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book and to view the individual permissions, please refer to the citation at the 
beginning of each chapter. The editors carefully selected each chapter to create 
as complete as possible an image of the needs, concerns, and insights that relate 
to disaster preparedness from an international health-care perspective.

The chapters included are broken into five sections, which describe the fol-
lowing topics:

Part I is an overview of disaster-related health care:

•	 In chapter 1, the authors stress with great urgency that integrating disaster 
response into the health-care training and delivery system worldwide will 
have socioeconomic effects far beyond the individual lives saved.

•	 In chapter 2, the authors call for an evidence base to improve health care 
in disasters.

Part II looks at the issue from the perspectives of disaster preparedness 
and resilience:

•	 The authors of chapter 3 conclude that hospitals need to take a more 
cohesive approach to be resilient in order to position themselves to be able 
to best cope with a potential disaster.

•	 Chapter 4 looks specifically at the adaptive capacity of the health sector to 
disaster response in the climate change context in Pacific Island Countries.

•	 Chapter 5 offers a method for assessing emergency plans and provides 
baseline information that will be useful for ongoing planning efforts.

The article in Part III defines an effective medical response to disaster:

•	 In chapter 6, the authors make a strong call to providers of surgical health 
care in disaster settings to ensure that they use minimum standards of care 
before undertaking surgery and avoid more rigorous procedures when 
these standards cannot be met
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Part IV focuses on ways to manage resources during a disaster:

•	 Chapter 7 examines the dilemmas providers confront during triage and 
allocation, and relates these to ethical issues.

•	 Chapter 8 categorizes relief from the point view of government and aca-
demia, and then explains the relationship between relief categorization 
and demand forecasting.

•	 Chapter 9 reports on a North Carolina model that contributed to the 
improved quality of public health preparedness and emergency opera-
tions plans and streamlined processes related to both emergency manage-
ment and public health preparedness.

Part V looks at ways in which medical staff can be better educated to handle 
disasters:

•	 Chapter 10 lists recommendations made at a Council of Emergency 
Medicine conference to enhance the global health education of emer-
gency medicine residents.

•	 In chapter 11, the authors share their experiences and lessons learned 
regarding the preparation of medical personnel for early response human-
itarian aid delegations.

•	 Chapter 12 concludes that nurses should be adequately prepared with 
knowledge and skills for management of disasters, starting from their 
basic training and reinforcement in their on-the-job continuing training.

•	 Chapter 13 presents a consensus-based research agenda that highlights 
five priority research questions related to global health education at the 
undergraduate medical education level



Introduction

The United Nations has recognized the devastating consequences of “unpre-
dictable, unpreventable and impersonal” disasters—at least US $2 trillion in 
economic damage and more than 1.3 million lives lost from natural disasters 
in the last two decades alone. In many disasters (both natural and man-made) 
hundreds—and in major earthquakes, thousands—of lives are lost in the first 
days following the event because of the lack of medical/surgical facilities to treat 
those with potentially survivable injuries. Disasters disrupt and destroy not only 
medical facilities in the disaster zone but also infrastructure (roads, airports, 
electricity) and potentially local healthcare personnel as well. To minimize mor-
bidity and mortality from disasters, medical treatment must begin immediately, 
within minutes ideally, but certainly within 24 hours (not the days to weeks cur-
rently seen in medical response to disasters). This requires that all resources—
medical equipment and support, and healthcare personnel—be portable and 
readily available; transport to the disaster site will usually require helicopters, 
as military medical response teams in developed countries have demonstrated. 
Some of the resources available and in development for immediate medical 
response for disasters—from portable CT scanners to telesurgical capabilities—
are described in chapter 1. For immediate deployment, these resources—medi-
cal equipment and personnel—must be ready for deployment on a moment’s 
notice and not require administrative approvals or bureaucratic authorizations 
from numerous national and international agencies, as is presently the case. 
Following the “trauma center/stroke center” model, disaster response incorpo-
rating “disaster response centers” would be seamlessly integrated into the ongo-
ing daily health-care delivery systems worldwide, from medical education and 
specialty training (resident/registrar) to acute and subacute intensive care to 
long-term rehabilitation. The benefits of such a global disaster response network 
extend far beyond the lives saved: universal standards for medical education and 
healthcare delivery, as well as the global development of medical equipment and 
infrastructure, would follow. Capitalizing on the humanitarian nature of disaster 
response—with its suspension of the cultural, socioeconomic, and political bar-
riers that often paralyze international cooperation and development—disaster 
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response can be predictable, loss of life can be preventable and benefits can be 
both personal and societal.

As for any type of health care, decisions about interventions in the context 
of natural disasters, conflict, and other major healthcare emergencies must be 
guided by the best possible evidence. Disaster health interventions and deci-
sion making can benefit from an evidence-based approach. Chapter 2 outlines 
how systematic reviews and methodologically sound research can build a much-
needed evidence base. The authors do this from the standpoint of Evidence Aid, 
an initiative that aims to improve access to evidence on the effects of interven-
tions, actions, and policies before, during, and after disasters and other humani-
tarian emergencies, so as to improve health-related outcomes.

Hospital disaster resilience can be defined as a hospital’s ability to resist, 
absorb, and respond to the shock of disasters while maintaining critical func-
tions, and then to recover to its original state or adapt to a new one. Chapter 3 
aims to explore the status of resilience among tertiary hospitals in Shandong 
Province, China. A stratified random sample (n = 50) was derived from tertiary 
A, tertiary B, and tertiary C hospitals in Shandong Province, and was surveyed 
by questionnaire. Data on hospital characteristics and 8 key domains of hospi-
tal resilience were collected and analyzed. Variables were binary, and analyzed 
using descriptive statistics such as frequencies. A response rate of 82% (n = 41) 
was attained. Factor analysis identified four key factors from eight domains that 
appear to reflect the overall level of disaster resilience. These were hospital safety, 
disaster management mechanisms, disaster resources and disaster medical care 
capability. The survey demonstrated that in regard to hospital safety, 93% had 
syndromic surveillance systems for infectious diseases and 68% had evaluated 
their safety standards. In regard to disaster management mechanisms, all had 
general plans, while only 20% had specific plans for individual hazards. 49% had 
a public communication protocol and 43.9% attended the local coordination 
meetings. In regard to disaster resources, 75.6% and 87.5% stockpiled emer-
gency drugs and materials respectively, while less than a third (30%) had a signed 
Memorandum of Understanding with other hospitals to share these resources. 
Finally in regard to medical care, 66% could dispatch an on-site medical rescue 
team, but only 5% had a “portable hospital” function and 36.6% and 12% of the 
hospitals could surge their beds and staff capacity respectively. The average beds 
surge capacity within 1 day was 13%. This study validated the broad utility of a 
framework for understanding and measuring the level of hospital resilience. The 
survey demonstrated considerable variability in disaster resilience arrangements 
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of tertiary hospitals in Shandong province, and the difference between tertiary A 
hospitals and tertiary B hospitals was also identified in essential areas.

There is a growing body of evidence that the impacts of climate change are 
affecting population health negatively. The Pacific region is particularly vulner-
able to climate change; a strong health-care system is required to respond dur-
ing times of disaster. Chapter 4 examines the capacity of the health sector in 
Pacific Island Countries to adapt to changing disaster response needs, in terms 
of: (i) health workforce governance, management, policy and involvement; (ii) 
health-care capacity and skills; and (iii) human resources for health training and 
workforce development. Key stakeholder interviews informed the assessment 
of the capacity of the health sector and disaster response organizations in Pacific 
Island Countries to adapt to disaster response needs under a changing climate. 
The research specifically drew upon and examined the adaptive capacity of indi-
vidual organizations and the broader system of disaster response in four case 
study countries (Fiji, Cook Islands, Vanuatu and Samoa). “Capacity” including 
health-care capacity was one of the objective determinants identified as most sig-
nificant in influencing the adaptive capacity of disaster response systems in the 
Pacific. The research identified several elements that could support the adaptive 
capacity of the health sector such as: inclusive involvement in disaster coordi-
nation; policies in place for health workforce coordination; belief in their abili-
ties; and strong donor support. Factors constraining adaptive capacity included: 
weak coordination of international health personnel; lack of policies to address 
health worker welfare; limited human resources and material resources; short-
ages of personnel to deal with psychosocial needs; inadequate skills in field tri-
age and counseling; and limited capacity for training. Findings from this study 
can be used to inform the development of human resources for health policies 
and strategic plans, and to support the development of a coordinated and col-
laborative approach to disaster response training across the Pacific and other 
developing contexts. This study also provides an overview of health-care capac-
ity and some of the challenges and strengths that can inform future development 
work by humanitarian organizations, regional and international donors involved 
in climate change adaptation, and disaster risk reduction in the Pacific region.

The aim of chapter 5 is to carry out an audit of healthcare plans in New 
Zealand and Oman. Methods. The study utilizes a deductive content analy-
sis method. Written plans from New Zealand District Health Boards (DHBs) 
and the Omani secondary and tertiary hospitals were analyzed. A checklist was 
used to score the plans against twelve elements that are command and control, 



hazard analysis, surge capability, communication, standard operating procedures 
(SOPs), life-line backups, public and media, training, welfare, coordination, and 
recovery. There were 14 plans from New Zealand and 7 plans from Oman ana-
lyzed. The overall coverage of New Zealand plans was 67.5% compared to 53.3% 
in Oman. Plans from both countries scored similarly in “command and control,” 
“hazard analysis,” “surge,” and “communication” elements. Omani plans scored 
lower than those of New Zealand in “media and the public,” “training,” “coordi-
nation,” and “recovery.” Both countries scored very low in addressing the welfare 
of responders. This study highlighted the value of health emergency plans in 
New Zealand as reflected by the high score of DHBs’ coordination. Therefore, a 
similar approach in Oman will enhance emergency preparedness. Responders’ 
welfare is an issue that needs to be addressed by emergency preparedness plans 
in both countries.

Scarce medical resources during a natural disaster challenge the existing 
protocols for medical intervention. Triage decisions about which patient to care 
for can be extremely stressful for a medical team. The case analysis in chapter 6 
describes the experience of one mobile field hospital in Haiti in the aftermath 
of the January 12, 2010 earthquake. The medical team was confronted with the 
need to choose which of three critically ill patients should receive the remain-
ing, dwindling oxygen supply. The ethical framework around these decisions is 
discussed. The development of an onsite ethics committee from team members 
is suggested to help lighten the burden of decision making off of the individual 
care provider.

Demand forecasting on relief is the premise and basis of material alloca-
tion scheme in emergency logistic system. Reasonable demand forecasting 
method can facilitate relief distribution, thus avoiding the phenomenon that 
supply-demand imbalance and relief distribution delay. In chapter 7, relief will 
be categorized from point view of government and academia, to explain the 
relationship between relief categorization and demand forecasting. The authors 
then introduce the characteristics of relief-demand from several aspects, such as 
sudden, uncertainty, timeliness, and stage. Finally, this chapter gives an overall 
conclusion on current development of relief-demand forecasting method. It also 
elaborates the application of case-based reasoning and information entropy the-
ory, considering safety stock in the field of relief-demand forecasting in detail, to 
provide reference for relief distribution.

Some jurisdictions have reduced workforce and reallocated responsibilities 
for public health preparedness and emergency management to more efficiently 
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use resources and improve planning and response. In chapter 8, key informant 
interviews were conducted in six counties in North Carolina (USA) to discuss 
perceptions of the challenges and opportunities provided by the new shared 
positions. Respondents felt that planning and response have improved, but that 
requirements related to activities or equipment that are eligible for funding (par-
ticularly on the public health side) can present an impediment to consolidating 
public health preparedness and emergency management roles. As the financial 
resources available for public health preparedness and emergency management 
continue to be reduced, the merging of the roles and responsibilities of pub-
lic health preparedness and emergency management may present jurisdictions 
with an effective alternative to reducing staff, and potentially, readiness.

An increasing number of emergency medicine (EM) residency training 
programs have residents interested in participating in clinical rotations in other 
countries. However, the policies that each individual training program applies 
to this process are different. The authors of chapter 9 state that little has been 
done in the standardization of these experiences to help EM residency pro-
grams with the evaluation, administration and implementation of a successful 
global health clinical elective experience. The objective of chapter 10’s project 
was to assess the current status of EM global health electives at residency train-
ing programs and to establish recommendations from educators in EM on the 
best methodology to implement successful global health electives. During the 
2011 Council of Emergency Medicine Residency Directors (CORD) Academic 
Assembly, participants met to address this issue in a mediated discussion session 
and working group. Session participants examined data previously obtained via 
the CORD online list serve, discussed best practices in global health applica-
tions, evaluations and partnerships, and explored possible solutions to some of 
the challenges. In addition a survey was sent to CORD members prior to the 
2011 Academic Assembly to evaluate the resources and processes for EM resi-
dents’ global experiences. Recommendations included creating a global health 
working group within the organization, optimizing a clearinghouse of elec-
tive opportunities for residents and standardizing elective application materi-
als, site evaluations and resident assessment/feedback methods. The survey 
showed that 71.4% of respondents have global health partnerships and electives. 
However, only 36.7% of programs require pre-departure training, and only 20% 
have formal competency requirements for these global health electives. A large 
number of EM training programs have global health experiences available, but 
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these electives and the trainees may benefit from additional institutional sup-
port and formalized structure.

Humanitarian aid provision and early medical response missions to areas 
ravaged by natural disasters are as essential nowadays as in the past, and medical 
personnel play a pivotal role in these delegations. In November 2013, tropical 
cyclone Haiyan (Yolanda) slammed the Philippines archipelago, leaving more 
than an estimated 6000 dead in its wake while demolishing vital infrastruc-
ture and affecting the life of an estimated 25 million locals. The Israeli Defense 
Forces (IDF) rapidly constructed and sent a humanitarian aid delegation, which 
included a field hospital deployment with medical capabilities from diverse spe-
cialty fields. The purpose of chapter 10 is to summarize the authors’ experience 
in the preparation process of medical personnel before and during deployment. 
They offer a simple, practical and structured checklist that will assist medical 
specialists in preparation for their missions. Preparation of medical personnel 
for humanitarian aid medical missions is a complex and vital task that might be 
better accomplished with thorough briefing and structured checklists that begin 
with addressing of personal safety and other daily needs of the staff.

Chapter 11 explores Hong Kong nurses’ perceptions of competencies 
required for disaster nursing. Focus group interviews and written inquiry were 
adopted to solicit nurses’ perceived required competencies for disaster care. A 
total of 15 nurses were interviewed and 30 nurses completed the written inquiry 
on their perceived competencies related to disaster nursing. The International 
Council for Nurses’ (ICN) framework of disaster nursing competencies, con-
sisting of four themes and ten domains, was used to tabulate the perceived com-
petencies for disaster nursing reported by nurses. The most-mentioned required 
competencies were related to disaster response; with the ethical and legal com-
petencies for disaster nursing were mostly neglected by nurses in Hong Kong. 
With the complexity nature of disasters, special competencies are required if 
nurses are to deal with adverse happenings in their serving community. Nurses’ 
perceived disaster nursing competencies reported by nurses were grossly inad-
equate, demonstrating the needs to develop a comprehensive curriculum for 
public health. The establishment of a set of tailor-made disaster nursing core 
competencies for the community they served is the first step in preparing nurses 
to deal with disastrous situations for the health of the public.

Global emergency medicine is a rapidly growing field within EM, as evi-
denced by the increasing number of medical students desiring global health and 
emergency care experiences. Despite this growing popularity, little is known of 



the effect of undergraduate medical education in global health on learners and 
patients in the United States and abroad. During the 2013 Academic Emergency 
Medicine consensus conference, a group of leading medical school educators 
convened to generate a research agenda on priority questions to be answered in 
this arena. This consensus-based research agenda is presented in this compen-
dium’s final chapter.
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1.1  PROBLEMS WITH CURRENT DISASTER RESPONSE

Disasters—largely unpredictable, unpreventable and impersonal—take a dev-
astating toll around the world. Since the start of the new millennium, earth-
quakes alone have claimed upwards of 300,000 lives in each of 2 years (2004 and 
2010) and upwards of 100,000 lives in each of 2 more years (2005 and 2008). 
Cyclones/hurricanes/typhoons claimed upwards of 150,000 lives in 2008, the 
majority due to Cyclone Nargis, which struck Myanmar (Burma) with approxi-
mately 140,000 lives lost [1,2].

The impact of natural disasters is substantial, in terms of both economic 
losses as well as lives lost. The trends for both economic losses and loss of 
life for the period 1956 through 2005 are graphed by decade in Figure 1.1. 
Hydrometeorological causes (notably cyclones/hurricanes/ typhoons) have 
inflicted increasing economic losses (approaching 500 billion USD for the 
decade 1996–2005), while geological causes (notably earthquakes) have 
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caused increasing numbers of deaths (well over 500,000 for the decade 1996–
2005) [3].

The United Nations (UN) has recognized the impact of natural disasters 
worldwide. In the two decades following the Earth Summit in Rio de Janeiro 
in 1992, it has been estimated that the damages incurred totaled US $2 trillion 
and that the number of lives lost was greater than 1.3 million [4]. Following the 
Indian Ocean earthquake and tsunami that killed upwards of 300,000 people in 
2004, the UN World Conference on Disaster Reduction ( January, 2005, Kobe, 
Japan) noted the following [5]:

“We have the knowledge for disaster reduction, what we need is the action. The 
most important condition for disaster reduction is the political commitment to 
remove the institutional barriers and integrate disaster risk reduction in the strat-
egies and programmes for sustainable development...”

“We recognize...the importance of involving all stakeholders, including govern-
ments, regional and international organizations and financial institutions, civil 
society, including non-governmental organizations and volunteers, the private 
sector and the scientific community” [5].

 
FIGURE 1.1  Economic losses and loss of life from hydrometeorological and geological 
disasters by decade (from reference [3] with permission).
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One way to reduce the number of deaths in disasters is to get the medical/
surgical “boots on the ground” at a disaster site before the injured have died of 
potentially survivable injuries. The most dramatic example in recent disasters 
is the Haiti earthquake of 2010. The Executive Director of Partners for Health, 
Ophelia Dahl, estimated that upwards of 20,000 people with survivable injuries 
died every day the first week following the Haiti earthquake because there were 
no surgical facilities available (to treat fractures, blunt and penetrating trauma, 
head injuries, etc.) [6]. It is informative that the first and only such international 
medical response team with surgical capabilities to arrive in Port-au-Prince 
within 24 h was the Icelandic Association for Search and Rescue, a group always 
ready for immediate deployment [7].

Why has disaster response been so ineffective in saving those victims with 
survivable injuries? Some reasons are the following:

1.	 Disasters typically are relatively rare occurrences in any specific location. 
Unlike the medical problems addressed by the healthcare system on a 
day-to-day basis—from chronic diseases such as diabetes, obesity and 
hypertension to acute events such as pregnancy, motor vehicle injuries 
and strokes—unless one lives in an earthquake-prone area (e.g. Japan, 
Chile) or a cyclone/hurricane/typhoon-prone area (e.g. the Caribbean, 
the Western Pacific), one is unlikely to experience a major disaster on 
more than a very occasional basis. Healthcare resources are likely to be 
spent on more frequent (if relatively benign) events such as the common 
cold, urinary tract infections and pneumonia than on very rare (but usu-
ally fatal) events such as Jacob-Creutzfeldt disease, cardiac arrest and the 
Ebola virus (apart from episodes like the current Ebola crisis).

2.	 Disasters are usually unpredictable. It is difficult to commit resources to 
an adverse event that occurs rarely and (given our lack of understanding 
of the aetiology) seemingly randomly. In the traditional healthcare sys-
tem, there is, for example, more “bang for the buck” in maternal prenatal 
care than in screening the population for potential sudden cardiac arrest.

3.	 Disasters by their very nature evoke a humanitarian response. This falls 
outside the typical definition of a government’s responsibility to its citi-
zens (security, education, basic health care etc.). Because disasters are 
unpredictable and unpreventable, they fall “between the cracks” of tra-
ditional government agencies. The responsibility for disaster response 
is often delegated—perhaps “relegated” is more accurate—to religious 
and/or non-governmental groups (e.g. the Red Cross and Red Crescent, 
Médecins Sans Frontières).
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4.	 Finally—but likely most importantly—disaster response as currently 
configured requires the coordination of various government agencies in 
order to be implemented. The time required for administrative approv-
als to initiate a disaster response when multiple agencies are involved is 
incompatible with saving the lives of those who have suffered survivable 
injuries but who require prompt (i.e. within hours, not days or weeks) 
medical care.

International organizations such as the UN and the World Health 
Organization (WHO) not only have documented the high cost of disasters—
both in economic terms and in lives lost, as noted above—but also have cre-
ated a multitude of agencies to react to disasters. The United Nations Strategy 
for Disaster Reduction (UNISDR)—just one of several UN agencies charged 
with disaster response—has a considerable bureaucracy as evidenced in 
Figure 1.2 [8]. 
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The WHO timeline for disaster response, which consists of 23 performance 
standards, highlights the problem with the current procedures for disaster 
response. It is not until day 3 (performance standard 7) that “the arrival in-coun-
try of a team of experienced professionals” is expected. Moreover, the WHO 
performance standards are concerned almost exclusively with administrative 
not medical issues and the timely production of reports rather than the timely 
saving of lives [9].

