They may constitute
symptoms of PTSD, but they may also develop into difficulties concomitant with PTSD, but still different
in their nature and their response to treatment [38,39]. Inversely, the treatment of trauma-related sleep
problems may have a positive impact on other post-traumatic stress symptoms [40,41]. Interventions
to protect or restore sleep after exposure to a disaster are likely to be useful, but the efficacy of sleep
management strategies to prevent the development of other mental health problems after traumatic
exposure has yet to be studied.

These findings are to be interpreted with caution, as they were assessed very early in the aftermath
of the fires and the evacuation, i.e., approximately three months after the evacuation. Some of the
respondents had not yet returned home. Furthermore, it is possible that individuals feeling distress
could have been more motivated to participate compared to persons with no particular mental health
symptoms. Previous findings have shown that resilience, namely the ability to maintain at a stable,
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healthy level of psychological and physical functioning [15], is to be expected in the majority of
individuals. In a study of the aftermath of Hurricane Ike [42], it was found that 75% of the population
never developed PTSD when they were evaluated in the 18-month period following the disaster.
In addition, between 45-58% did not develop depression, functional impairment, or report days of poor
health. Recovery, whereby persons may experience some levels of psychopathology (such as anxiety,
depression or sleep problems) but gradually return to pre-event levels of functioning [16], is another
common trajectory, where some level of psychological symptoms could be expected as a “normal”
reaction to a severely abnormal event, but where symptoms eventually subside. Data collected three
to four years after the Victorian Black Saturday bushfires in Australia (February 2009) indicated that
more than 80% recovered from symptoms of psychological distress without developing significant
mental health problems in the long run [4]. However, studies of resilience and recovery have focused
on PTSD and depression, and have not included the assessment of sleep difficulties. Longitudinal
follow-ups of the Fort McMurray community will be needed to assess the longer-term evolution of the
all of the psychological impacts that were highlighted in these results.

5. Conclusions

This study represented a preliminary effort to guide future investigations on the mental health
of the Fort McMurray community. A study of the natural history of PTSD, depression and sleep
disorders is currently in progress to document the prevalence of psychopathology in the long-term
(e.g., three years post-disaster), and to examine the impact of sociodemographic characteristics
(e.g., sex/gender, age, ethnicity, income and membership in a First Nation) and degree of loss caused by
the fires on prevalence rates. This ongoing study will examine the longitudinal predictors of the course
of post-traumatic adaptation, by determining the sociodemographic, psychopathological, cognitive,
behavioural and social factors longitudinally associated with not only distress, but also resilience and
post-traumatic growth. Finally, we perceived an urgent need in our pool of respondents to be heard
about their mental health service needs. Although evidence has shown that patients usually prefer
psychological treatment to medication to treat anxiety and depression problems, gender, age and
ethnicity greatly influence beliefs and perceived needs in terms of mental health [43]. Data on mental
health needs after a disaster from the patients’ perspective are needed to guide the development of
large-scale interventions that are accessible and relevant to the affected community.
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