An example of administrative bureaucracy paralyzing disaster response 
comes from Japan (which likely has one of the most robust disaster response 
programs). In early 2011—before the Fukushima earthquake and tsunami—the 
Japanese Air Self Defense Force ( JASDF) had created what was essentially a 
three-bed mobile intensive care unit (the Aeromedical Evacuation Squadron—
AMES), specifically for events such as the Fukushima disaster. Ironically, 
between April 2011 and April 2014, the AMES unit was used on only ten occa-
sions. All of these ten missions involved the transport of a single patient (not 
the three patients the AMES is capable of transporting), none of whom was a 
disaster victim: the diagnoses ranged from hepatorenal failure to acute cardiac 
conditions. The reasons cited by members of the JASDF for the failure to use the 
AMES in disaster response included the following [10]:

1.	 The prefecture government’s “name recognition” of the AMES availabil-
ity for disaster response was low.

2.	 The prefecture government was unable to notify JASDF of the need for 
the AMES in a timely manner.

3.	 The need for the JASDF to provide supplies to the disaster site was a 
higher priority than the use of the AMES for transport of critically 
injured patients.

Another organization that has provided extensive disaster response in the 
Asia-Pacific region is the Australian Defense Force Air Medical Evacuation 
group (ADF AME). Based on over a decade of disaster response missions, the 
ADF AME suggested the following improvements are needed [11]:

1.	 A “short notice to move” structure is needed, i.e. rather than responding 
to each disaster with a “mission”, the AME needs to have an ongoing 
system in place for immediate deployment.

2.	 The ADF should be integrated seamlessly with civilian resources for 
disaster response.
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3.	 Multinational forums and agreements are needed to bring about regional 
integration of the disaster response teams amongst the various countries 
in the Asia-Pacific region.

1.2  DISASTER RESPONSE—THE GOOD, THE BAD AND THE 
OPPORTUNITY

On August 4, 2010—less than 6 months after the devastating earthquake and 
tsunami that struck south-central Chile—a man-made disaster struck northern 
Chile: the Copiapó mining accident. Thirty-three miners were trapped 2,300 
feet below the surface in the San José copper-gold mine. Seventeen days after 
the accident, it was discovered that the 33 miners were in fact alive in an under-
ground shelter. The Chilean government’s response included the rapid mobili-
zation of the following resources: virtually every Chilean government ministry, 
three international drilling rig teams and more than a dozen multinational cor-
porations, as well as the US National Aeronautics and Space Administration 
(NASA). On October 13, 2010—more than 2 months after the accident—this 
global rescue effort safely rescued all 33 miners [12].

The comparison of the loss of life from recent cyclones/ typhoons in south 
and southeast Asia is also informative (Table 1.1). With cyclones/hurricanes/
typhoons and similar meteorological disasters, there is—fortunately—more 
advanced warning than with geological disasters such as earthquakes and vol-
cano eruptions. In Cyclone Nargis, nearly 140,000 lives were lost; in Typhoon 
Haiyan 7,000; and in Cyclone Phailin, less than 50.

TABLE 1.1  Comparison of recent cyclones/typhoons in South and Southeast Asia 

Name Country Date Maximum wind 
speed (km/h)

Estimated deaths

Nargis Myanmar April 2008 215 ~140,000

Phailin India October 2013 260 <50

Haiyan Philippines November 2013 315 ~7,000

Estimated deaths from three recent cyclones/typhoons (from references [13-15] with permission).

What can account for the very high loss of life in Cyclone Nargis and the 
very low loss of life in Cyclone Phailin? Likely factors in Cyclone Nargis were the 
failure of the government to provide adequate warning and evacuation of those 
living in the Irrawaddy Delta, as well as the government’s failure in the early days 
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following Cyclone Nargis to allow international assistance to participate in the 
disaster response. In Cyclone Phailin, likely the primary reason for relatively 
little loss of life was the establishment in the Indian state of Odisha of 31 tele-
medicine stations that very effectively coordinated a heroic evacuation effort: 
upwards of 1.3 million people were moved to 600 storm shelters. The system for 
disaster response was already in place and not dependent on the approvals and 
coordination of various agencies for the response to be implemented.

Although disasters can be devastating, the devastation can be reduced 
dramatically by effective planning and immediate initiation of the disaster 
response—as demonstrated by the governments of Chile and India in the exam-
ples above. The fact that disasters do not respect the borders between countries, 
the political differences between governments and the socioeconomic, cul-
tural and religious differences amongst people make disaster response a unique 
opportunity to improve health care beyond merely reducing the morbidity and 
mortality of disasters. The need to respond immediately to a disaster eliminates 
the time for consideration of reasons why one should not do what is right from 
a humanitarian and moral aspect.

1.3  DISASTER RESPONSE—REQUIREMENTS, RESOURCES AND 
TECHNIQUES

Whether natural (e.g. earthquakes, typhoons and tsunamis) or man-made such 
as terrorist events (e.g. bombings or biosabotage) and large-scale accidents (e.g. 
airplane crashes or collapsed buildings), disasters not only physically damage 
large numbers of individuals, but they also damage or destroy the medical infra-
structure in the region affected by the disaster. A surgeon without basic imag-
ing/laboratory/blood bank, an operating room and support staff is useless. Not 
only are medical personnel needed (note that medical personnel in the disaster 
zone are not themselves immune from incapacitation or death from the disas-
ter), but the medical facilities and infrastructure needed to run the operating 
room must also be imported.

Some of the equipment needs for disaster response include:

•	 operating rooms (including anesthesia, instruments, sterilization, imag-
ing/laboratory/blood bank);

•	 electricity (generators);
•	 food and water;



10	 International Disaster Health Care

•	 sanitation and accommodation for both personnel;
•	 and patients.

Some of the personnel needs for disaster response include:

•	 operating room staff (anesthesiologist, surgeon, nurses, support staff)
•	 infrastructure staff (imaging/laboratory/blood bank) – supply teams 

(transporters, likely helicopter in most situations and logistics)
•	 social service and rehabilitation (for postoperative care of patients).

In summary, not only are medical resources such as hospitals and doctors, 
and local infrastructure such as clean water and electricity, likely to be unavail-
able in a major disaster but the access routes for supplies (notably highways, rail-
ways and airports) are likely to be destroyed or unserviceable as well. One must 
be able to import all necessary resources, usually by helicopter.

Immediate response to medical emergencies has typically been the province 
of the military in most countries. In the USA, the US Army has developed the 
mobile emergency unit (MEU), a cargo container that—in various configura-
tions—can serve as a self-contained operating room, recovery room and patient 
ward. Combined MEUs make up a combat support hospital, which parallels the 
civilian need for immediate medical resources in a disaster. The MEUs can be 
transported by helicopter (Figure 1.3). Other civilian non-governmental orga-
nizations such as the International Medical Corps (IMC) have similar self-con-
tained transportable operating room facilities for disaster response.

 
FIGURE 1.3  Chinook transport helicopter—payload 12,000 kg; range 1,100 km.
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The recent technological advances in portable medical equipment to support 
disaster response are impressive. Available presently are lightweight devices for 
the transport of liquid oxygen and its conversion to gaseous oxygen for patient 
use (Figure 4a), mass oxygen distribution systems for providing oxygen for up to 
150 casualty patients simultaneously (Figure 1.4b) and liquid oxygen generators 
for use in harsh remote environments (Figure 1.4c). For patient monitoring and 
cardiac defibrillation, small, lightweight devices are available that—in addition 
to defibrillation—can simultaneously monitor a 12-lead electrocardiogram, 
noninvasive blood pressure, end-tidal CO2, oxygen saturation, two temperature 
channels and three invasive pressures—with a 6-h battery life.

 

FIGURE 1.4  Lightweight devices for the transport of liquid oxygen and its conversion to 
gaseous oxygen for patient use. (a) 10-L Liquid Oxygen Converter (LOX)—full wt 20 kg—up to 
8,600 L of gaseous oxygen (courtesy of Essex Industries, St. Louis, MO, USA). (b) Mass Oxygen 
(LOX) Distribution System (MODS)—up to 64,500 L of gaseous oxygen (courtesy of Essex 
Industries, St. Louis, MO, USA). (c) Oxygen Generator and Liquifier (OGL)—generates 1 L of 
LOX per hour; generated LOX can fill MODS (b) (courtesy of Essex Industries, St. Louis, MO, 
USA).

Computerized tomography (CT) scanning is crucial in the evaluation and 
treatment of trauma patients. A 400-kg portable head CT scanner (CereTom®) 
has been developed by NeuroLogica Corporation (Danvers, MA, USA, see 
Figure 1.5a). The CereTom CT scanner has all basic capabilities (contrast CT, 
CT angiography and xenon perfusion CT), can be easily moved on rollers by 
one person and can be powered by a 12-V car battery using an inverter. A larger 
but still portable version for body CT scanning (BodyTom®) is also available. 
Figure 1.5b, C illustrate the BodyTom CT scanner in both operational (Figure 
1.5b) and transport mode in a containerized imaging room/operating room 
that can be airlifted to the disaster site (as shown in Figure 1.3). NeuroLogica 
Corporation has been acquired by Samsung Corporation, which should result 
in worldwide availability and support.
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FIGURE 1.5  Computerized tomography scanning in the evaluation and treatment of trauma 
patients. (a) Ceretom portable head CT scanner—can run on car battery with inverter (courtesy 
of NeuroLogica, Danvers, MA, USA). (b) BodyTom portable CT scanner in operational mode 
(portable imaging/operating theatre) (courtesy of NeuroLogica, Danvers, MA, USA). (c) 
BodyTom portable CT scanner in transport mode (portable imaging/operating theatre) (courtesy 
of NeuroLogica, Danvers, MA, USA).

Frequently, the resource that is most difficult to have immediately at the 
site of a disaster is the medical/surgical specialist, such as a trauma surgeon, an 
orthopaedic surgeon or a neurosurgeon. Telesurgery allows the remotely located 
medical specialist to be “virtually” present at the disaster site. Surgical proce-
dures unfamiliar to the “generalist” physician or the “first responder” emergency 
team at the disaster site can often be managed if the medical specialist (e.g. 
trauma surgeon) can act as a “virtual surgical assistant”. Vigilent Telesystems 
(Dorval, QC, Canada), with the assistance of the Canadian Government, has 
created a remote-control camera system for providing real-time specialist guid-
ance for physicians in remote clinics in northern Quebec (who may be 1,000 km 
or more from the nearest major medical center in Montreal or Quebec City). 
The telesystem consists of two remotely controlled robotic arms, each with a 
camera, which can be mounted on the ceiling of either a remote clinic or a por-
table operating room (MEU) (Figure 1.6a, b). A medical or surgical specialist, 
perhaps thousands of kilometres away, is able to control the cameras and interact 
verbally with the medical personnel at the disaster site, much as an attending 
surgeon might supervise a junior colleague in training. A portable, briefcase-
sized, battery-powered, remotely controlled camera is being developed to allow 
continuous visual (vital sign etc.) monitoring of a trauma patient from the site 
of injury when the first responders arrive on the scene, in the ambulance or heli-
copter, to the trauma hospital and the operating room. The remotely located 
medical/surgical specialist could thus monitor and direct the care of a trauma 
patient from the scene of injury to definitive in-hospital treatment at either a 
medical center or a disaster response MEU. Such a portable remote monitoring 
device is functional wherever there is Internet access.
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FIGURE 1.6  Remote-control camera system for providing real-time specialist guidance for 
physicians in remote clinics. (a) Top—overview of two ceiling-mounted remote-control cameras 
in emergency room. Bottom left—closeup of mobile arm + camera. Bottom right—closeup 
of mobile camera. (courtesy of Vigilent Telesystems, Dorval, QC, Canada). (b) Schematic of 
emergency room and remote trauma surgeon for “telesurgery” (courtesy of Vigilent Telesystems, 
Dorval, QC, Canada). (c) Photo of portable, handheld remote-control camera system (courtesy 
of Vigilent Telesystems, Dorval, QC, Canada).

Perhaps the best example of a major telemedicine program developed with 
the efficient use of resources in mind is the Apollo Telemedicine Networking 
Foundation (ATNF), which is part of the Apollo Healthcare System in India. 
The ATNF president, Krishnan Ganapathy, is a neurosurgeon in Chennai who 
has spearheaded the development of a telemedicine system not only to support 
health care throughout India but also to provide teleconsulting services on a 



14	 International Disaster Health Care

daily basis to other countries in the region and additionally to over 20 sub-Saha-
ran African countries [16].

1.4  DISASTER RESPONSE—LESSONS FROM TRAUMA AND 
STROKE CENTERS

Decades ago, it was documented that prompt medical/ surgical treatment for 
both trauma and stroke victims resulted in improved outcomes. Thus having 
hospitals and medical centers with 24/7 availability of the personnel needed 
to treat trauma and stroke victims (either in-house or on-call for immediate 
response) became the norm in developed countries. Recent reports confirm the 
advantage of trauma and stroke centers for patient outcomes. Regarding trauma 
centers, a recent study considered over 6,000 severely injured motor vehicle acci-
dent victims who were initially taken either to a trauma center or to a nontrauma 
center (and transferred to a trauma center with 24 h for more definitive care) 
[17]. Nearly half of the victims (45%) were taken directly to a trauma center, and 
more than half of those taken initially to a non-trauma center were transferred 
to a trauma center within 24 h (57% of the non-trauma center patients). Those 
patients who were initially triaged to a non-trauma center had a 30% increase in 
mortality at 48 h after injury than those who were initially triaged to a trauma 
center. Regarding stroke centers, a study of all patients in Finland who suffered 
an ischemic stroke 1999–2006 (more than 60,000 patients) considered whether 
the patient was treated in a general hospital or in a stroke center (primary or 
comprehensive) [18]. The case-fatality rate by 1 year for patients treated in a 
stroke center was less than 18%, while for those treated in a general hospital, 
it was over 27%; the percentage of patients treated in a stroke center who were 
home at 1 year was over 73%, while for those treated in a general hospital, it was 
less than 60%.

What can be learned from the trauma and stroke center systems to improve 
disaster response? The key to the success of the trauma/stroke center model is 
that it is fully integrated into the ongoing healthcare system. A trauma or stroke 
patient is treated in a manner identical to any other patient requiring medical 
care; there is no separate or parallel delivery system for trauma/stroke care. 
From medical student education to the rehabilitation phase of patient care, the 
treatment of trauma/stroke patients—and the trauma/stroke center concept—
has been completely integrated into the ongoing healthcare delivery and educa-
tion system. There is no separate administration or bureaucracy whose approval 
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must be sought before treating a trauma or stroke patient. Clearly, if there were 
such a separate bureaucracy or authorization process, the resulting delays in care 
delivery would render useless any potential advantages of having the trauma/ 
stroke medical personnel in place.

1.5  DISASTER RESPONSE—CREATING OPPORTUNITY FROM 
UNPREDICTABLE, UNPREVENTABLE AND IMPERSONAL 
MEDICINE

There are other significant advantages to integrating disaster response into the 
ongoing healthcare delivery and educations system—beyond the immediate 
response necessary to achieve improved morbidity and mortality in disaster 
situations. One of the major goals of many international medical/surgical orga-
nizations—organizations often composed of the individual national or regional 
medical/surgical societies—is the standardization of medical/surgical educa-
tion and training across nations, as well as the standardization of certification 
of trainees for licensure in their given specialty. Neurosurgery is a specialty inti-
mately involved in disaster response and will be considered here with regard to 
benefits beyond improved patient outcomes in disasters. However, the points 
made below apply to other specialties ranging from emergency medicine to 
anesthesiology to trauma surgery to orthopaedics, etc.

The primary global neurosurgical organization is the World Federation of 
Neurosurgical Societies (WFNS), which consists of five continental neuro-
surgical associations, e.g. the European Association of Neurosurgical Societies 
(EANS), 114 national neurosurgical societies and five affiliate societies, in 
total involving 30,000 neurosurgeons worldwide. To quote from the WFNS 
website [19]:

“The WFNS aspires to promote global improvement in neurosurgical care. The 
mission of the WFNS is to work together with our member societies to improve 
worldwide neurosurgical care, training and research to benefit our patients. ...The 
purpose of this Federation shall be the advancement of neurological surgery in all 
of its aspects by...promoting, implementing and improving minimum and higher 
standards of neurosurgical care and training worldwide.”

To date, neurosurgical training and certification for practice as a neuro-
surgeon has taken place at the country level. An exception to this has been the 
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creation by the WFNS of 19 regional international training centers such as the 
WFNS-sponsored neurosurgical training center for young African neurosur-
geons in Rabat, Morocco, that began in 2002.

The EANS has taken the lead in unifying neurosurgical education, training 
and certification by offering courses that provide continuing medical education 
throughout the European Union as well as written and oral certification exami-
nations (similar to the US board certification process) that are also recognized 
throughout the European Union. Individual neurosurgical training programs 
anywhere in the European Union can apply to become an EANS-accredited 
neurosurgical training program. A global disaster response system would 
address one of the primary purposes of worldwide medical/surgical societies 
such as the WFNS—the establishment of universal high- standard medical/sur-
gical training.

The advantages of such a global disaster response system for the goals of 
multinational medical/surgical organizations such as the WFNS and EANS 
include:

1.	 Global standards for medical education and training
2.	 Global standards for medical certification of competency and licensure
3.	 The exchange of in-training (residents/registrars) and senior physi-

cians/surgeons that becomes possible with global standards
4.	 The camaraderie amongst physicians/surgeons worldwide that results 

from such personnel exchanges
5.	 The benefits on medical/surgical demography worldwide that result 

from such personnel exchanges
6.	 The world-class research opportunities that result from global disaster 

response—a platform for a global approach to understanding medical/
surgical problems ranging from trauma to post-disaster infections and 
psychological disorders

1.6  DISASTER RESPONSE—IMPLEMENTING AND 
INTEGRATING THE DRC INTO ONGOING HEALTH CARE

We have seen that the trauma/stroke center model of integration into the ongo-
ing healthcare delivery and education structure can result in improved patient 
outcomes in local (and national) trauma/stroke events. “Immediate” is one 
key word in these programs that require timely response—the equipment 
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and personnel must be ready on a moment’s notice “24/7” to provide care. 
“Integration” is the other key word in the success of these programs that require 
timely response—not a response conditional on administrative authorizations 
by even one agency (let alone the multitude of agencies even in a single country) 
that are required for a disaster response at present. Eliminating the administra-
tive “middleman” (actually “middlemen”, “middle persons” or “middle bureau-
cracy” is more accurate) in trauma/ stroke centers has saved countless lives 
over the past several decades. The time has come to apply this model to disaster 
response—which requires a multinational/ regional (and ideally global) inte-
gration of the immediate response seen in trauma/stroke centers.

How can such a global disaster response program be initiated? To be effec-
tive, a disaster response center (DRC) must be located within a reasonable 
distance/ time from any potential disaster site. Practically speaking for helicop-
ter transport of the portable operating room and other resources, this means 
within roughly 2,000 km (the range of a transport helicopter with one refuel-
ling stop—in effect about 10 h transport time). This would allow an operating 
room to be functional at a disaster site within 24 h of a disaster, although with 
an increasing number of DRCs and improvements—with practice—in the time 
necessary to set up the operating room and other resources at the disaster site, 
the time from notification to medical/surgical support should be decreased to 
12 h or less.

To be within 2,000 km of most of the world’s population (in regions whose 
health care can be considered less than “developed”), one would need at least 
four DRC sites: centrally located in both (1) South America and (2) Africa, as 
well as (3) Central Asia and (4) Southeast Asia. Two of these regions have advo-
cates who are willing to spearhead an effort to establish their respective DRCs:

1.	 In Iquique (Northern Chile), the medical center has the support of 
Leonidas Quintana and his involvement with the Chilean Ministry of 
Health. Iquique is quite well situated to provide timely disaster response 
for most of South America.

2.	 In Peshawar (Northwest Pakistan), Tariq Khan has a particular back-
ground and interest in neurotrauma (he has been active in the WFNS 
Neurotraumatology Committee), has had a well-equipped hospital built 
in Peshawar and also has involvement with the Pakistani Ministry of 
Health (including the development of a Trauma Registry for Pakistan). 
Peshawar is quite well situated to provide timely disaster response for 
most of Central Asia.
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Some of the issues to be addressed for establishing a DRC:

1.	 Staffing: Ideally, the DRC medical staff (physicians, nurses) is com-
posed of both in-country and out-of-country (likely mostly developed 
country) staff. Various organizations can provide volunteer physicians 
from all specialties to staff a DRC, for example, the International Medical 
Volunteers Association (IMVA), the Health Volunteers Overseas 
(HVO—US-based), Operation Giving Back (OGB—for surgeons, 
affiliated with the American College of Surgeons) and the Foundation 
for International Education in Neurological Surgery (FIENS—for neu-
rosurgeons). For continuity, it may be desirable to emulate the FIENS 
“Twinning” program—where a university medical center in a developed 
country partners with a medical center in a developing country for the 
purpose of providing experienced healthcare personnel as mentors and 
colleagues over an extended period of time. Another ideal aspect would 
be for in-training physicians (residents/registrars) from developed 
countries to receive training at a DRC (for 3 to 12 months), which in a 
“twinning” situation could involve residents/registrars from the devel-
oping country DRC spending an equivalent period at the partner devel-
oped country medical center.

2.	 Licensure and certification: As noted above, within the global neu-
rosurgical community, the EANS has taken the lead in cross-border 
standardization of licensure and certification in the European Union. 
A similar worldwide standard for licensure could be implemented for 
disaster response. Note that such licensure/certification would not be 
an unrestricted permanent (or renewable) licence to practice medicine 
in another country—but only a licence to practice during the period 
of disaster response (and the period when the physician or nurse is in 
another country for training purposes, e.g. as a volunteer at the DRC).

3.	 Equipment/devices/drugs/supplies: There are long-term benefits for 
the companies that support DRCs, from pharmaceutical companies 
to medical device and equipment manufacturers. Markets for medical 
equipment and drugs are approaching saturation in developed countries; 
the ability of a DRC to “fast forward” the development of the healthcare 
“market” in a developing region will not be overlooked by these compa-
nies. Because of the public relations benefits of humanitarian support 
of a DRC, companies will be eager to donate equipment, devices, drugs 
and supplies to the DRC, particularly in the initial stages. The favorable 
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tax consequences of such humanitarian medical donations are very per-
suasive as well.

4.	 Funding: The out-of-country healthcare personnel (physicians, nurses 
etc.) would be volunteers, and much of the equipment/devices/drugs/
supplies initially provided on a humanitarian basis by medical com-
panies shrewd enough to realize the huge healthcare growth potential 
in a developing country/region with a DRC. Support would gradu-
ally—after, say, the first 2 years—fall increasingly on the host country 
healthcare system, as the benefits of the DRC for the health of the popu-
lation in the DRC’s “catchment area” became obvious. Oversight by the 
involved organizations would establish the milestones for transition to a 
self-sustaining DRC.

5.	 Administrative approval or sanction: Once the various organizations 
agreed on the format and timeline for the implementation of the DRC 
concept (appropriate branches of the UN and WHO, host country and 
regional health ministries, international NGOs, international medical 
volunteer societies and physician/nursing organizations etc.), there 
would be significant “pressure” on local healthcare authorities to par-
ticipate productively in the DRC. Although the local healthcare person-
nel may initially resent the intrusion represented by a DRC integrated 
into their medical center, the DRC represents a “win-win” for all par-
ties involved. Soliciting local input on the particulars of the DRC in a 
given locale can be productive from the standpoints of both cost (more 
economical implementation) and politics (less local resistance to a new 
program). The benefits of learning efficient healthcare delivery from 
developing countries (versus assuming the developed countries have 
knowledge of all the best healthcare policies) have been catalogued by 
Nigel Crisp (who headed the National Health Service in the UK from 
2001 to 2006) [20]. An ongoing, worldwide healthcare project such 
as the disaster response DRC should not represent a threat to even the 
most reclusive government. The devastating consequences of Cyclone 
Nargis in Myanmar in 2008 can be avoided everywhere in the world if 
disaster response is understood as a global humanitarian effort and not a 
potential espionage or subversive “photo-op”.
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1.7  CONCLUSIONS: DISASTER RESPONSE—BENEFITS OF 
PREDICTABLE, PREVENTABLE AND PERSONALIZED DISASTER 
MEDICINE

We conclude by summarizing the unique aspects and unique benefits of the 
disaster response center. Unique aspects:

1.	 Like trauma and stroke centers, the DRC is completely integrated into 
the ongoing healthcare system. The response to a disaster is identical 
to the response presently in a trauma center when an injured patient is 
identified or in a stroke center when a stroke patient is identified: the 
resources and personnel are immediately available to respond to the 
medical need—without any administrative approvals.

2.	 The DRC equipment and personnel, being completely integrated into 
the ongoing healthcare system, serve to augment the local healthcare 
resources during the non-disaster times. This can make the DRC quite 
cost-effective, especially given the equipment and personnel that will be 
forthcoming to create such a valuable healthcare resource for the entire 
region in the time of disaster and more locally for the other times. This 
parallels the trauma/stroke center model—where patients in urgent 
need of the specialized equipment and personnel of the trauma/stroke 
center are triaged there immediately, while patients with other less inten-
sive medical problems are cared for in centers without such resources.

3.	 The humanitarian aspect of disaster response will make approaching 
governments for regional to global cooperation feasible. It will also make 
donations or discounts of drugs, devices, equipment and supplies from 
manufacturers more practical. Medical volunteer organizations will 
have the opportunity to staff simultaneously both ongoing health care in 
underserved regions as well as disaster response.

4.	 Telemedicine/telesurgery is an integral part of the DRC concept; the 
diffusion of telemedicine/ telesurgery throughout the world would 
advance rapidly in support of the DRC mission (during both disaster 
response and daily healthcare delivery).

Unique benefits:

1.	 The loss of life including patients with survivable injuries who die from 
delay of medical/surgical treatment that is routinely experienced today 
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during and immediately following disasters both natural and man-made 
would be significantly decreased.

2.	 Daily health care in regions around a DRC would improve dramatically 
from the infusion of healthcare resources that comes with the DRC.

3.	 The level of healthcare delivery and medical education would improve in 
developing countries as they partner with healthcare delivery and medical 
education in developed countries to staff the DRC. Medical knowledge 
would flow the other way also, as the healthcare personnel from the devel-
oped countries learn techniques regarding efficient and effective health-
care delivery and medical education from their local counterparts [20].

4.	 Medical education and training, and licensure and certification, would 
all tend toward a global standard given the cross-border aspects of disas-
ter response and the DRC. International healthcare agencies such as the 
WHO would assist international medical societies (e.g. for neurosur-
gery, the WFNS) develop uniform worldwide training and certification 
standards, using input from member specialists in both developed and 
developing countries.

5.	 Regional and global cooperation on disaster response amongst govern-
ments that might not be able to agree on many other issues can have, 
over time, profound effects on breaking down barrier in related areas 
such as general education (e.g. regional/global standards for high school 
and university diplomas) and trade (e.g. multinational companies whose 
products extend beyond health care narrowly defined, such as Johnson 
& Johnson, Siemens, General Electric, Samsung).

6.	 The long-term positive effects of camaraderie amongst healthcare 
professionals from both developed and developing countries working 
together on a daily basis—especially the junior and in-training person-
nel who are likely to benefit most from experiencing different social, 
political and religious points of view—are difficult to overestimate.

7.	 The DRC will be an unparalleled global research platform to study not 
only trauma but also related issues ranging from infection and sanitation 
to rehabilitation and post-traumatic stress.

We conclude with the observation, noted at the outset, by the UN World 
Conference on Disaster Reduction a decade ago [5]:

“We have the knowledge for disaster reduction, what we need is the action. The 
most important condition for disaster reduction is the political commitment to 
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remove the institutional barriers and integrate disaster risk reduction in the strat-
egies and programmes for sustainable development...”

Unpredictable, unpreventable and impersonal disasters—anywhere in the 
world—can be leveraged into a predictable medical response, with preventable 
consequences on morbidity and mortality and personal benefits far beyond that 
reduction in individual morbidity and mortality. Integrating disaster response 
seamlessly into the healthcare training and delivery system worldwide will have 
socioeconomic effects far beyond the individual lives saved—institutional bar-
riers to universal health care, education and global development will erode in 
the face of the humanitarian benefits for everyone. The lack of political commit-
ment is not an option—we can no longer afford not to act.

REFERENCES

1.	 US Geological Survey: Earthquake facts and statistics. Available from: http://earthquake.
usgs.gov/earthquakes/. Accessed November 15, 2014.

2.	 Wikipedia: List of natural disasters by death toll. Available from: http://en.wikipedia.org/
wiki/List_of_natural_disasters_by_death_toll. Accessed November 15, 2014.

3.	 UNISDR + WMO: Disaster risk and resilience – thematic think piece. UN System Task 
Team on the Post-2015 UN Development Agenda, May, 2012. Available from: http://www.
unisdr.org. Accessed September 5, 2014.

4.	 United Nations: Implementation of the international strategy for disaster reduction: report 
of the Secretary-General. United Nations General Assembly, August 14, 2013.

5.	 Nations U. World Conference on Disaster Risk Reduction: Proceedings of the Conference, 
UN/ISDR. 2005.

6.	 CBS News 60 Minutes 18 Jan 2010. @katiecouric: Disaster in Haiti. Available from: http://
www.cbsnews.com/videos/katiecouric-disaster-in-haiti/. Accessed March 30, 2014.

7.	 Nordic World AS. The Icelandic Search and Rescue Teams: Haiti Response. Available from: 
http://www.nordicworld.tv/. Accessed March 30, 2014.

8.	 UNISDR organigramme. Available from: http://www.unisdr.org. Accessed September 5, 
2014.

9.	 WHO Emergency Response Framework 2013: WHO performance standards. Available 
from: http://www.who.int. Accessed September 5, 2014.

10.	 Daisuke Y, Shoichi T, Naruo K, Kei K, Asao K. Air evacuation missions in the great east-
Japan earthquake. Japan Air Self Defense Force presentation at the Aerospace Medical 
Association Annual Meeting: San Diego; 2014.

11.	 Smart T. Designed for war, honed in disaster: ADF AME in the Asia-Pacific region. 
Australian Defense Force Air Medical Evacuation presentation at the Aerospace Medical 
Association Annual Meeting: San Diego; 2014.
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2.1  INTRODUCTION

Natural and man-made disasters are a global concern, with the potential to dis-
place, kill, and injure large numbers of people, disrupt health systems, devastate 
food, water, and energy supplies, shatter economies, and cause massive destruc-
tion of infrastructure [1]. Recent major disasters include the Haiti earthquake 
(2010), the tsunami and radiation leaks in Japan (2011), Superstorm Sandy 
affecting North America (2012), and typhoon Haiyan in the Philippines (2013). 
The chronic fragile situation in countries such as Afghanistan over the last few 
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decades and, more recently, the conflict in Syria can be considered man-made 
disasters. There are many less high-profile disasters, such as landslides in Uganda, 
mudslides in Bolivia, and floods in Burkina Faso. Disasters pose serious threats to 
health, and the lack of evidence base in disaster health response has been interna-
tionally recognised, for example after the 2010 Haiti earthquake [2].

Even if it is not possible to predict the specifics of disasters, they happen regu-
larly and can be prepared for. The level of evidence in the disaster health response 
should be the same as for other health settings. A needs assessment survey by 
Evidence Aid (Box 1) gathered information on the views and attitudes towards 
systematic reviews of people involved in planning for, and responding to, disas-
ters [3]. It showed that research evidence could play a central role in improving 
the effectiveness of international assistance in the planning, delivery, and recov-
ery phases of a disaster [4]. In this paper, we discuss how disaster health interven-
tions and decision making can benefit from an evidence-based approach, similar 
to other healthcare settings, and outline how methodologically sound research 
can build a much-needed evidence base (Box 2, Box 3, Box 4).

BOX 1.  OUTLINE OF THE EVIDENCE AID INITIATIVE

Evidence Aid (www.evidenceaid.org) is an initiative that tries to improve 
the quality of evidence and seeks to identify which, if any, systematic 
reviews from the thousands available in The Cochrane Database of 
Systematic Reviews and elsewhere are relevant to the disaster context, and 
which unanswered questions should be tackled in new reviews. The aim 
of Evidence Aid is to improve access to evidence on how to intervene and 
the eventual effects before, during, and after natural disasters and other 
humanitarian emergencies, so as to improve health-related outcomes.

BOX 2.  DO ELECTRIC FANS REDUCE ADVERSE HEALTH 
EFFECTS DURING HEAT WAVES?

Since 2000, an estimated 150,000 people have died in heat waves across 
the world. The frequency and severity of heat waves are expected to 
increase in the future. Electric fans have been available for decades, and are 
widely used globally. A recent Cochrane Review sought to determine how 
their use affects important health outcomes during heat waves [26]. The 
review revealed substantial gaps in research in the international published 

http://www.evidenceaid.org
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and unpublished literature about the use of electric fans during heat waves, 
and was unable to provide robust guidance to health policy makers in sup-
port of electric fans. Instead, it recommends the conduct of randomised 
trials and includes the design of a trial to assess the effects of electric fans 
on health outcomes during heat waves. This first Evidence Aid review is an 
example of a systematic review that highlights knowledge gaps in impor-
tant disaster health areas and might provide a basis for methodologically 
sound research, be it randomised or observational.

BOX 3.  WHAT ARE THE EFFECTS OF INTERVENTIONS TO 
IMPROVE THE MICROBIAL QUALITY OF DRINKING WATER 
FOR PREVENTING ENDEMIC DIARRHOEA?

Diarrhoea causes more than 40% of the deaths in disasters and refugee 
camp settings. A review identified that interventions to improve water 
quality at a household level are more effective than those at the source of 
the water [27]. This finding led to changes in policy, with the implementa-
tion of measures to safeguard the quality of water at the household level, 
along with the provision of safe water in emergencies. The Red Cross now 
includes a hygiene education component on the treatment and storage of 
water at the household level in the training of local volunteers in affected 
populations. In the decade from 2005–2015, the inclusion of this house-
hold intervention in the emergency programme is estimated to protect the 
health of a substantial number of people affected by disasters, perhaps as 
many as nine million people around the world.

BOX 4.  SYSTEMATIC REVIEWS FOR MATERNAL AND CHILD 
NUTRITION INTERVENTIONS

The Lancet series on Maternal and Child Undernutrition in 2008 and 
2013 are good examples of how the use of systematic reviews could help 
the humanitarian aid community to be informed about the effectiveness 
of health-related interventions. The Maternal and Child Undernutrition 
Series have included some high-quality systematic reviews to analyse 
whether the evidence for specific nutrition interventions exists or is 
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unclear. Some Cochrane reviews suggested that vitamin A supplementa-
tion reduced allcause mortality by 24% and diarrhoearelated mortality by 
28% in children aged 6–59 months [28], intermittent iron supplementa-
tion to children younger than 2 years reduced the risk of anaemia by 49% 
and iron deficiency by 76% [29], and zinc supplementation in pregnancy 
resulted in a 14% reduction in preterm birth [30]. Reviews that suggested 
no or small effects of nutrition interventions included zinc supplementa-
tion in addition to antibiotics in children with severe and nonsevere pneu-
monia. Zinc supplementation did not have a significant effect on clinical 
recovery or duration of hospital stay [31], and the effectiveness of vitamin 
D supplementation in pregnancy revealed little evidence of benefits on 
functional pregnancy outcomes [32].

2.2  DISASTERS: DEFINITION AND CONTEXTUAL ISSUES

For this paper, we use the definition of the United Nations Office for Disaster 
Risk Reduction: “A [disaster is a] serious disruption of the functioning of a 
community or a society involving widespread human, material, economic or 
environmental losses and impacts, which exceeds the ability of the affected 
community or society to cope using its own resources” [5]. This definition does 
not differentiate between natural and man-made disasters, but from the health 
point of view the definition implies that a disaster is any health emergency that 
requires a scaled-up response through external assistance to temporarily substi-
tute or support affected health systems.

Disasters may be the result of a sudden event such as an earthquake or a 
protracted cause such as malnutrition caused by famine. They may be related 
to epidemics or armed conflict. Often, disasters are caused by a combination of 
many factors, both natural and man-made, and take place in challenging politi-
cal environments [6]. Health effects vary depending on the type of disaster, 
as well as the context (e.g., geographic, cultural, economic, political) in which 
it occurs (see for example the PLOS Currents: Disasters series on the human 
impact of cyclones, floods, earthquakes, tsunamis, and volcanoes [7]). For 
example, the burden of disease is strikingly different after earthquakes and tsu-
namis. Typically, earthquakes cause large numbers of injured in comparison to 
the numbers of dead, whereas tsunamis either kill people or leave them almost 
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physically unscathed. If we compare Japan's 1995 earthquake with the tsunami 
in 2011, there was a distinct difference in the numbers of injured and dead: in 
1995, there were 6.8 injured for every death, whereas in 2011 there were only 0.3 
injured for every death [8].

Disasters in low-income countries are more likely to cause higher mortal-
ity and morbidity than those in middle– and high-income settings, due to 
a variety of reasons that include higher vulnerabilities of the population, and 
weaker health systems infrastructure with limited or no surge capacity. However, 
since the Balkan conflict in the 1990s and with the “Arab Spring,” disasters are 
more frequent in middle-income countries than in the past. To care for people 
affected by disasters in resource-limited countries, external assistance from 
elsewhere in the same country is often not enough and international health 
assistance may be needed. This “humanitarian assistance” is often guided by 
voluntary spirit. Whereas domestic assistance for a disaster will usually oper-
ate under defined laws and accountabilities, no such framework exists for inter-
national assistance [9]. Furthermore, there are no acknowledged professional 
standards or evidence-based guidelines for international health assistance [9], 
although the Foreign Medical Teams Working Group under the Global Health 
Cluster recently released its “Classification and Minimum Standards for Foreign 
Medical Teams in Sudden Onset Disasters” [10]. However, adherence to these 
standards is voluntary just as to the Sphere standards established in 1998 [11].

2.3  EVIDENCE FOR HEALTHCARE INTERVENTIONS IN 
DISASTERS

Healthcare providers in disasters need readily accessible, reliable, up-to-date 
information on interventions that might be considered in the context of disas-
ters. The concept of improving health through evidence-based interventions has 
a strong foundation in the evidence-based healthcare approach [12]. The best 
available evidence has been defined as the results of methodologically sound 
basic and patient-centred clinical research [13]. Systematic reviews of such 
research, including both qualitative and quantitative studies, combined with 
knowledge about local values, preferences, and feasibility, are needed to allow 
people to make well-informed decisions and choices about interventions and 
actions. In addition, there is a need to apply the evidence generated by patient-
centred clinical research to the real world—to bridge the “know-do” gap through 
operational research [14].



30	 International Disaster Health Care

Whereas systematic reviews are widely used for improving health in general, 
their role in improving health in the context of disasters is still in its infancy, but 
the fundamental principles of systematic reviews still apply. Systematic reviews 
can be used to highlight which interventions work, which do not work, which 
need more research, and which, no matter how well intentioned, might be harm-
ful. In the context of systematic reviews for health interventions in disasters, it 
is important to remember the challenges associated with transferring evidence 
from one setting to another [15], and to consider the role of “realist reviews,” 
which seek to identify the context-mechanism-outcome, or “CMO,” configura-
tion of interventions [16]. Also, the availability of contextual summaries and 
translations in different languages is important along with other means of shar-
ing knowledge, perhaps including audio podcasts and videos.

2.4  OUR PROPOSAL

Currently, research on disaster health interventions is scarce, as shown recently 
by Blanchet et al. [17]. Effort is needed to strengthen and expand the available 
evidence, and although randomised controlled trials may be practically difficult 
to conduct in disasters, other methodologies such as cohort and interrupted 
time-series studies could be used to address the full scope of interventions tar-
geted at improving health in disasters. Systematic reviews for disaster health 
interventions need to take this general lack of a published evidence base into 
account. At this stage, we foresee two crucial, albeit initial, contributions that 
systematic reviews can make to health decision making in disasters. First, by 
collating and analysing the existing research, systematic reviews improve access 
to the available evidence for disaster health interventions and decision making. 
Second, systematic reviews identify knowledge gaps by showing that answers to 
relevant questions are not available. These knowledge gaps can then be targeted 
by new studies.

We use management of limb crush injuries in earthquakes as a concrete 
example of how systematic reviews could inform disaster health decision mak-
ing. The international health response to the 2010 Haiti earthquake resulted 
in many calls for an evidence-based approach to limb management after crush 
injury. Although initial reports are likely to have given too crude a picture of 
the situation, Haiti was referred to as a “nation of amputees” [18]. The 2011 
Humanitarian Action Summit led to a consensus statement from the surgical 
working group on managing limb amputations in disasters [19]. This example 
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highlights two things. First, the performance of limb amputations after earth-
quakes has, up until now, been a largely subjective decision. Second, objective 
measures and tools are needed to guide decision making, such as outcome pre-
diction models, but there is a lack of evidence regarding such tools in the earth-
quake context.

In this example, we argue that a first step would be a systematic review to 
identify existing tools to grade the severity and predict outcomes of crush-
injured limbs. Such a review could be performed according to the Cochrane 
methods for a diagnostic test accuracy review [20]. The review team would ide-
ally include both people involved in health response to disasters and research-
ers with experience of systematic reviews. The next step would be to assess the 
potential usefulness of these tools in disasters, potentially through a combina-
tion of validation studies and consensus meetings. A validation study of tools to 
grade injury severity could be designed as a prospective cohort study and inte-
grated into existing systems for operational research in health response agencies. 
The proposed predictors would be collected along with relevant and feasible 
outcomes, such as mortality and functional status, at different time endpoints. 
In addition to its potential as a clinical decision-making aid, a tool to grade injury 
severity might also help with transparency and accountability in decisions about 
management, including amputation, helping surgeons to show how their man-
agement decisions were based on best available evidence.

2.5  REMAINING CHALLENGES

Strengthening the evidence base to improve health care in disasters entails work 
on several fronts. First, a continuous dialogue is needed with the international 
disaster health community about the role of evidence in disasters and how best 
to produce and provide it. In health care, systematic reviews of randomised trials 
are generally considered the highest level of evidence for investigating the effects 
of interventions [21], but such trials can rarely be implemented in disasters due 
to ethical, logistical, and practical challenges [22]. Conducting research in the 
aftermath of disasters may be perceived as distracting from the primary objec-
tives of saving lives and speeding recovery; however, this perception must be 
weighed against the need for proven and effective interventions that save the 
largest number of lives with the limited resources and capacities that are gener-
ally available in disasters. As research is the best way to determine which inter-
ventions are likely to be most effective, it can be argued that not conducting 
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scientifically robust research following a disaster is unethical [23]. Second, exist-
ing systematic reviews need to be identified and made available in a free, eas-
ily accessible format. Third, effective knowledge transfer is needed to help the 
international disaster health community to identify, conduct, and use research, 
including systematic reviews. Fourth, better understanding is needed of how 
people make decisions about interventions—how they combine the best avail-
able evidence with contextual, cultural, organisational, and stakeholder issues—
and the optimal ways of doing this. Fifth, funding needs to be ensured through 
special grants, such as the Enhancing Learning and Research for Humanitarian 
Assistance (ELRHA) Rapid Response Grant [24].

In conclusion, there needs to be a paradigm shift in healthcare decision mak-
ing in disaster preparedness and response, moving towards a reliable and robust 
evidence base for all interventions being considered in disaster risk reduction, 
planning, response, and recovery. Evidence Aid presents an opportunity for all 
those involved in disaster response to collaborate in developing and enacting the 
best available evidence, so as to ensure that they have the best knowledge needed 
to decide how to respond in the worst of times.
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3.1  BACKGROUND

Since the outbreak of severe acute respiratory syndrome (SARS) in 2003 and 
the Wenchuan earthquake in 2008, substantial resources have been devoted to 
improving disaster resilience in China, with a particular emphasis on mitigating 
the impact of wide-spread infectious diseases and mass casualty incidents [1, 
2]. Adequate progress can only be achieved by integrating local, provincial, and 
national systems [3]. Health systems are essential to enhance disaster resilience, 
and therefore planning at all levels should include health care facilities, such as 
tertiary hospitals, primary health care facilities, public health departments, and 
emergency medical services [4]. Within regional health systems, tertiary hospi-
tals are the key component, as they are the main providers of health care during 
disasters. They also provide leadership during response phase of a disaster, and 
represent a critical linkage for disaster management for the whole system.

During disasters, hospitals need to withstand the event, whilst being able to 
maintain and surge their medical capacity, in order to respond to sudden and 
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significant increases in health demand [5–7]. Resilience is an emerging con-
cept that has recently been added to the disaster management context, which 
describes this ability [8–10]. The resilience of hospitals can be defined as their 
ability to resist, absorb, and respond to the shock of disasters while maintaining 
critical functionality, and then to recover to their original state or adapt to a new 
one [8–12].

China is afflicted by many kinds of disasters, including natural disasters, 
manmade disasters and pandemics. Its population size amplifies the impact 
of these disasters on health and wellbeing. To date, few studies have evaluated 
the level of hospital disaster preparedness and management arrangement in 
China [13–16]. Moreover, standardised or consistent methods for describing 
and measuring hospital resilience or relevant comprehensive ability are lack-
ing [17]. Understanding the status of hospital disaster resilience is the first step 
in planning to enhance effective emergency response of hospitals. This article 
aims to explore the current status of disaster resilience in tertiary hospitals in 
Shandong Province. It has four objectives: (1) to identify the current status of 
tertiary hospitals’ ability to cope with disasters in the Province; (2) offer refer-
ences for similar studies; (3) to test the construct validity and the utility of an 
emerging framework as a basis for understanding and measuring hospital disas-
ter resilience; and (4) to identify any variability in hospital disaster resilience in 
Shandong Province using this framework, in order to inform a more cohesive 
approach to health authorities and hospital managers.

3.2  METHODS

The survey questionnaire used in this study was developed from an established 
framework of hospital disaster resilience. The framework was derived from anal-
ysis of existing literature and through a three-round of Modified-Delphi con-
sultation with key experts in China [18]. The resultant questionnaire consists 
of 9 sections and 166 items (the framework and questionnaire can be found in 
Appendix 3.1 and 3.2). Most questions are in the format of binary variables, and 
can be answered by “yes” or “no”. The relevant framework and questionnaire are 
found in the Appendices.

The feasibility and suitability of the questionnaire were tested by a pilot 
study of three hospitals (n = 3). For the purpose of this study, we collected 
and analyzed the data focused on the following areas of interest: (1) hospital 
demographic data; (2) hospital internal safety (e.g., infrastructural safety and 
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strategies for infectious diseases); (3) emergency leadership and cooperation; 
(4) disaster plan; (5) disaster stockpile and logistics management; (6) emer-
gency staff; (7) emergency critical care capability (e.g., on-site rescue, hospital 
treatment, surge capacity); (8) training and drills; (9) and disaster recovery 
mechanism. Excluding the first section of the survey which addressed demo-
graphic information, Sections 2–9 (covering 161 survey questions) represent 
the eight key domains of the established evaluation framework of hospital 
disaster resilience.

A tertiary hospital is defined as cross-regional facility providing compre-
hensive and specialized medical care. In China they are further classified into 
subgroups: Grade A, Grade B, and Grade C according to their service levels, 
size, medical technology, medical equipment, management and medical qual-
ity [19]. Shandong province is the second largest province and is located in the 
east of China. In this study, a cross-sectional survey was conducted in tertiary 
hospitals of Shandong province in China. A total of 50 tertiary hospitals in 
Shandong Province were selected using stratified random sampling according to 
their subgroups (i.e., Grade A, B, C). The sample was composed of 28 tertiary A 
hospitals, 20 tertiary B hospitals and 2 tertiary C hospitals, which was selected 
using the contact list obtained from the Provincial health department. Between 
January 2013 and June 2013, the questionnaire accompanied by an official let-
ter from the provincial health department stating the importance of the survey 
was sent to these hospitals. Each hospital was asked to designate a department 
director to be responsible for coordinating the completion of the questionnaire. 
Ethical approval was obtained from Queensland University of Technology 
(approval number 1200000170) and written informed consent obtained from 
each participant hospital.

Each returned questionnaire was reviewed for its completeness and consis-
tency. For those questionnaires which were incomplete and/or contained incon-
sistent responses follow-up telephone calls were made to ensure completeness 
and consistency. The data from returned questionnaires were then transferred 
into a database, which was set up using Microsoft office access 2007. Data was 
checked, cleaned, and analysed using SPSS Statistics version 21. As the study 
was conducted in China, the Chinese language was used to capture responses, 
but the results subsequently were translated into English for final analysis and 
reporting.

A score was assigned for the binary variables (e.g., “is there”). Two options of 
“yes” or “no” are assigned to the score of “1”or “0” respectively. Then, the scores 
of each domain were calculated by adding together the score of all the relevant 
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questions. A total score was calculated by summing the score across all eight 
domains, which is a proxy for measuring disaster resilience in an institution. The 
higher the total score, the better the hospital’s disaster resilience.

Further analyses were conducted to understand the correlation between 
resilience domains and the descriptive information about the hospitals. A mean 
score and ninety-five percent confidence interval of means (95% CI) were used 
to describe each resilience domain. Comparisons of the mean score of each 
resilience domain among different hospital categorizes were performed, with 
p < 0.05 as the level of statistical significance. Due to the small sample, non-
parameter test (Mann–Whitney Test) was used as the statistical method. Factor 
Analysis was used to test the construct validity of the evaluation framework by 
extracting key factors of disaster resilience from the different domains. Most 
variables in this study were analysed using descriptive statistics such as frequen-
cies and percentage.

3.3  RESULTS

A response rate of 82% (n = 41) was attained. After analysis of the data from these 
41 hospitals, it was found that the eight domains of disaster resilience have good 
overall internal statistical consistency (Cronbach alpha = 0.780). A compari-
son of these domains among different categories of hospitals is shown in Table 
3.1. The mean score of each domain of tertiary grade A hospitals was higher 
than that of tertiary grade B separately, and statistical difference was confirmed 
among most domains. The mean score of general hospitals was higher than that 
of specialized hospitals in most domains. However, only the statistical difference 
among two domains was tested. The mean score of hospitals that were assigned 
the mission of regional disaster rescue was higher than those hospitals without 
this mission. Statistical difference among most domains was tested. In addition, 
most of the hospitals (92.3%) that has been assigned missions were tertiary A 
hospitals in the sample.

Factor Analysis (using Initial Component Matrix, and Rotated Component 
Matrix by Varimax with Kaiser Normalization) was chosen to extract key factors 
of disaster resilience from the eight different domains [20]. After analysis, a four 
factor solution was identified that can be used to represent all the domains. The 
score of each factor was obtained by regression analysis applied to the sample. 
According to Table 3.2, each factor score of the hospital sample can be expressed 
using the following modelling:
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41 TABLE 1  Comparison of eight domains of hospital resilience, categorized by different characteristics of hospitals, Shandong, China, 2012

Var.   No. Domains

      Leadership Plan Stockpile Safety Critical care Staff Training Recovery

      Mean 95% 
CI

Mean 95% 
CI

Mean 95% 
CI

Mean 95% 
CI

Mean 95% 
CI

Mean 95% CI Mean 95% 
CI

Mean 95% 
CI

Level Tertiary A 27 5.78 6.22 2.26 8.07 9.34 10.59 8.98 0.89

      5.35,6.21 * 5.81,6.64 * 1.98,2.54 * 7.44,8.70 * 7.53,11.16 8.16,13.02 7.62,10.33 * 0.501.27 * 

  Tertiary B 14 4.43 3.36 1.29 6.93 8.71 10.29 5.32 0.07

      3.89,4.97 * 2.49,4.22 * 0.63,1.94 * 6.31,7.55 * 5.74,11.69 6.26,14.31 3.56,7.08 * −0.08,0.23 * 

Type General 27 5.52 5.11 2.00 7.63 10.49 12.77 8.27 0.67

    5.05,5.99 4.33,5.90 1.59,2.41 * 7.09,8.17 8.59,12.39 * 10.25,15.30 * 6.65,9.89 * 0.27,1.06 

Specialized 14 4.93 5.50 1.79 7.79 6.50 6.07 6.68 0.50

      4.23,5.63 4.63,6.37 1.27,2.30 * 6.72,8.85 4.55,8.45 * 4.18,7.96 * 5.17,8.20 * 0.12,0.88 

Disaster Assigned 13 6.23 6.46 2.38 8.23 11.77 14.23 11.06 1.23

Mission     5.57,6.89 * 5.62,7.30 * 2.08,2.69 7.48,8.98 9.29,14.25 * 10.58,17.88 * 9.43,12.69 * 0.67,1.79 * 

No mission 28 4.89 4.68 1.71 7.43 7.90 8.74 6.18 0.32

      4.49,5.29 * 4.00,5.35 * 1.29,2.13 6.81,8.05 6.14,9.67 * 6.49,10.99 * 5.00,7.36 * 0.04,0.60 * 

Total 41 5.32 5.24 1.93 7.68 9.13 10.48 7.73 0.61

Emergency leadership and cooperation, (highest score = 7); disaster plan, (highest score = 7); disaster stockpile and logistics management, (highest 
score = 4); hospital safety, (highest score = 9); emergency critical care capability, (highest score = 19); emergency staff, (highest score = 17); trainings 
and drills (highest score = 15); recovery mechanism (highest score =3).
*P < 0.05; Tested by non-parameter test (Mann–Whitney Test).
MS, Mean score.
95% CI: 95% confidence interval of means.
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F1 =	 0.524X1+0.570X2
	 +0.191X3–0.080X4–0.220X5–0.083X6–0.147X7

	 +0.080X8

F2 =	 0.030X1–0.315X2+0.138X3+0.443X4

	 +0.182X5+0.659X6–0.214X7–0.211X8

F3 =	 –0.253X1–0.116X2+0.093X3+0.007X4

	 +0.364X5–0.318X6+0.936X7–0.199X8

F4 =	 –0.144X1+0.288X2–0.109X3–0.119X4

	 +0.148X5–0.167X6–0.148X7+0.972X8.

TABLE 3.2  Component score coefficient matrix

Domains Component factors

F1 F2 F3 F4

1.  Emergency critical care (X1) .524 .030 –.253 –.144

2.  Emergency staff (X2) .570 –.315 –.116 .288

3.  Emergency training and drills (X3) .191 .138 .093 –.109

4.  Crisis leadership and cooperation (X4) –.080 .443 .007 –.119

5.  Disaster plans (X5) –.220 .182 .364 .148

6.  Recovery (X6) –.083 .659 –.318 –.167

7.  Disaster stockpiles and logistics (X7) –.147 –.214 .936 –.148

8.  Hospital internal safety (X8) .080 –.211 –.199 .972

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

The four factors were identified and named as: hospital disaster medical care 
capability (F1), hospital disaster management mechanism (F2), hospital disas-
ter resources (F3) and hospital safety (F4). These four factors account compre-
hensively for the overall level of disaster resilience capability. The weight of each 
factor was assigned using the total variance from factor analysis (the weight of 
each factor is assigned by the proportion of the variance contribution of each 
principal to the cumulative variance contribution of the four primary factors) 
[20]. Then the evaluation model of hospital disaster resilience can be estab-
lished, and the overall level of hospital disaster resilience (F) can be calculated 
using the model as below:

F =	 0.615F1+0.202F2+0.103F3+0.080F4.
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The overall score of disaster resilience (F) for each hospital of this study 
can be calculated accordingly with their relative rank are listed as Table 3.3. Due 
to ethical issues, the hospital name is replaced with hospital ID in this study. 
According to Table 3.2, there are 20 hospitals whose average of comprehensive 
scores (F) were positive, which account for about 50% of all of the sample quan-
tity. It illustrated that the hospital disaster resilience in the province was still 
insufficient with a big difference among those sampled. Similarly, the score of 
each four factors (F1, F2, F3, and F4) can be calculated and ranked respectively 
according to Table 3.2, and thus to identify the score of factors which tend to 
be relatively lower in an area and should probably be the highest priority for 
strengthening resilience. As a result, it was found that in the study sample, the 
score of hospital disaster management mechanism (F2) was relatively lower than 
the other three factors with less than 50% of hospitals having positive scores. 
Below we describe in detail of the status of each of these four factors in tertiary 
hospitals of the study province.

TABLE 3.3  Overall score of hospital disaster resilience (F) and its rank in the hospital sample

ID F Rank ID F Rank ID F Rank ID F Rank

1 −0.554 32 11 −0.33 31 21 0.7885 5 31 −0.235 28

2 −0.997 37 12 0.482 11 22 0.3393 15 32 0.412 12

3 0.384 13 13 −0.195 26 23 1.120 1 33 0.0990 18

4 −0.206 27 14 −0.970 36 24 −0.093 23 34 0.733 7

5 −0.750 35 15 −1.189 41 25 0.095 19 35 0.331 16

6 −0.147 24 16 −1.126 40 26 −0.262 30 36 0.733 8

7 0.049 20 17 −1.005 38 27 −0.085 22 37 1.088 2

8 −0.239 29 18 −1.116 39 28 0.774 6 38 0.932 3

9 0.262 17 19 −0.04 21 29 0.623 9 39 −0.176 25

10 0.550 10 20 0.8624 4 30 −0.572 33 40 0.360 14

                  41 −0.729 34

3.3.1  Hospital Safety (Factor 1)

Most of the responding hospitals (92.7%) had developed syndromic surveillance 
systems for certain high risk of infectious diseases (e.g., SARS, Human H5N1 
Avian Flu, and Human H9N11 Avian Flu) and required that physicians on duty 
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report any suspicious cases to the hospitals’ presidents. 92.7% of responders 
had established a direct online reporting system to report suspicious cases and 
shared data with the local health authority. Most of responders (85.4%) could 
analysis surveillance data regularly.

Only 12.2% of all the responding hospitals had local risk evaluation for hos-
pital prevention and mitigation, and all of them are tertiary A hospitals. More 
than half (68.3%) had evaluated critical infrastructure vulnerability and safety 
standards. Yet, this percentage varied with 88.9% within tertiary A hospitals but 
only 28.6% within tertiary B hospitals. All the hospitals had considered construc-
tion safety standards for the risk of fire, and most (92.7%) had considered using 
isolated pathways and designated areas for infectious diseases. Comparatively, a 
relatively lower percentage had considered building to a higher standard or level 
of resistance than the local criteria for earthquake disasters (82.9%), and floods 
(73.2%). Almost all of them (97.6%) had strategies to evacuate and protect 
existing patients when the hospital is at risk, but only 61.0% reported to have 
alternative emergency energy and facilities for backup (including power, water, 
oxygen and telecommunication). The percentage having alternative backup was 
found different among tertiary A and tertiary B hospitals, with 74.1% and 35.7% 
respectively.

3.3.2  Hospital Disaster Management Mechanism (Factor 2)

All of the surveyed hospitals (100%) had a general plan for public emergencies. 
While only a small percentage (19.5%) had specific plans based on the specific 
requirements of a single hazard, this was 75% in tertiary A hospitals. The most 
common hazards identified in the specific plans are infectious diseases (92.7%), 
internal medical accidents (90.2%), and public health emergencies, such as 
occupational or food poisoning (73.2%). Only a small percentage had estab-
lished specific plans of dealing with natural disasters, such as fire (68.3%), earth-
quakes (48.8%), floods (36.6%), and even less for bio-terrorism and nuclear 
terrorism (31.7%). Regarding standard operating procedures, over four-fifths 
of the responding hospitals (85.4%) possessed a protocol to initiate the plan, 
so as to guarantee the availability of staff, equipment and resources, while less 
than three-quarters (73.2%) had a classification response system for different 
levels and different phases of events. Most hospitals (87.8%) reported that they 
could operate in accordance with the plan during disasters. Approximately half 
of them (51.2%) had evaluated and revised their emergency plan at least once 
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in the last two years, and a similar percentage (53.7%) reported the content of 
plans was disseminated by key staff through regular meetings or training.

Regarding the incident command system, all reported to have a command 
center and most (97.6%) had designated a specific department to be responsible 
for the relevant work. As for communication, 87.8% had coordinating meeting 
during emergencies with key staff from different hospital departments, and less 
(48.8%) had a public and mass media communication protocol, and less still 
(43.9%) had attended the local coordinating meeting with other emergency 
departments, such as CDC (Center for Disease Prevention and Control), pre-
hospital emergency system, healthcare facilities, blood and resource center, and 
local government. It was noteworthy that general hospitals did not appear to 
be obviously superior to specialized hospitals in disaster planning or coopera-
tion with other facilities. However, the hospitals with assigned rescue missions 
had better cooperation mechanisms, among them with 61.5% attended the local 
coordinating meeting, while a smaller percentage (42.9%) in other hospitals.

Less than half (48.8%) had after-event evaluation report to capture lessons 
to be learned, and to assist to evaluate hospital vulnerability, and adapt strate-
gies for improving future performance. However, a larger percentage (59.3%) of 
tertiary A hospitals had this evaluation report compared with tertiary B hospi-
tals (28.6%). Only 26.8% had specific channels of investing money, transferring 
staff, and purchasing equipment for recovery. Approximately one-fifth (19.5%) 
of hospitals indicated that they were involved or would be involved in the health 
related work of affected communities (e.g.., rehabilitation and psychological 
consultation, health evaluation and health intervention of the community).

3.3.3.  Hospital Disaster Resources (Factor 3)

Our results revealed that 75.6% of the participating hospitals had stockpiles of 
emergency drugs, and 43.9% had signed contracts with emergency drug-supplies 
to provide drugs during emergencies, only 22.0% had signed Memorandum of 
Understandings (MOUs) with other hospitals to share emergency drugs during 
emergencies. 48.8% had drug-distribution plans to identify distribution prior-
ity of drugs during crisis, and 41.5% could be able to load and deliver emer-
gency drugs for on-site rescue. With regards to other medical materials, 87.5% 
had stockpiles of emergency materials (e.g., food, water, stretcher, and tourni-
quet). But only 29.3% could share and obtain these materials from other hospi-
tals during emergencies. It was noteworthy that a greater percentage of tertiary 
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A hospitals had a signed Memorandum of Understandings (MOUs) to share 
emergency materials than tertiary B hospitals (42.9% among tertiary A and 
22.2% among tertiary B hospitals). To protect staff, some of the hospitals had 
biohazard protective suits (58.5%), goggles (63.4%), ventilator (73.2%), and 
N95 Masks (41.5%). Only 24.4% had purchased all the mentioned personal 
protective equipment (PPE). There was also a greater percentage of tertiary A 
hospitals had access to all PPE than tertiary B hospitals (33.3% among tertiary 
A and 7.1% among tertiary B).

3.3.4  Hospital Disaster Medical Care Capability (Factor 4)

The most important function of hospitals during emergencies is maintaining 
and surging services to ensure medical care for victims of disasters, either on-site 
or within hospitals. For onsite-rescue, most (92.7%) had their own ambulances, 
among them 73.7% had ward-type ambulances, but only 15.8% had access to 
a negative pressure isolation ambulance. Only two of them had their own res-
cue helicopters and access to a helicopter landing pad. More than half (65.8%) 
could dispatch emergency staff during disasters for the on-site rescue. About 
one third (31.7%) could organise an independent rescue team that is equipped 
with emergency package of supplies for living 3 days (including daily necessi-
ties, a set of emergency package, and first aid kit, et al.). Not surprisingly, among 
them most (92.3%) were tertiary A hospitals. Less than a quarter of the hospitals 
(22.0%) were equipped with portable medical equipment (e.g., portable breath-
ing machine, ECG monitoring machine, and the X-ray machine), and all of these 
hospitals were tertiary A. The rescue teams comprised physicians, nurses and 
administrative staff from various departments (e.g., surgery department, medi-
cine department, psychology department, infection control department and 
management department), and the dispatched staff number had a wide range 
from 13 persons to 103 persons. Over a third (36.6%) of the responding hos-
pitals had an on-site command vehicle and a similar proportion (39.0%) had 
on-site communication equipment for data transmission, video-audio connec-
tion, and remote consultation. However, only 4.88% hospitals had a ‘portable 
hospital’ or the capability to support field surgery, and other critical care in the 
field, which is similar to the function of ICU (using vehicles which are equipped 
with beds, and portable medical equipment).

For hospital treatment, 90.2% had emergency beds, 80.5% had isolation 
beds, and 65.9% had Intensive Care beds. In terms of capacity to treat patients 
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with different medical needs or case-mix 73.2% had orthopaedic beds, 56.1% 
had special beds for burns (e.g., suspension bed, emancipated beds) and 59.5% 
had hyperbaric oxygen chamber. While 73.2% had achieved capacity (e.g., space, 
beds and experts) for treating mass casualty of trauma, 73.2% for infectious dis-
eases, 48.8% for mass casualty of blast injury, gunshot wounds and crush injury, 
46.3% for acute chemical poisoning, only 17.1% could treat radiation issues. In 
this study mass casualty capacity refers to each hospital is to assess itself on its 
capacity to accept at least 30 patients of the same disease within a short period 
[21]. Most of the responding hospitals had medical care equipment, such as 
breathing machine (100%), vital signs monitors (100%), defibrillator machines 
(90.2%), and cardiac resuscitation devices (70.7%).

For surge capacity, 65.9% had prepared conditions (e.g., electricity, oxygen, 
water and space) to surge patient-care beds, while 53.7% had concrete surging 
plans, and among them 66.7% within tertiary A but only 28.6% within tertiary B 
hospitals. Only 36.6% adopted a wide variety of flexible procedures for surging 
their beds capacity, through early discharge of patients (85.4%), cancellation of 
elective admissions (63.4%), and transfer patients to primary health care and 
other facilities (61.0%). However, these hospitals can only surge 12.52% of their 
total beds within an average of 24 hours (3.76% used extra space, 8.76% could 
empty beds). Notably, of the14 tertiary B hospitals the surge capacity was even 
less, as claimed they could only surge 2.48% of their total beds within 24 hours. 
More than half (61.0%) had mass-casualty triage procedures for admission of 
patients who require urgent medical care during disasters, and 92% were tertiary 
A hospitals. Only a few (12.2%) could surge staff using a wide variety of flexible 
strategies, including recalling all the off work staff back to work (100%), rehiring 
retired staff (73.2%), suppling living places for staff (61.0%), training and trans-
ferring non-critical care staff to support critical care (41.5%), sharing staff from 
other hospitals (31.7%), and using volunteers or temporary employers (19.5%).

Disaster trainings and drills can be used regularly to improve hospital medi-
cal response efficiency. Most of the responding hospitals (95.1%) had disaster 
training programs and 53.7% had drills, to treat the following emergency types 
respectively, including: infectious disease (73.2%, 73.2%); mass casualty inci-
dents (53.7%, 48.8%), career poising and food poising (48.8%, 36.6%), and 
bio-terrorism and nuclear terrorism (14.6%, 7.3%). About 85.4% had train-
ing curriculums, and 90.2% updated them regularly. The content of training 
included cardiopulmonary resuscitation (97.3%), trachea cannulation (89.2%), 
basic skills for the treatment of trauma (63.6%), transfer of casualties (56.4%), 
disaster management (12.2%) and triage (12.2%). Approximately one-fifth 
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(19.5%) had attended community drills cooperating with the other emergency 
facilities. Among them, 25.9% within tertiary A hospitals and only 7.1% within 
tertiary B hospitals. All the hospitals that conducted such interagency drills were 
those that had been assigned rescue missions, and they accounted for 61.5% of 
the mission assigned hospitals.

3.4  DISCUSSION

This study has examined the utility of a comprehensive evaluation framework 
and its derived questionnaire for furthering the understanding and measure-
ment of the component parts of effective hospital resilience. There are 8 key 
domains of hospital resilience, and as a result four key factors were extracted 
from them. Among these factors, emergency medical care is the most important 
capability, while others (hospital safety, management mechanism, and disaster 
resources) are supporting capability to guarantee its continuity and surging. This 
framework of hospital resilience provides a starting point for integrating these 
key components of hospital resilience together into a comprehensive disaster 
management framework (including prevention, preparedness, responsiveness, 
and recovery and adaptation phases). It also seeks to make an achievable goal 
of improving hospital pre-disaster strength (robustness) and promoting rapid-
ity of response and recovery. This goal can be achieved through a wide range 
of management approaches including redundancy of processes and resources, 
and resourcefulness (or flexibility) of plans or strategies (i.e.: can be reflected by 
some key variables in the survey) [22–26].

Considerable variability in the scope of disaster resilience arrangement of 
hospitals in the Province was identified through a survey conducted using the 
self-report questionnaire. We have stratified our analyses by different level of 
hospitals. It was noticed that in some key areas (e.g., safety evaluation, planning 
and cooperation, MOUs, personal protective equipment, rescue, surge capacity 
and drills), there was a difference in disaster resilience arrangements between 
tertiary A and tertiary B hospitals. This may be due to different levels or types 
of hospitals having divergent functions in disasters. For example, most (92.3%) 
of the hospitals that have been assigned missions were tertiary A, and thus they 
should be more resilient to disasters for health service supply, and should have 
better arrangements in the above areas for disaster preparedness and response.

This paper offered a four-factor structure as a way of modelling the over-
all level of hospital resilience and the level of each factor independently. Thus 
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the questionnaire can be used to provide a helpful and comprehensive instru-
ment for assisting hospitals to assess their level of resilience at a regional or a 
district level in regard to disasters, and assist them in identifying areas for further 
strengthening their resilience capability through comparison with similar com-
ponents of other hospitals. The evaluation framework and its key measures in 
the questionnaire may inform the development of hospital resilience evaluation 
in other countries.

Similar indicators in this study can be compared with other studies, espe-
cially on hospital disaster preparedness and management [13, 16]. One sur-
vey has been conducted in 2005 to evaluate secondary and tertiary hospitals 
of Shandong [13]. Comparing its results, it was found that the percentage of 
most similar indicators in our study is reasonable higher, such as the percent-
ages of: syndromic surveillance systems, single-hazard disaster plans, public and 
mass media communication protocol, stockpiles of emergency resources, and 
training programs and drills. Thus, to some extent, it was validated the repre-
sentativeness of the sample in this study to reflect the status of the province. 
Additionally, it was found that hospital disaster preparedness in Shandong 
province is close to Beijing (the capital city), and it is above the average level 
of preparedness in China, due to economic factors and other factors [13]. It is 
expected that hospital disaster ability in many other parts of China may lag well 
behind that of Shandong province. Thus, understanding the status of hospital 
disaster resilience in this province can be used as the first step in planning effec-
tive hospital resilience.

After the SARS crisis, the preparedness of hospitals in China especially for 
infectious diseases has improved significantly [14]. Our survey revealed that 
these tertiary hospitals had devised disaster plans and command structures. 
Almost all of the surveyed hospitals possessed strategies to evacuate and protect 
existing patients when there is risk in hospitals. Most of them had syndromic 
surveillance systems. Many had different personal protective equipment and 
had relevant training programs. A large percentage of them had stockpiles of 
emergency drugs and resources and had the ability to accept more than 30 cases 
of infectious diseases within a short period.

These results also highlighted the following shortfall areas in current hospi-
tal disaster resilience in Shandong. Firstly, for disaster management mechanism, 
in US, nearly 67.9% had specific plans for all the essential individual hazards in 
2008 [27]. Comparatively, disaster plans in this Province of China had less con-
siderable scope for improving their preparedness for natural disasters, biologi-
cal, nuclear radiation and other terrorist attacks.
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Secondly, for disaster resources, simply stockpiling materials fails to 
achieve adequate hospital surge capacity, especially in the aftermath of a 
catastrophic disaster. The community should have functional inter-hospital 
arrangements to share personnel and resources [4]. In the US, nearly 87.8% of 
hospitals had MOUs with other hospitals to transfer general patients, 84.1% 
had contract with other agencies to share suppliers, and more than 70% of 
hospitals performed mass casualty drills with outside organizations [27]. 
However, in the Province of China, less than half of the responding hospitals 
had signed contracts with drug-supplies, and less than one third had signed 
MOUs with other hospitals to share resources and staff. Also less than half 
had attended the local coordinating meeting, and only one fifth had attended 
community-wide drills. The lack of cross-institutional interaction and coor-
dination would likely hinder the availability of resources in a community, and 
limit timely disaster response.

Finally, continuity of medical care is amongst the most important objec-
tives for prompt and effective response to emergencies. As the experience from 
developed courtiers, on-site rescue can be enhanced either through dispatched 
rescue teams (be equipped with living supplies for 3 to 5 days and portable med-
ical equipment) and advanced ‘portable hospitals’ (be equipped with various 
functional vehicles that can be used for operating surgery, accepting patients, 
on-site command and communication and etc.) [28]. However, there is still 
insufficiency of on-site medical rescue, especially a lack of “portability” of criti-
cal care service (i.e., patient transport and bringing care to the patient). These 
two models of on-site rescue still need to be further developed, as they are scal-
able, mobile and can surge medical care service significantly even after cata-
strophic disasters [28]. Additionally, medical care capability requires significant 
surge capacity during disasters, with a critical feature of hospital staffed beds 
[4]. In US, most hospitals had plans and flexible procedures for surging staffed 
beds [27]. Also it has been surveyed that in the hospitals of Kentucky, the surge 
capacity equal to 27% of licensed beds [29]. However, in this study, only less 
than one fourth of responding hospitals had a wide variety of flexible procedures 
for surging their beds and emergency staff. The surge capacity within 24 hours is 
12.52% of fixed beds, which is relatively low.

Cohesive approaches have been identified using the evaluation framework 
and its key variables. They can be used by hospital managers and health authori-
ties to enhance general practices to achieve effective disaster resilient. It also can 
used to assess hospitals, so as to identify the vulnerabilities and improve disaster 
capability further. These approaches include:
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•	 Hospital safety: (1) Evaluation of locally prioritized hazards, and enforce-
ment of safety standards that need to meet or exceed the local standards; 
[30, 31] (2) Evacuation plan in place and have special procedures to pro-
tect and evacuate vulnerable people when there is risk within the hospital.

•	 Disaster mechanism: (3) The existence of disaster plans that have been 
developed in advance of a disaster, taking into consideration the com-
munities’ resources, hazards and other unique factors; [2, 13] (4) The 
establishment of a specific department to take responsibility of incident 
command and control, crisis communication and cooperation, and after-
event recovery; [13] (5) Incorporation of the hospital into the overall 
local disaster planning, including inter-facility cooperation and alterna-
tive plans to transfer patients to other hospitals if the hospital is partly 
destroyed or become unusable [28];

•	 Disaster resources: (6) Stockpile of self-sufficient resources and emer-
gency drugs for at least 48 to 72 hours, so as to cope with major disasters 
initially; [32] (7) Establishment of MOUs with other hospitals for trans-
ferring patient and the sharing of staffing, equipment, and supplies; [4] A 
community-wide, integrated, inter-agency network should be built, with 
local hospitals working together to surge overall capacity collectively [33].

•	 Emergency medical care: (8) Transportation of the medical staff or 
transferring patients to hospitals in a timely manner, and the provision 
of medical care service on site, which can be in the form of rescue teams 
or ‘portable hospital’ especially during catastrophic disasters; [28] (9) 
Disaster surge planning should be devised in advance by adoption of a 
wide variety of flexible strategies (e.g., disaster triage, ability to surge 
beds and staff, ability to transfer patients, early discharge of patients) for 
surging medical demands from wide-spread infectious diseases or mass 
casualty incidents; [27, 33, 34] (10) Development of hospital internal 
conditions (e.g., space, beds, treatment protocols and on-call specialists) 
for treating patients according to type and magnitude of event(s); [13] 
(11) Systematic and ongoing training and drill staff for emergency medi-
cal care skills, equipment usage and disaster management skills in high 
risk communities [35].

The current study has several limitations. Firstly, the likelihood of non-
response bias was likely to exist. As a relatively larger percentage of tertiary A hos-
pitals replied to the survey than the tertiary B and tertiary C hospitals. Although 
two reminders were sent to the hospital coordinators, there were still 9 hospitals 
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who failed to attend the survey. The follow-up telephones demonstrated that 
they could not assign the responsible staff to fill the survey, or they are lack of rel-
evant data. Thus it is very possible that the 41 participating hospitals may have 
relatively good backgrounds of disaster rescue than other 9 nonparticipation 
hospitals. Also, we suspect that the participating hospitals are better prepared 
in terms of disaster management than the non-participating hospitals. Secondly, 
due to the sample size (n = 41), it was possible that not all the significant differ-
ence of the mean score of each domain was tested statistically between differ-
ent hospital categories (as illustrated in Table 3.1). Despite the limitation, the 
sample accounted for 52.1% of total hospitals that the study targeted, and did 
get a response rate over 80%. Thirdly, as the findings are self-reported by the 
respondents there may be a bias in their reporting. While the inclusion of official 
documents from Provincial Health Bureaus may have encouraged respondents 
to complete survey, this may have also been interpreted as an official assess-
ment, thus leading some hospital representatives to overestimate their capabil-
ity. Fourthly, due to ethical issues, the surveyed hospitals have to be anonymous 
which impedes comparison with their actual levels of preparedness. Finally, the 
study was undertaken only in one Province of China. And due to the limita-
tion of funding and investigation time, stratified sampling was used in this study 
rather than investigating all the tertiary hospitals.

3.5  CONCLUSIONS

This study has identified considerable variability in the scope of hospitals’ disas-
ter resilience arrangements in Shandong China. The difference between tertiary 
A and tertiary B hospitals was also identified in essential areas. A framework 
was presented which may assist hospitals to better understand what constitutes 
effective hospital resilience. The framework may also assist hospitals to under-
take a self-analysis or audit of their current plans and capacity, and to use this 
information for future planning. Clearly, more progress is still needed to improve 
hospital disaster resilience, especially the focus of community-wide disaster 
cooperation, on-site medical rescue, and hospital patient care surging capacity. 
It has been shown that hospitals need to take a more cohesive approach to be 
resilient in order to position themselves to be able to best cope with a potential 
disaster.
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APPENDIX 3.1

Framework of evaluating hospital disaster resilience Framework of evaluating 
hospital resilience after Modified-Delphi consensus [1-11]

Domains Sub-domains Measurable indicators 

Hospital safety[9-11] 1. Surveillance [1-9] 1.1 The surveillance events (e.g., 
abnormity in admission diagnosis, 
surveillance of emergency room patients 
and death with unknown causes)
1.2 Analysis, report and share of 
surveillance information

2. Hospital 
infrastructural safety 
and vulnerability [9-11]

2.1 Evaluation of hospital risks 
and vulnerabilities (e.g., Hospital 
vulnerability assessment, risks 
assessment, the strategy to evacuate and 
protect existing patients)
2.2 The safety standard for hospital 
critical infrastructures to meet of high 
risks (e.g., for earthquake, flood, fire and 
isolation for infectious diseases)
2.3 The alternative emergency energy 
and facilities for backup (e.g., power, 
water, oxygen and telecommunication)

Disaster leadership and 
cooperation [1-9]

3. Leadership [1-9] 3.1 Committee staff, workplace
4. Disaster 
cooperation [1-9]

4.1 The crisis cooperation within 
hospital
4.2 The cooperation with community 
facilities (e.g., other hospital facilities, 
government offices, media, and police, 
fire department, and other public 
utilities)

Disaster plans[1-9] 5. Plan system [1-9] 5.1 Plans for different kinds of disasters 
(for different single risk)
5.2 The staff coverage of disaster plans 
within hospital
5.3 The period of evaluating and 
revising the plan

6. Operating 
procedures to execute 
the plan [1]

6.1 The plan initiation (e.g., The rapidity 
for staff, equipment can be in place 
when initiating the plan)
6.2 The extent the plan can be execute
6.3 Different responsive procedures for 
different disaster levels and phases
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Domains Sub-domains Measurable indicators 

Disaster stockpiles 
and logistics 
management[1-9]

7. Disaster  
resources [1-9] 

7.1 The stock quantity and types for 
different emergency resources (e.g., 
clean water, food, blood, emergency 
medical suppliers, portable medical 
equipment )

7.2 The strategies for management of 
emergency resources(e.g. logistics and 
distribution, contracts with suppliers 
and other hospitals, adjusted standards 
for their usage)

8. Emergency 
medication [1, 3, 7, 9]

8.1 The stock quantity and types for 
essential medications for various 
disasters

8.2 The strategies for management of 
medications (e.g., drug-distribution 
plans, drug management policy)

Emergency staff [1, 5, 6, 9] 9. Constitution of 
emergency group [1, 9]

9.1 Staff constitution of emergency 
expert group (e.g., quantity, specialty, 
and title)

9.2 Staff constitution of emergency 
expatriate team (e.g., quantity, specialty, 
and title)

10. Staff  
management [9] 

10.1 Staff protection and incentives (e.g., 
insurance, immunization, psychosocial 
support)

Emergency trainings 
and drills[1-4, 6]

11. Emergency 
trainings [1-4]

11.1 Different incident types for 
trainings

11.2 The percentage of staff for training

11.3 The contents of trainings (e.g., 
triage, emergency medical treatment, 
disaster management knowledge)

11.4 The frequency of trainings
12. Emergency  
drill [1, 2, 4, 6]

12.1 Different incident types for drills

12.2 The methods for implementing 
drills (e.g., desktop drill, community-
wide drill)

12.3 The frequency of drills

APPENDIX 3.1  (Continued)
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Domains Sub-domains Measurable indicators 

Emergency critical care 
capacity [1, 4, 6, 9]

13. Disaster surge 
capacity [1, 4, 9]

13.1 Surge capacity of emergency 
space (The surge rapidity, proportion 
and strategies for emergency space, 
emergency beds)
13.2 Surge capacity of emergency 
resources (The surge rapidity, 
proportion and strategies for emergency 
equipment, medication and resource)
13.3 Surge capacity of emergency staff 
(The surge rapidity, proportion and 
strategies for emergency staff)

14. Disaster response 
procedures [6, 9]

14.1 Hospital internal rapid assessment 
(e.g., evaluate the loss of manpower, 
beds, equipment after disasters)
14.2 Hospital mass-casualty triage 
protocol
14.3 The procedures to identify, 
prioritize, and maintain essential 
functions(e.g., cancellation of elective 
admissions, early discharge of patients, 
making new medical quality standard 
during disasters, extra protection for 
vulnerable population)

15. On-site rescue [1, 6] 15.1 The quantity and types of 
equipment for on-site rescue
15.2 Equipment for referral and counter-
referral of special patients
15.3 Communication equipment for 
on-site rescue

16. Hospital  
treatment [1] 

16.1 Emergency medical treatment place 
and conditions
16.2 The types and quantity of 
hospital emergency medical treatment 
equipment
16.3 Equipment for different types of 
diseases

Recovery  
mechanism [9]

17. Recovery and 
report [9]

17.1 Hospital reconstruction and recovery 
mechanism
17.2 The strategies for community recovery
17.3 The evaluation report

APPENDIX 3.1  (Continued)
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APPENDIX 3.2  QUESTIONNAIRE (ENGLISH TRANSLATION 
VERSION)

Questionnaire for assessment of disaster resilience capability in tertiary 
hospitals of Shandong Province

Introduction note (please read first before filling the form)

1.	 Public emergencies and disasters in the questionnaire refer to events that 
suddenly happened and can cause serious impact to the society, which 
require emergency measures to be taken. These events include natural 
disasters (e.g., earthquakes, floods), disasters arising from accidents (e.g., 
transportation incidents, environmental pollution), public health incidents 
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(e.g., emerging infectious diseases, food poisoning) and public security 
incidents (e.g., terrorism).

2.	 Fill method: There are two types of questions: (1) choice questions: Unless 
it is marked with “this question has multiple choices”, these questions are 
single choice (i.e. select one answer), please choose the option that can 
meet the hospital’s situation, which is after each question (e.g., ①②③) / 
by tick “√”; (2) fill in the blank: please fill out the relevant data / content 
into the underscored place after each question. Note the logical question to 
jump to the next question.

3.	 Please be sure to complete the form within the required time. After its com-
pletion, please report them simultaneously both via e-mail and postal.

Thank you for your assistance and support to the investigation!

Hospital name                    fill date        month      date 2012

The informant (signature)            Audit dean (signature)          Official 
seal: (stamp)

A.	 The general situation relevant to emergency medicine

1.	 Hospital level: Tertiary (e.g., A, B, C).

2.	 Hospital location (in details to the county, city, and district):

3.	 Hospital attribution: ①government health administrative office 
②industry hospital ③others

4.	 Hospital type: ①general hospital ②specialty hospital ③others

5.	 Hospital mission: ①be assigned regional disaster rescue mission ②not-
assigned the mission

B.	 Hospital safety

6.	 Whether the hospital establishes a syndromic surveillance and early 
warning system for public health emergencies? ①Yes    ②No;

6.1	 The syndromic that need to be surveillance, report and early warn-
ing include:

6.2	 Whether develop and require that physicians on duty report any 
suspicious cases to the hospitals’ presidents? ①Yes    ②No;
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7.	 Whether the hospital has direct online reporting system of surveillance 
information and suspicious symptoms? ①Yes    ②No;

7.1	 Whether the hospital could analyze surveillance data regularly and 
share this system with the local health authority? ①Yes    ②No;

8.	 Is there any evaluation of types and impact of the potential risks to hos-
pitals in its location? ①Yes    ②No;

8.1	 When the disaster occurred, within the hospital is there any hazards 
identification system for different types of risks? ①Yes  ②No;

8.2	 When there is hospital internal risk, are there any strategies for hos-
pitals to evacuate and protect existing patients? ①Yes   ②No;

9.	 Is there any evaluation of the safety standards of hospital’s critical infra-
structures? (e.g., construction safety standards, safety level of resistance 
to earthquakes, fires and floods). ①Yes    ②No;

9.1	 If yes, were the critical infrastructures built to meet or excess the 
local criteria of resistance to earthquake? ①Yes    ②No;

9.2	 If yes, were the critical infrastructures built in a higher position in 
the area to prevent floods? ①Yes    ②No;

9.3	 If yes, was the critical medical equipment located in a higher level 
of the building to prevent floods? ①Yes    ②No;

9.4.	 If yes, is there any consideration of the safety standard for the risk 
of fire? ①Yes    ②No;

9.5	 If yes, is there any consideration of using isolated pathways and 
designated areas for infectious diseases within the hospital? ①Yes 
②No;

10.	 When disaster occurred, are there any alternative emergency energy and 
facilities for backup (including power, water, oxygen and telecommuni-
cation)? ①Yes    ②No;

C.	 Hospital disaster leadership and cooperation

11.	 Is there any disaster committee or disaster group within hospital that is 
responsible for public emergencies? ①Yes    ②No;

11.1	 Is there any official document that has been used to establish hos-
pital disaster committee or disaster group? ①Yes    ②No;



Disaster Resilience in Tertiary Hospitals: A Cross-Sectional	 61

12.	 Is there any department within the hospital that has been assigned 
responsibility for the work relevant to emergencies? ①Yes    ②No;

12.1	 Is there any official document that has been used to assign emer-
gency relevant work to this department? ①Yes    ②No;

13.	 Is there any coordinating meeting with key staff from different hospital 
departments during emergencies? ①Yes    ②No;

14.	 Is there any public and mass media communication protocol that can be 
used for communication during emergencies? ①Yes    ②No;

15.	 Has the hospital attended regional coordinating meeting with other 
emergency departments during emergencies, such as CDC (Center 
for Disease Prevention and Control), pre-hospital emergency system, 
healthcare facilities, blood and resource center, and local government? 
①Yes    ②No;

D.	 Hospital disaster plan

16.	 Is there any general disaster plan and relevant document in place for pre-
paredness of public emergencies? ①Yes   ②No;

16.1	 Please illustrate the document name of the disaster plan?

17.	 Are there any specific disaster plans based on the specific requirements 
of a single hazard, such as infectious diseases, internal medical accidents, 
public health emergencies, natural disasters, bio-terrorism and nuclear 
terrorism, and others? ①Yes    ②No;

17.1	 Please illustrate the document name of the specific disaster plans?

18.	 Is there any protocol to initiate the plan, so as to guarantee the hospital 
be in place to face emergencies immediately, (i.e., guarantee staff, equip-
ment and resources are in place immediately)? ①Yes   ②No;

19.	 From the experience of the hospital dealing with the past public emer-
gencies (i.e., mass casualty incident, disasters, pandemics), whether the 
hospital could operate in accordance with the disaster plan during emer-
gencies? ①Yes    ②No;

20.	 Is there any classification response system to cope with different levels 
and different phases of events? ①Yes    ②No;

21.	 Is there any evaluation and revision of the disaster plans in the last two 
years? ①Yes    ②No;
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22.	 Is there any dissemination of the content of disaster plans to the key staff 
(e.g., through regular meetings or training)? ①Yes    ②No;

E.	 Emergency stockpiles and logistics management

23.	 Are there any stockpiles of various types of emergency drugs within hos-
pitals? ①Yes    ②No;
23.1	 If yes, please illustrate the type names and quantities of these stock-

piled drugs?

24.	 Are there any stockpiles of various types of emergency materials (e.g., 
food, water, stretcher, and tourniquet)? ①Yes    ②No;

24.1	 If yes, please illustrate the type names and quantities of the stock-
piled materials?

24.2	 Whether the hospital has the following personal protective equip-
ment (PPE) (multi-choices)?

	 ①biohazard protective suits; ②goggles; ③ventilator; ④N95 
Masks

25.	 When there is mass casualty incident, whether the hospital could be able 
to load and deliver emergency drugs for on-site rescue? ①Yes   ②No;

25.1	 If yes, please illustrate the names and quantities of the emergency 
drugs that could be loaded and delivered for on-site rescue?

26.	 Whether the hospital has the following strategies for management of 
drugs and materials?

Strategies for management of drugs and materials? Yes No
26.1 �Drug-distribution plans to identify distribution 

priority of drugs during crisis □ □

26.2 �Signed contracts with emergency drug-supplies to 
provide drugs during emergencies □ □

26.3 �Signed Memorandum of Understandings (MOUs) 
with other hospitals to share emergency drugs during 
emergencies

□ □

26.4 �Share and obtain these materials from relevant 
industries during emergencies

□ □

26.5 �Share and obtain these materials from other hospitals 
during emergencies

□ □

26.6 Others: (please illustrate) □ □
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F.	 Emergency Staff

27.	 The constitute (i.e., specialty and numbers) of hospital experts group 
(refer to those members within the hospital that are involved in develop-
ment of the emergency plans and specific emergency medical treatment)

① General surgical treatment    persons, including senior persons;
② General medical treatment    persons, including senior    persons;
③ Neurosurgery persons, including senior    persons;
④ Bone surgery    persons, including senior    persons;
⑤ Burn persons, including senior    persons;
⑥ Psychological persons, including senior    persons;
⑦ Emergency Department persons, including senior    persons;
⑧ ICU persons, including senior    persons;
⑨ Nosocomial infections persons, including senior    persons;
⑩ Total experts    persons, including senior    persons;

28.	 Is there any emergency staff that could be dispatched during disasters 
for the on-site rescue? ①Yes    ②No;

	 If yes, please fill the constitute (i.e., specialty and numbers) of emer-
gency staff that can be dispatched

①	General surgical doctors,    persons, general surgical nurse 
     persons;

②	Therapeutic,    persons, general medical nurse    persons;
③	Neurosurgeon doctors    persons, neurosurgery nurses    persons;
④	Orthopedic surgeon doctors    persons, orthopedic surgeon nurse 

     persons;
⑤	Burn treatment doctors    persons, burn treatment nurses 

    persons;
⑥	Psychological doctors    persons;
⑦	Emergency department doctors    persons, emergency nurses 

    persons;
⑧	 ICU doctors    persons, ICU nurses    persons;
⑨	 Infections control doctors    persons, infections control nurses 

    persons;
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⑩	Manager people      persons, including managers      persons, 
information people      persons; logistics      persons; and other 
relevant personnel      persons

11 	 Total doctors persons, total nurses persons;

29.	 Whether the hospital has the following incentive and protective strate-
gies for management of emergency staff?

Incentive and protective strategies for emergency staff? Yes No

29.1 Incentive strategies for emergency staff □ □

29.2 �Vaccination for emergency staff and their family 
members

□ □

29.3 Insurance for emergency staff □ □

24.4 Others (please illustrate): □ □

30.	 Whether the hospital has the following incentive strategies? (Can be 
multiple-choices)

① increase the salary; ②increase the vacation; ③priority for hiring and 
position promotion; ④Honors; ⑤issue the grant

G.	 Emergency critical care capability

Hospital treatment

31.	 The total number of hospital beds    sheets;

31.1	 Among them, the number of licensed beds    sheets;

31.2	 The number of beds in emergency department or emergency care 
center    sheets;

31.3	 The number of isolation beds    sheets;

31.4	 The number of orthopedic beds    sheets;

31.5	 The number of suspension bed for burns    sheets;

31.6	 The number of emancipated bed for burns    sheets;

31.7	 The number of surgery rooms    ;

31.8	 The number of hyperbaric oxygen chambers    ;
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32.	 The number of intensive care beds    sheets;

32.1	 The number of breathing machines    ;

32.2	 The number of vital signs monitors    ;

32.3	 The number of defibrillator machines    ;

32.4	 The number of cardiac resuscitation devices    ;

32.5	 The number of CRRT devices    ;

33.	 Whether the hospital has capacity (e.g., space, beds and experts) for 
treating mass casualty of incidents (i.e., here mass casualty treatment 
capacity refers to each hospital is to assess itself on its capacity to 
accept at least 30 patients of the same disease within a short period)? 
①Yes   ②No;

33.1	 Whether the hospital has capacity (e.g., space, beds and experts) 
for treating general mass casualty of trauma? ①Yes    ②No;

33.2	 Whether the hospital has capacity (e.g., space, beds and experts) 
for treating mass casualty of infectious diseases? ①Yes    ②No;

33.3	 Whether the hospital has capacity (e.g., space, beds and experts) 
for treating mass casualty of blast injury, gunshot wounds and 
crush injury? ①Yes   ②No;

33.4	 Whether the hospital has capacity (e.g., space, beds and 
experts) for treating mass casualty of acute chemical poisoning? 
①Yes   ②No;

33.5	 Whether the hospital has capacity (e.g., space, beds and experts) 
for treating mass casualty of radiation issues? ①Yes    ②No;

Hospital surge capacity

34.	 When disaster occurs, is there any internal evaluation mechanism for 
rapid assessment of the available emergency resources and the disas-
ter losses? (i.e., manpower, equipment, number of emergency beds)?  
①Yes    ②No;

35.	 Are there any prepared spaces and conditions (e.g., electricity, oxygen, 
water, heat) in place to temporary surge numbers of emergency beds? 
①Yes    ②No;
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35.1	 If yes, are there any plans and work procedures for surging emer-
gency beds? ①Yes    ②No;

35.2	 The maximum surge capacity of emergency beds are    sheets 
(within 24 hours)

36.	 Are there any procedures and strategies to vacate part of the occupied 
emergency beds for treating the sick and wounded from emergency 
events according to the requirement? ①Yes    ②No;

36.1	 When emergency occurs, according to the instruction from health 
administrative departments and the actual situation of admitted 
patients, within 24 hours, the hospital can maximum vacate the 
occupied emergency beds of sheets?

37.	 Whether the hospital has a wide variety of flexible procedures for surg-
ing beds capacity when it faces the emergencies?

Surge procedures for emergency beds Yes No
37.1  cancellation of elective admissions □ □
37.2  early discharge of patients □ □
37.3 � transfer patients to primary health care and other 

facilities
□ □

37.4  others (please illustrate): □ □

38.	 Whether the hospital has a wide variety of flexible procedures for surg-
ing emergency staff capacity when it faces the emergencies?

Surge procedures for emergency staff Yes No
38.1 � training and transferring non-critical care staff to 

support critical care
□ □

38.2  recalling all the off-work staff back to work □ □
38.3  rehiring retired staff □ □
38.4  sharing staff from other hospitals □ □
38.5  using volunteers or temporary employers □ □
38.6  suppling living places for staff
38.7  others (please illustrate): □ □

39.	 Are there any mass-casualty triage procedures for admission of patients 
who require urgent critical care during disasters? ①Yes    ②No;



Disaster Resilience in Tertiary Hospitals: A Cross-Sectional	 67

On-site Rescue

40.	 Whether the hospital has its own ambulances? ①Yes   ②No;

40.1	 If yes, are there any ward-type ambulances? ①Yes   ②No;

40.2	 If yes, are there any negative pressure isolation ambulances? ①Yes 
②No;

40.3	 Whether the hospital has on-site command vehicle? ①Yes 
②No;

41.	 Whether the hospital has rescue helicopters and access to a helicopter 
landing pad? ①Yes   ②No;

42.	 Is there any on-site communication equipment for data transmission, 
video-audio connection, and remote consultation? ①Yes   ②No;

43.	 Whether the hospital could organise an independent rescue team 
that is equipped with emergency package of supplies for living 3 days 
(the teams include those health administrative departments or other 
departments assigned to construct based on the hospital)? ①Yes 
②No;

43.1	 If yes, please illustrate the number of staff for the rescue teams, and 
their departments and specialty:

43.2	 If yes, are the rescue teams equipped with portable medical equip-
ment equipped (e.g., portable breathing machine, ECG monitor-
ing machine, and the X-ray machine? ①Yes   ②No;

44.	 Whether the hospital has ‘portable hospital’ or the capability to support 
field surgery, and other critical care in the field, which is similar to the 
function of ICU (using vehicles which are equipped with beds and por-
table medical equipment)? ①Yes    ②No;

H.	 Emergency training and drills

45.	 Are there any disaster or emergency training programs? ①Yes   ②No;

46.	 Are there any disaster or emergency drills? ①Yes   ②No;

47.	 If yes, are there any disaster training programs and drills treating the fol-
lowing emergency types respectively during 2011-2012?
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Types for disaster training programs and drills has 
training

has 
drills

47.1  infectious disease □ □
47.2  mass casualty incidents (e.g., natural disasters) □ □
47.3  career poising and food poising □ □
47.4  bio-terrorism and nuclear terrorism □ □

48.	 Are there any disaster training curriculums? ①Yes   ②No;

48.1	 If yes, were the training curriculums updated regularly? ①Yes 
②No;

49.	 In 2011-2012, is there any emergency training including the following 
content?

Content of emergency trainings Yes No
49.1  basic skills for the treatment of trauma □ □
49.2  cardiopulmonary resuscitation □ □
49.3  trachea cannulation □ □
49.4  transfer of casualties □ □
49.5  triage □ □
49.6  disaster management □ □
49.7  others (please illustrate) : □ □

50.	 Is there any emergency or disaster training regularly every two years? 
①Yes ②No;

51.	 Are there any disaster drills regularly every two years? ①Yes   ②No;

52.	 Are there any drills the hospital cooperating with all the other emer-
gency facilities of the community? ①Yes   ②No;

I.	 Recovery and reconstruction

53.	 Is there any mechanism of after-event evaluation report? ①Yes   ②No;

53.1	 If yes, is the following content need to be included in the evalua-
tion report?
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Evaluation content Yes No
53.1  local high risks re-evaluation □ □
53.2  hospital capability evaluation □ □
53.3  hospital vulnerability evaluation □ □
53.4  experience and lessons that have been learned □ □
53.5  the adaptation strategies in the future □ □
53.6  others (please illustrate): □ □

54.	 Is there any special department that would be assigned to be responsible 
for the work relevant to recovery and reconstruction? ①Yes   ②No;

55.	 Are there any specific channels of investing money, transferring staff, 
and purchasing equipment for recovery phases after the event? ①Yes 
②No;

56.	 Whether the hospital has been involved or would be involved in the 
health related work of the affected communities?

Be involved in the health related work of the affected 
communities? 

Yes No

56.1 �be involved in the design of the recovery strategies 
for the community 

□ □

56.2  health evaluation of the community □ □
56.3  health intervention to the community □ □
56.4  rehabilitation for the victims □ □
55.5  psychological consultation for relevant people □ □
55.6  others (please illustrate): □ □
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4.1  BACKGROUND

The intersection between climate change, disasters, health and development 
is an area of concern for the development community [1-3]. A growing body 
of evidence links human-induced global warming to an increased number of 
observed extreme weather events, particularly heat waves and extremes in pre-
cipitation, with ‘plausible’ evidence for a link to an increased severe storm poten-
tial [4]. Projections for tropical cyclone frequency for the Pacific follow global 
trends—that is, less frequent, but more intense, tropical cyclones by the end of 
the 21st century [5]. There is growing political commitment to integrate health 
considerations into climate change mitigation and adaptation efforts, at differ-
ent national and regional levels, but these are still limited in the Pacific region 
[6]. Regional efforts to address climate change and health include the ‘Regional 
framework for action to protect human health from effects of climate change in 
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the Asia and Pacific region’ and the 2009 Pacific Islands Forum’s call for imme-
diate action to address climate change issues in Pacific Island Countries (PICs) 
[7]. These efforts were intended to guide regional and national action towards 
reducing the potential burden of diseases linked to the effects of climate change 
in the region. The World Health Organization (WHO) regional offices in South 
East Asia (SEARO) and Western Pacific (WPRO) have continued to engage in 
and support regional planning activities on climate change and health, result-
ing in recommendations for action by Member States and WHO secretariat [6]. 
One of the key priorities identified by regional stakeholders is the need for bet-
ter understanding of how climate change will impact on health system’s response 
to emergencies and disasters [8].

The health-care system is directly affected by disasters, and the community 
is reliant on this system to meet their health needs during and after disasters. It is 
therefore important that the health sector has adequate capacity to plan for and 
to respond to post-disaster needs [9,10]. The impact of disasters on population 
health requires a range of activities to be implemented by the health workforce, 
demanding various skills and competencies [9]. These include skills in emer-
gency surgery and medical care, rapid diagnosis, disease surveillance, prevention 
and containment, psychosocial support for affected communities, health educa-
tion and promotion, creating temporary facilities, conduct monitoring and eval-
uation, providing medical relief supply management/ control and other public 
health interventions [11-14]. Assessing the vulnerability of the health sector is 
essential in order to manage future risks, under a changing climate [2,15,16].

The purpose of this research was to assist in identifying factors for enhanc-
ing long-term adaptive capacity and thereby inform policy makers and disaster 
response practitioners on processes required for improved disaster response in 
the face of climate change. The research defined ‘adaptive capacity’ as the abil-
ity of a system to adjust to climate change (including climate variability and 
extremes), to moderate potential damages, to take advantage of opportunities, 
or to cope with the consequences [17]. As part of a wider research into the 
adaptive capacity of the full disaster response system, the capacity of the health 
sector across the four case study PIC countries was assessed. The concept of 
‘adaptive capacity’ is complex and contested, thus, the research team drew on 
literature across several relevant disciplines to define a range of potential key 
determinants of adaptive capacity to support exploration of the concept, and 
are further described in the Methods section. WHO asserts that the capacity of 
the health-care sector to respond to disasters is a determinant of overall adap-
tive capacity of human resources for health in disaster response in PICs [18,19]. 
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This paper looks closely at the health-care capacity of the PICs to respond to 
disaster under a changing and variable climate, based on findings from fieldwork 
and stakeholder interviews in Australia and four PICs: Cook Islands, Fiji, Samoa 
and Vanuatu.

4.2  METHODS

The research methods are described only briefly here, and may be found in 
detail elsewhere [20]. In summary, a qualitative research methodology was 
used, and included desktop reviews, individual and group interviews, and in-
country workshops. The research process was guided by a Project Reference 
Group (PRG) comprising key stakeholders in Australia and the Pacific as a form 
of structured stakeholder engagement and to guide the re- search process, out-
puts and uptake of results. The concept of adaptive capacity was used to identify 
the factors enabling and constraining individual organizations and the broader 
system of response [21].

A conceptual framework by Gero et al. [20] guided the research, leading to 
efforts to both define and understand the disaster response systems, and to iden-
tify the most significant determinants affecting adaptive capacity and how these 
might be influenced to reduce disaster impacts on responding agencies and the 
wider population. Specific determinants of adaptive capacity were used to assess 
the DRS, and were drawn from literature that spans Earth System Governance 
[22], climate change adaptation [23], health resources [1,18,19], resilience in 
institutions [24] and practice theory [25], several of which are applicable to the 
health-care setting.

Key determinants of adaptive capacity were identified as being inter-orga-
nizational, intra-organizational, objective and subjective. Among these, the 
intra-organizational—objective determinants of leadership, management and 
governance structures, technical capacity, tools, methods and approaches, 
health workforce education, training and continuing competence [18,26-29], 
human resource for health governance and management systems [18,19], are 
relevant to this paper.

4.2.1  Country Selection

Four PICs (Cook Islands, Fiji, Samoa and Vanuatu) were investigated in detail 
to provide more of a regional viewpoint. These countries were selected with 
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the aim to include a variety of geographical settings (including Melanesia and 
Polynesia), varied policy landscapes (regarding climate change, disaster and 
health-related policies and plans), a mix of countries with recent significant 
climate-driven disasters and those in the more distant past (relating to degrees 
of memory and levels of preparedness), and countries that experience tropical 
cyclones as an example of a rapid onset disaster. The scope of the study was 
limited to health-related humanitarian needs and as such researchers were inter-
ested in obtaining a mix of countries including high and low human resources 
for health (HRH) density. Development indicators (for example, varied Human 
Development Index—see UNDP 2011 [30]) were also used as a criterion for 
selection to include countries at different stages of development. A full account 
of the methodology and further background on each country can be found in 
Gero et al. [20].

4.2.2  Data Collection and Analysis

Relevant organizations in each country were identified with the assistance of 
the PRG, with additional organizations identified through a snowball sampling 
technique [31]. Over 90 interviews were undertaken with senior officials from 
government and non-government organizations (NGOs), UN agencies, donors 
and regional organizations involved in disaster response from Australia, New 
Zealand and the four PICs, during May to July 2012. The interview style, devel-
oped with the guidance of the PRG, was de- signed to appreciate the cultural 
differences and the need for flexibility when interviewing people from various 
cultural backgrounds. The semi-structured interview guide was informed by 
the conceptual framework. Examples of health-related questions are provided 
below as well as the range of organizations interviewed.

Examples of health-related questions:

1.	 How was the Ministry of Health involved in the coordination of in-
country health staff during the disaster?—if/how did this link in with 
incoming support?

2.	 How did incoming Australian or overseas support affect your organiza-
tion’s ability to respond?

3.	 How is the health sector involved in the decision-making process regard-
ing requesting external assistance? What role do they play?

4.	 Does your country have policies in place to coordinate HRH in times of 
disaster? Are there registration issues for incoming health professionals?
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5.	 How do you think the national system of disaster response will cope if 
disaster frequency and intensity increases?

Examples of organizations included in interviews:

Australian Organizations:

•	 AusAID
•	 The Australian Council for International Development (ACFID)
•	 The Australian Civil Military Centre
•	 Australian Defence Force
•	 Australian Red Cross
•	 NGOs including: Oxfam, World Vision, Save the Children, CARE, 

Caritas, Plan and RedR, ADRA

Pacific Organizations:

•	 National Disaster Management Offices
•	 National Climate Change Offices
•	 Ministries of Health, Environment, Finance, Foreign Affairs (among 

others)
•	 National Red Cross Societies
•	 Faith-based organizations
•	 NGOs of both local and international origin
•	 Donors (for example, AusAID, New Zealand Aid Programme)
•	 United Nations (UN) agencies
•	 Regional organizations (for example, Secretariat of the Pacific Community 

(SPC))

Following in-country work, key informant interview transcripts were sub-
jected to an inductive thematic analysis [32], for general patterns and emerg-
ing issues from participants’ explanations and descriptions [33]. Interview 
transcripts were coded for specific themes based on the conceptual framework, 
including triangulation of data from multiple sources [34] using the qualitative 
software NVivo 10. Written informed consent was obtained from all partici-
pants and only quotes from those who gave consent have been included in this 
report. This research was approved by the Human Research Ethics Committee 
of the University of Technology Sydney and by the Ministry of Health in each of 
the four PIC countries.
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4.3  RESULTS AND DISCUSSION

The findings presented are reflective of the intra-organizational objective deter-
minants of adaptive capacity which are specific to the health sector. The follow-
ing themes from the analysis of the findings are suggested as being essential for 
the health-care system, in the four case study PICs, to effectively adapt disaster 
response in the cli- mate change context. The three thematic areas are:

•	 Health workforce governance, policy and management;
•	 Health-care capacity and skills;
•	 Human resources for health training and workforce
•	 development.

A summary of key regional health-care capacity issues identified in the four 
PIC countries are grouped under these three areas and presented in Table 4.1. 
Critical aspects of each of the three areas are discussed in more detail in the fol-
lowing sections of the paper.

4.3.1  Health Workforce Governance, Management and Policy

Health workforce governance, policy and management are required for sustained 
workforce contributions to improved population health outcomes, including 
HRH capacities to address disasters [18,19]. Governance has been described 
as a determinant of adaptive capacity of the health sector for disaster response 
[1,35]. This requires clear policies and a cross-sectoral national coordination 
or formal mechanisms of governance including health planning, stakeholder 
coordination, registration and coordination of in-coming overseas health work-
force. Management capacity-building policies and structures should be in place 
and networks and partnerships of relevant committed leaders and stakeholders 
should be established and under pinned by the relevant operational processes 
[15,18,19].

4.3.2  Health-Care Governance

For an adaptive policy environment and effective implementation of plans, the 
health sector requires a suite of governance-related functions, including clear 
mandates, effective decision-making and response to community-identified 
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77 TABLE 4.1  Summary of key regional health-care capacity issues for disaster response

  Cook Islands Fiji Samoa Vanuatu

Health workforce governance, management and policy 
Health-care 
governance 

No clear guidelines for 
the coordination of in-
coming health personnel. 
Mechanisms being developed 
to deal with this.

In-coming health personnel 
were usually coordinated 
through the UNOCHA/PHT 
system.

Existing guidelines for 
registration of in-coming health 
professionals, but not always 
followed.

No clear guidelines for the 
coordination of in-coming 
health personnel. Policies 
were needed to govern this 
process during disasters.

Health-care 
management 
systems 

Health sector is a key 
stakeholder in the DRS 
and well organized and has 
seen improvements since 
the clarification of roles and 
responsibilities.

Health sector is a key 
stakeholder in the DRS and 
actively involved in disaster 
coordination. Health sector 
coordination functioning well.

Health sector is a key 
stakeholder in the DRS 
however internal issues may be 
affecting the strength of their 
coordination and involvement.

Health sector is a key 
stakeholder in the DRS 
however lacks coordination 
within the sector and with 
external partners needs to be 
improved.

Health-care policy 
environment 

Policy in place to guide health 
workforce. Knowledge of 
policies affected by high staff 
turnover rates.

Generic policies and processes 
in place but need to be more 
clearly defined for specific 
disasters.

Clearly defined policies and 
processes in place, supported by 
National Development Strategy.

Lack of clear policies 
and guidelines for health 
workforce coordination.

Health-care capacity and skills 
Human resources 
for health capacity 

Clear leadership and strong 
partnerships with NGOs and 
donors; health workforce 
and capacity inadequate 
particularly in times of 
disaster.

Strong leadership and 
external support systems from 
government and donors; health 
workforce capacity is stretched 
especially in times of disaster.

Strong leadership and 
external support systems from 
government and donors. Lack 
of cohesion within health sector 
limits effective utilisation of 
resources.

Internal leadership needs 
strengthening and relies 
heavily on external support. 
Limited capacity to respond 
to disasters against limited 
HRH and resources.

Health workforce 
capacity and skills 

Inadequate capacity to 
address psychosocial needs.

Inadequate capacity to address 
psychosocial needs.

Inadequate capacity to address 
psychosocial needs.

Inadequate capacity to 
address psychosocial needs.
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  Cook Islands Fiji Samoa Vanuatu

Human resources for health training, competencies and workforce development 
Health workforce 
education, 
training and 
development 

Some level of disaster training 
available for health workforce. 
Desktop and field simulations 
or training programs annually. 
Access to training for some 
levels of staff is an issue. 
Need for a nursing education 
Institution in-country.

Disaster training available and 
included in nursing curriculum. 
Access to training for some 
levels of staff an issue.

Nursing and allied health staff 
actively involved. Task-shifting 
and multi-tasking encouraged. 
Low intakes in nursing and 
medical programs undermining 
workforce development. Triage 
and emergency medical care, 
post-trauma counselling were 
critical areas for training.

Health workforce actively 
involved, but needs to 
improve skills to deal with 
climate sensitive diseases. 
Disaster training available 
and included in nursing 
curriculum. Additional 
training for village health 
workers and traditional birth 
attendants needed.

DRS = disaster response system; HRH = human resources for health; NGO = non-governmental organization; UNOCHA/PHT = United Nations 
Office for the Coordination of Humanitarian Affairs/Pacific Humanitarian Team.

TABLE 4.1  (Continued)
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strengths [1]. A greater understanding of governance in the health-care context 
can provide opportunities to strengthen health sector policy and response action 
to the effects of climate change [1]. WHO defines leadership and governance as 
the existence of a strategic policy framework as well as effective oversight, coali-
tion building, regulation, attention to system design, and accountability [6]. In 
the context of this study health governance specifically relates to the set of rules 
that define the responsibilities of health system actors, how they operate, and 
how they relate to one another [36]. The interviews as part of this re- search 
found two very important health-care management issues: the coordination 
and management of incoming (overseas) health workforce; and the protection 
and management of health staff affected by disasters and involved in disaster 
response.

4.3.3  Health-Care Management Systems

One of the key concerns expressed by both Australian and the PIC respon-
dents was the coordination and registration of in-coming international health 
personnel in times of disasters. This was necessary to ensure timely external 
assistance, minimize duplication of scarce resources, provide a transparent 
process, and maximize effectiveness of health personnel. Studies have revealed 
that these elements are essential for the effectiveness of international disaster 
responses, and require the development of policies and agreements against 
agreed criteria as part of disaster preparedness on an international, bilateral and 
national level [37].

There were different approaches to the coordination of incoming interna-
tional health personnel in the four PICs. In the Cook Islands, guidelines for 
the coordination of incoming health personnel require clarification. In normal 
times incoming personnel follow a registration protocol; however, in times 
of disaster the process was reportedly unclear. This has resulted in a recent 
review of legislation around international disaster response, calling for stricter 
regulation in this area [38]. For instance, according to one respondent, the 
request for international health staff goes through the Disaster Council and the 
Disaster Committee, who would then advise the Ministry of Health (MOH) of 
who is coming. However, another government respondent felt that while the 
requests go through the health ministry, the process can sometimes be infor-
mal and can result in fragmented communication, as evidenced by the following 
quote. “Informally all requests [for] incoming health workers go to the MOH; 
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[however] it doesn’t always work as it can be an informal process across most 
sectors, which can lead to lack of sectors talking to each other”. According to 
Bremer [37], policy making related to disaster response must be conducted in 
the disaster planning phase in both receiving and donor countries, since there is 
little time for policy making and implementation of rules during the acute phase 
of a disaster. These policies should be carefully developed to guide interventions 
that are based on commonly agreed upon criteria [37].

However, the absence of policies to guide international HRH in some PICs 
could be due to the fact that in recent times there has not been a need for interna-
tional health personnel to assist with disaster response. The infrequency of larger 
scale disasters impedes the development of an evidence base to inform public 
health preparedness strategies [39]. One recent example of a disaster requiring 
overseas health workforce support in the Pacific was during the 2009 tsunami 
in Samoa [40]. The Pacific Humanitarian Team (PHT) includes, as members 
all organizations that have a mandate and the capacity to respond to a disaster 
in the Pacific region. The PHT provides support to government coordination 
efforts during a disaster response following a request for assistance, and was a 
key player in the 2009 tsunami response [40]. Both Vanuatu and Fiji respon-
dents indicated that they relied on the PHT/UN Cluster system to assist with 
provision of health personnel in times of disaster. Samoan respondents indicated 
that a system was in place for the registration of in-coming health professionals. 
However, problems have been reported with this process, mainly because some 
NGOs were either unaware of the need to register or chose to bypass the system. 
One Samoan respondent suggested that an acceptable approach would be that 
medical NGOs and volunteers coming from overseas should link directly with 
the local MOH for a centralized approach in order to avoid duplication of roles. 
However, there is “[n]eed for a new fast circuit approach to facilitate the regis-
tration and checking of qualifications of health workers at the time of disasters” 
(OUM, Samoa).

In trying to address issues with in-coming health personnel, disaster response 
stakeholders have put forward a recommendation that the relevant Emergency 
Management Office should work closely with the UN Office for Coordination 
of Humanitarian Affairs (UNOCHA) and other external organizations to ensure 
that all personnel are registered and that a proper register of incoming support 
is maintained. This will ensure that in-coming personnel are properly screened 
and facilitate quicker immigration and customs processes [37]. International 
donors and Australian NGOs indicated that their provision of HRH for human-
itarian response is guided by minimum global standards. Ministries of Health 
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in each country should work with external partners to manage registration of 
incoming health personnel effectively.

The other critical issue of governance involved limited systems for the pro-
tection and management of health staff affected by disasters. This was identi-
fied as impacting the health workforce’s ability to respond effectively, since they 
were usually first responders in all countries, and had to conduct disaster initial 
assessments.

Some international organizations recognized that disasters impact individ-
ual health workers when their families, friends or homes are directly affected, 
placing additional demands and challenges on health workers [10]. Appropriate 
support systems would ensure that health workers are cared for and motivated 
in conducting this essential health function. Efforts and alternative sources that 
are being investigated to support human resource capacity were described by 
participants. In Samoa, for example, “private doctors and nurses are called in to 
assist in times of disasters” (Govt. Rep, Samoa).

The pre-existing HRH shortage in the Cook Islands reportedly resulted 
in existing personnel working extremely long hours. However there was no 
financial support or benefits for working overtime. Additionally, staff were 
not insured, so in the event of injury or death in the line of duty there was no 
redress. Similar issues were identified by respondents from Fiji and Samoa who 
indicated that health personnel were among the first responders, arriving in the 
disaster area while it was still relatively unsafe. Since health personnel are usu-
ally among the first responders to disasters, there needs to be stronger support 
systems in place to protect their wellbeing during times of disaster. This does 
not only have implications for response personnel’s job security, but also for 
occupational safety and health, insurance and indemnity [41,42]. The provision 
of adequate pay and adequate indemnity for health-care staff involved in disas-
ter response have been identified as essential motivators for Australian relief 
personnel [41]. Unfortunately these realities do not translate to their Pacific 
Islander counterparts due to pre-existing disparities in health-care financing and 
staff incentives. Efforts should be made to improve conditions for PIC counter-
part health workers.

4.3.4  Health-Care Policy Environment

Interviews in the four PICs revealed evidence of a mixed policy environ-
ment across countries for the coordination of HRH for disaster response. For 
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example, in Fiji a contingency plan for disaster response and coordination 
of health staff was in place, including legislation to empower key individuals 
to make decisions in times of disasters. In the Cook Islands, a health disaster 
policy was in place to provide directions for both on-duty and off-duty staff 
during disasters, however there was limited knowledge of policies due to high 
staff turnover rates. The Samoa National Health Service (NHS) has a disaster 
plan which outlines staff responsibilities, which is disseminated down to the 
divisional level of the health sector that work closely with communities. The 
Samoan NHS plan makes provision for the involvement of the private medical 
practitioners and the Samoa Red Cross Society. Conversely, there was a lack of 
clear policies and guidelines for health workforce coordination during disas-
ters in Vanuatu. Unfortunately, there was little evidence of strategic planning 
to ensure that health-care needs were adequately represented in wider plan-
ning for climate-related disaster response. This extended to a lack of strategic 
planning for HRH to meet current and future needs, and may reflect a wider 
lack of attention to the HRH strategy development process [43]. A good qual-
ity strong evidence base is needed for the development of adequate disaster 
response policies, plans and procedures to guide HRH response. Unfortunately 
despite a substantial amount of publicly available international literature relat-
ing to emergency response planning, the validity and generalizability of these 
to the Pacific context remains unclear [44].

4.3.5  Health-Care Capacity, Skills and Competencies

The capacity of the health system and its workforce to effectively respond to 
disasters will be influenced by the magnitude and impact of the disaster as well 
as the characteristics of the affected system and the availability of adequate 
resources to respond to needs [10]. Human resources management is essential 
to any health-care system. The size, composition and distribution of the health-
care workforce to meet a particular country’s present and future needs are 
essential for consideration in the climate driven disaster context [45]. An agile 
workforce with highly specialized skills is required to mount an immediate and 
effective response to disasters and humanitarian emergencies [11-14]. Here we 
describe the human re- sources capacity, skills, competency, development and 
training for disaster response in the case study countries.
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4.3.6  Human Resources for Health Capacity

Climate-driven disasters place added stresses on health-care systems, and where 
these systems are already understaffed and overstretched, disease burden and 
health-care needs arising from disasters can exceed HRH response capacity 
[13,46]. Both Australian and international organizations and PIC respondents 
have acknowledged that PICs can be easily stretched beyond their HRH capac-
ity in times of disasters, requiring external assistance for surge capacity. One 
Australian representative alluded to the fact that some countries do not have 
the capacity to conduct field triage or set up isolation wards, and NGOs often 
lack a clinical expertise. This is an area where military capabilities are often 
relied on [47]. However coordination challenges between military, civil society 
and NGOs can constrain the effectiveness of medical response [47]. The New 
Zealand Aid Programme also has capacity for HRH support from New Zealand; 
however offshore field medical care and search capacity was reportedly limited.

There was evidence of collaboration and partnerships with NGOs, com-
munity-based organizations and donor organizations to improve HRH capac-
ity for emergency response. Both the WHO and UNICEF regional offices in 
Fiji reported that Red Cross Society Volunteers and Village Health Workers 
improve capacity to respond to health emergencies. For example, the Cook 
Islands Ministry of Health partnered with WHO, Red Cross and communi-
ties to respond to a dengue fever outbreak. In other situations, HRH capacity 
was reportedly managed through intra-island rotation (rural to urban and vice 
versa). Collaborations and partnerships provide a supportive environment to 
build adaptive capacity of the health sector and may be an indication that cli-
mate change is becoming the impetus to unite organizations and sectors around 
policy making to address HRH needs of PICs [48]. Other lessons were learned 
from the Samoan response to the Avianic flu response, where strategic health 
management resulted in the use of multidisciplinary health teams to mount a 
rapid and effective response [49]. According to one respondent:

“We had swine flu before the tsunami so we trained unemployed youth as health 
assistants in villages so that they can help on the district hospitals during disaster 
events. The idea was about how these youth can help out in the district hospitals 
before the formal help arrives (e.g., wound dressing). This training helped when 
the tsunami hit; we’re trying to apply this approach to up-skill in psychological 
training. Multi-skilling communities to help themselves partly address the short-
age of nurses and medical practitioners in Samoa” (OUM, Samoa).
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Health-care workers in both Fiji and the Cook Islands indicated their will-
ingness to respond to their country’s needs since they have a better understand-
ing of local policies and cultural issues, than external counterparts. There were 
some levels of hesitancy in requesting health workers from overseas, with some 
respondents suggesting this as a last resort because “if they [overseas health 
workers] come in they have to learn the guidelines and policies of the facil-
ity very quickly to be able to work in it” (MOH-WestDiv, Fiji). The general 
feeling across PIC health-care interviewees was that despite their limited HRH 
capacity, the lack of physical resources for emergency response was even more 
critical. According to some respondents, the limited workforce can efficiently 
manage available resources for greater effectiveness. Limited finances, emer-
gency medications and other disaster supplies were identified as additional 
challenges which affected emergency response, especially to outer islands and 
remote areas.

“Without funding we can send 8 or 9 [persons] but no medication, because we 
can charter a flight. With more funding we can take more staff and medicines” 
(MOH, CI).

The literature indicates that strong health-care systems require significant 
resources and high levels of preparedness to improve health sector perfor-
mance and out- comes in disasters [50]. The limited resource capacity in PICs 
has resulted in heavy reliance on donor funding and bilateral programs. While 
there is much funding available in the region for climate change and disaster risk 
reduction programs, very little of this is being channeled into climate change-
related health programs and the development of the workforce capacity for 
disaster response. This has further implications for the management of the lim-
ited workforce and their effectiveness in disaster response. The limited focus 
and allocation of climate-related funding to health in the Pacific reflects the 
wider approach to global health delivery, where some of the very large donors 
such as the Gates Foundation or the Global Fund, consider climate change miti-
gation efforts as a government responsibility and not a part of their core business 
[48]. Given that limited HRH capacity is a reality in all four PICs, it is unlikely 
that donor-dependence will change in the immediate future. However, the sus-
tainability of donor support requires assessment in light of global economic 
recession and emerging competing and other public health priorities in donor 
countries [51].
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4.3.7  Human Resources for Health Skills and Competencies

Effective disaster response require a combination of the right people with appro-
priate training, being in the right place at the right time, with sufficient emer-
gency re- sources [50]. In an ideal situation, the health sector should seek to 
maximize the functions of the health workforce, retain an efficient mix of staff 
and skill to improve service which can be applied in disaster response [52]. 
Disaster situations often require that the focus be changed from routine behav-
iours to those suited to disaster scenario.

Nursing staff, in all PICs, were actively involved in disaster response, based 
on their pre-existing roles. The general feeling was that nurses are expected 
to play a key role in post-disaster leadership and early assessment, providing 
information to various organizations. The disaster assessments responsibil-
ity is delegated to nurses in their capacity as civil servants and often the focal 
person in health facilities in remote areas. However, while carrying out their 
responsibilities, their confidence, skills and expertise in this area are often not 
acknowledged at the planning and management level. Recognition of the vast 
local knowledge and experience of the health workforce could be an asset to 
the wider disaster management process, in helping to understand the prior-
ity needs of affected communities. Recognition and adequate training of the 
health workforce would lead to adequate preparation, skills and competencies 
for effective disaster response [52]. According to one nurse leader in Fiji, “hos-
pital-based nurses in urban areas need to be orientated to disaster management 
before going to the outer islands, and training should be arranged regularly to 
facilitate this”. The need for training based on evidence has been highlighted by 
the disaster response sector [10].

The limited technical capacity to handle the immediate psychosocial needs 
post disaster was identified in all PICs, and affected the community, health-care 
workers and other response personnel. This resulted in heavy reliance on NGOs 
and the church community to address psychosocial needs. There was agreement 
across the health sector in all countries that in-country mental health capacity 
was severely lacking even in normal times. Early psychosocial interventions are 
required following disasters, especially those resulting in extreme/ widespread 
property damage, trauma and loss of life, and interruptions to livelihood [53]. 
This is particularly critical in developing settings, where existing HRH short-
ages, issues affecting social determinants of mental health and wellbeing may 
be exacerbated by disaster impacts [53,54]. Inter-agency cooperation and 
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coordination are important to ensure appropriate HRH is sourced to provide 
culturally appropriate mental health response [13,54].

Critical shortages of paramedical staff for field triage were also reported. 
These critical shortages of technical expertise for emergency response in PICs 
were reportedly, at times, filled by international HRH. Regardless of the HRH 
challenges, the research found evidence of high levels of commitment, multi-
tasking and flexibility among health workers involved in disaster response.

“Within the MOH the only directive I received was (to) ‘manage your officers 
that they are at work,’ ... based on our policies we looked to see who can be 
discharged home; we tried to minimize the people who were within the facil-
ity. Because we were stretched, we went onto 12-hour shifts... we would call the 
nurse and say ‘prepare for a 12-hour shift, bring some extra pants and extra water’. 
It might sound militant but it helps” (MOH-WestDiv Fiji).

There was evidence of resilience developed through respondents’ belief in 
their ability to cope and adapt to climate influences on disasters [24,55]. The 
long-term impact of the chronic shortage of HRH, especially if there are more 
frequent and / or severe disaster impacts, may eventually undermine this resil-
ience as a result of limited staff being stretched beyond their capacity and their 
inability to maintain competencies and skills. The reliance on overseas support 
for technical expertise areas such as field triaging and mental health is not sus-
tainable and requires urgent attention. There is therefore need for further assess-
ment of how the workforce capacity can be improved in terms of the numbers, 
skills and competencies for improved disaster response, in light of uncertainties 
surrounding future pattern of disasters.

4.3.8  Human Resources for Health Training and Workforce 
Development

A properly trained and competent workforce that is aware of and prepared to 
meet present and future needs is essential for a successful healthcare system 
[45]. The availability of a workforce with specialized skills for disaster response 
requires adequate training institutions and programs where these skills can be 
developed and updated [18].

Interviews revealed training institutions for nursing personnel in all three 
of the four countries; however doctors from across the region were mainly 
trained in Fiji, with a small cadre being trained in Samoa. Respondents in Fiji 
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and Vanuatu indicated that disaster response was included in their nursing cur-
riculum. Others reported efforts to ensure some level of in-service disaster train-
ing including desktop simulations, field simulations or training programs at the 
country level; including participation in multi-stakeholder field simulations 
from time to time. Across the four countries, HRH were interested in accessing 
disaster-specific training. However, one of the challenges to accessing training 
in the Pacific was the impact of small workforce. One donor indicated that since 
some organizations only had a few staff, this made it difficult to send people 
away for training, “[b]ut the Governments are committed towards training 
them” (WHO, Fiji). On the other hand, the challenge was reportedly to ensure 
that the right individuals were selected to participate in available training. Senior 
staff were reportedly more likely to be selected for training, but knowledge 
was not necessarily transferred to front- line or field staff. Samoan respondents 
indicated that triage and emergency medical care training should be disaster-
specific. Disaster response training, including scenario planning is essential to 
building resilience [24].

Other challenges included the need for training in child psychology and 
post-trauma counselling in all countries. Additionally, “the limited numbers of 
students enrolled into medical and nursing training programs were insufficient 
to meet the current demands of the country” (OUM, Samoa); which under-
scored wider HRH recruitment issues across the region [56].

The issues with training and workforce development for disaster response 
are reflective of the wider HRH training issues such as low enrolments, short-
age of workers, limited succession planning and access to appropriate courses, 
which are evident across the Pacific region [56]. These limitations can under-
mine the adaptive capacity of the health workforce for future response, since 
they affect recruitment, retention and stability of the workforce [57], and long-
term resilience [24]. The importance of matching and forecasting the needs, 
demand and supply of HRH and the provision of training to build resilience 
and meet the health system needs of individual countries cannot be overempha-
sized [58]. While examples of adaptiveness including the upgrading and multi-
skilling of nurses to address the shortfall in nursing and medical personnel have 
been reported, this was not representative across countries. There was room for 
exploring alternative and traditional mechanisms. Health workforce training 
and development may therefore be one of the most vulnerable aspects of the 
health-care capacity in PICs, and should be prioritized by national health sectors 
and donors with a view to building adaptive capacity for disaster response in the 
context of climate change and future uncertainty.
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4.4  CONCLUSION

There is a growing body of evidence that the impacts of climate change are 
affecting population health negatively, including those in the Pacific region. 
Hence, an appropriately trained, qualified and agile health workforce is required 
to improve response to disasters. This is the first paper that looks specifically 
at the adaptive capacity of the health sector to disaster response in the climate 
change context in Pacific Island Countries. The research found several elements 
that are likely to support or constrain the adaptive capacity of the health-care 
sector to effectively respond to disasters, in the face of uncertainties presented 
by climate change.

Elements serving to strengthen the adaptive capacity of the individual coun-
try health-care sectors were: wide- spread involvement of the health sector in 
disaster response; health workforce beliefs in their own abilities and commit-
ment to respond to their country’s needs even in the face of limited resources; 
strong support from the NGO and donor community within the region, with 
Australia and New Zealand providing technical expertise and resources where 
these were lacking in respective countries.

Elements serving to constrain adaptive capacity included: variable and com-
plex coordination and registration of international health workforce for disaster 
response; inadequate policies to coordinate HRH for disaster response in some 
countries and to address the welfare of staff and workers compensation dur-
ing and following disasters; limited HRH capacity even in times of ‘normality’ 
means that staff are stretched beyond their capacity; chronic lack of resources 
and effective health-care provision; severe short- ages of technical expertise 
to meet psychosocial needs of the population, HRH and response personnel 
across all countries; inadequate skills and competencies in field triage and medi-
cal care; limited capacity for training of health workforce specialists in PICs.

This study reveals evidence of resilient elements of HRH in PICs. However 
several areas of vulnerability need to be addressed through the development of 
national HRH policies, strategic plans for disaster response, and a coordinated 
and collaborative approach for disaster response training which may be appli-
cable to other areas across the Pacific Region.

Further research is recommended:

•	 The specific training needs of the health workforce to respond in times of 
disaster given the acknowledgement they work with limited human and 
material resources.
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•	 The disaster assessment processes. Currently nurses using their local 
knowledge are first assessors; however, this is followed by numerous 
other assessments resulting in duplication, a lack of acknowledgement 
and information sharing.

•	 How the workforce capacity can be improved in terms of the numbers, 
skills and competencies for improved disaster response, in light of uncer-
tainties surrounding future pattern of disasters.
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5.1  INTRODUCTION

Disasters are unique situations that require advanced planning in order to antici-
pate their effects and develop countermeasures to mitigate hazards, reduce risks, 
respond to emergencies, and recover from such events [1]. Disasters are situa-
tions of chaos and the quicker the situation is brought under control the bet-
ter the outcome will be [2]. In contrast, failure to institute control due to weak 
planning leads to protracted chaos and worse outcomes [3]. Effective planning 
reduces guesswork during a disaster response. The success and failure of a disas-
ter response are determined by the level of planning of the affected community.

Disaster planning is a systematic process that has four main components: 
identifying hazards, mitigating risks, preparing and responding to emergencies, 
and, finally, recovery and development [3]. All components of the planning pro-
cess have to be documented and recorded for evaluation and future reference. 
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Documentation of the disaster planning process leads to the formulation of 
disaster plans. Moore defined disaster plans as follows:

“A formal document that (1) assigns roles and responsibilities to individuals and 
organizations for carrying specific tasks during an emergency; (2) clarifies lines 
of authority and organizational responsibilities, including how tasks will be coor-
dinated; (3) describes how people and property will be protected; (4) identifies 
personnel, supplies, facilities and other resources available within or to a jurisdic-
tion during response and recovery activities and (5) identifies steps to improve 
mitigation during response and recovery operations” [4].

Healthcare providers in New Zealand and the Sultanate of Oman are 
required by national regulations to develop and maintain health preparedness 
plans. These plans are to encompass the components of disaster planning such 
as the four Rs (reduction, readiness, response, and recovery) phases [5]. The 
plans in New Zealand have to meet the Health and Disability Standards (2008) 
and the plans must reflect the overall national emergency management system 
[5]. In Oman, the National Committee for Civil Defense is currently develop-
ing the first national standards for regional health emergency plans. Disasters 
covered by healthcare plans are variable and include internal and external poten-
tial risks. Internal risks include situations in which the internal structure of the 
healthcare system is the cause for the disaster such as a collapse of a hospital, 
failure of power supply, or a staff strike. External risks include earthquakes, tsu-
namis, and wars. The current healthcare plans from New Zealand and Oman 
have not been subjected to evaluation.

This study aims to audit the coverage of disaster plans in terms of describ-
ing and addressing the main components of the disaster planning process. It is 
important to appreciate that the goal of such an evaluation is not to show the 
deficits of emergency plans in both countries; rather it aims to find areas for 
improvement. Comparative analysis of disaster preparedness across countries 
shows how healthcare systems adapt to local circumstances and emphasizes the 
importance of emergency planning internationally.

5.2  METHODS

The study consisted of all the responsible authorities in New Zealand (21 
DHBs) and Oman (13 hospitals).
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The assessment framework was adapted from international emergency plan 
checklists. The checklists included the World Health Organization Hospital 
Emergency Response Checklist; the Mass Casualty Disaster Plan Checklist 
from the Centre for the Study of Bioterrorism and Emerging Infections; and the 
United States Joint Commission on Accreditation of Healthcare Organizations 
( JCAHO) Standards for Emergency Management [6–8]. These checklists have 
been extensively used to audit emergency plans worldwide. The checklist used 
in this project included twelve generic domains of strategic emergency pre-
paredness which are command and control, hazard analysis, resources and surge 
capability, communication and logistics, emergency response standard operat-
ing procedures (SOPs), life-line backups, public and media, training, security, 
welfare, coordination, and recovery. Each one of these domains has several spe-
cifics. The full checklist has 60 different specifics. The checklist was assessed by 
five emergency planning experts in New Zealand and Oman for relevance and 
comprehensiveness.

New Zealand DHB-level current and up-to-date strategic emergency pre-
paredness plans were obtained by contacting all emergency planners in 2009. 
Fourteen (66.7%) of the 21 DHBs, at the time, provided hard or electronic cop-
ies of their plans. A further public domain search using internet and personal 
contacts failed to obtain any further plans from nonresponding DHBs.

Similarly, emergency plans of all secondary and tertiary hospitals in Oman 
were collected in 2009. Primary hospitals were excluded as strategic emergency 
planning usually occurs at secondary and tertiary level facilities. Seven hospi-
tals (53.8%) provided written emergency plans out of possible 13 hospitals in 
Oman. An internet search and personal contact with clinicians did not locate 
any further plans.

In this study a deductive approach was utilized given that the aim of the 
study was to assess the existence of critical elements of emergency preparedness 
as described by the overall framework of written emergency plans [3].

A content analysis process was used firstly to ascertain the coverage of emer-
gency preparedness elements within plans and secondly to score them accord-
ing to whether or not they had addressed the specifics of the 12 domains. A 
value of “one” was given if the specific existed and is described in the plan and 
“zero” if the specific is not described. The aggregate score was calculated for each 
plan in all the 12 domains. The national score in each domain is the aggregate 
of individual plans divided by the number of plans analyzed in each country. 
All plans were independently scored by the primary researcher and a research 
assistant. Where disagreement arose on the score, agreement was reached by 
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further review and discussion. A similar method has been used to evaluate the 
completeness of influenza preparedness plans in Europe [9]. The study did not 
evaluate the exact quality of the written plans because there are currently no vali-
dated systematic scoring systems for quality assessment of written emergency 
plans.

The results are presented as an average national score of the plans in each of 
the 12 domains. A percentage of coverage in each of the twelve areas of emer-
gency preparedness between New Zealand and Oman was also calculated from 
simple division of mean score by the maximum points in each domain.

The Statistical Package for Social Sciences (SPSS) software (SPSS Statistics 
12.1, for Windows, New York) will be utilized in the data analysis. In order to 
assess the significance of differences in the variables, a series of Chi-Square tests 
and the Fisher exact tests will be used where appropriate. The study has been 
approved by the New Zealand Multiregion Ethics Committee and the Omani 
Ministry of Health.

5.3  RESULTS

There were 14 plans from New Zealand included in this analysis out of the 21 
DHBs (66.7%). There were 1056 pages of New Zealand emergency planning 
material reviewed. In Oman there were seven plans out of a potential 13 plans 
from the secondary and tertiary hospitals (53.8%). There were 677 pages of 
Omani emergency planning material reviewed.

Figure 5.1 shows the percentage of the national mean scores (±standard 
deviation) of New Zealand and Omani emergency preparedness plans in 12 
strategic emergency preparedness areas. The overall national mean score of the 
coverage of New Zealand plans was 40.5 (±6.3) and the percentage was 67.5% 
of the maximum possible score (i.e., 60). On the other hand, the Omani overall 
mean score for coverage of emergency preparedness elements was 32.3 (±4.1), 
which is 53.3%. Plans from both countries were similar in addressing the “com-
mand and control” domain of emergency response (73.8% for New Zealand ver-
sus 71.3% for Oman). Alternative arrangements for command and control, such 
as situations where the command post is destroyed in an emergency, are the least 
described specific in this domain.

Plans in both countries scored 62% in the hazard analysis category. However, 
there was little emphasis on internal hazards such as industrial action by staff 
strike, disease outbreak in the hospital, and electricity failure. Fire hazard was 
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the only internal hazard that was frequently addressed by plans in New Zealand 
and Oman. Furthermore, there was no plan that addressed the concept of syn-
dromic surveillance of patient flow and presentations. This concept means con-
tinuous monitoring of patient presentations to healthcare services in order to 
identify clusters of patients that could indicate an early wave of a pandemic [10]. 
The plans otherwise scored well for external hazard analysis.

FIGURE 5.1  Percentage of coverage of emergency preparedness elements in written plans in 
New Zealand and Oman.

The plans in both countries scored less than 50% of the maximum score 
for surge capability and resource management (New Zealand: 45.7%, Oman: 
48.6%). Only a few plans appreciated the value of keeping an updated record 
of available resources that can be utilised during a mass emergency response. 
Almost all plans failed to describe a process of enhancing surge capability during 
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a mass emergency event. The majority of plans used generic and vague com-
ments such as “request resources from the Ministry of Health.”

In terms of communication and logistics, plans from both countries scored 
equally at 72% of the maximum score. Areas such as establishing a cascade of 
communication when calling extra healthcare providers are not addressed. 
Furthermore, emergency plans relying heavily on telephone communications 
and backup systems such as “runners” were not described.

Omani plans scored an average of 68% of the maximum score in stating their 
standard operating procedures (SOPs) compared to New Zealand plans, which 
scored 62%. There is a potential for improvement in terms of setting broad guide-
lines about SOPs such as patient flow, patient tracking systems, and entry and 
egress to emergency departments. Decontamination of victims prior to definitive 
healthcare appeared to be an issue that plans underappreciated in both countries.

Emergency plans in New Zealand and Oman scored 41.7% and 45% of the 
maximum score, respectively, in addressing the issue of life-line utilities such as 
water, food, shelter, sanitation, and power during a mass emergency response. 
Few plans explicitly discussed how to utilize volunteers and deal with donation 
of goods and services.

The Omani plans reviewed in this analysis scored significantly lower than 
their New Zealand counterpart plans in terms of describing a process for deal-
ing with the public and the media during a mass emergency response (52% 
versus 92%).

The modalities of staff training used and their frequency of occurrence were 
explicitly addressed in New Zealand plans compared to plans from Oman (92% 
versus 38%). However, the issue of welfare of staff during and after a mass emer-
gency response received little attention in both countries with plans scoring 15% 
and 10% in Oman and New Zealand, respectively. Moreover, security issues and 
process for healthcare facility lockdown scored 32.5% and 47.5% in the Omani 
and New Zealand plans.

Coordination and collaboration were comprehensively discussed in New 
Zealand emergency preparedness plans with an aggregate score of 98%. On the 
other hand, the Omani plans superficially touched on the issue of coordination 
and collaboration with other agencies during a mass emergency response with 
an aggregate coverage score of 58%.

Finally, the recovery phase of emergency response was included in almost all 
New Zealand emergency plans with an aggregate completeness score of 96.7% 
compared to 46.7% in the Omani plans in which the recovery phase did not 
feature to a significant extent.
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5.4  DISCUSSION

The overall national mean scores of 40.5 and 32.5% of the maximum in New 
Zealand and Oman mean that there is room for improvement.

The lowest scoring plan was that in ensuring the welfare of staff and first 
responders, where the scores were around 30–40% of the maximum. Responding 
to a disaster is a mentally and physically demanding task for many acute care 
providers [11]. In New Zealand employees are protected by the Health and 
Safety Employment Act 1992 in which “employers are required to actively take 
practical steps to mitigate risk and protect employees” [12]. It is important to 
appreciate that emergency responders are particularly at risk of postresponse 
psychological and physical complaints [11]. Identification and control of occu-
pational hazards are essential, and can be simply achieved by providing PPE to 
responders. Preevent planning should take this into account, and the presence 
of psychological and physical ill-health should be detected during and after the 
event. It is an ethical reciprocal duty of the healthcare organization to ensure the 
welfare of responders and their families in order to maintain high level participa-
tion of responders [11]. International studies have found that for most emer-
gency responders the wellbeing of themselves and their families is a priority that 
has to be addressed and should be explicitly reflected in emergency plans [13].

Security is another important domain that requires more attention in New 
Zealand and Omani strategic emergency planning. This is to ensure the safety of 
responders and victims alike. Proper security provides a working environment 
for responders to provide critical services without interference from the curious 
worried well people [14]. It is also essential to communicate to the public that 
such strict security measures are not to limit their rights to access public facili-
ties but to ensure control of the medical response operations established. The 
importance of such measures became apparent at St Vincent’s hospital in New 
York City during the September 11, 2001, terrorist attacks in which the wor-
ried well inundated the emergency department and hindered the overall medi-
cal response [15]. Therefore, strategic emergency planners in New Zealand and 
Oman could enhance security planning by adopting the lessons learned from 
international emergencies.

This study found that plans are only 50% complete when it comes to plan-
ning for ensuring essential services such as food, clean water, power, and sanita-
tion measures during an emergency response. The World Health Organization 
initiated a project called “Safe Hospitals” in which functional failure, such as not 
maintaining clean water sources for victims and responders, is the most common 
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reason for hospital dysfunction during a disaster response [16]. It is very likely 
that the public supply of such essential resources will be disrupted and therefore 
hospitals and healthcare planners have to be vigilant and plan ahead for such 
possibilities by developing contingency plans to self-sustain for at least 72 hours 
until external help can be called in [17]. Lessons from New Zealand’s Canterbury 
earthquakes showed the value of being prepared to sustain long-term outages of 
life-line utilities such as power and water [18]. During the event, extra genera-
tors maintained emergency healthcare services at Christchurch Hospital despite 
the outage of main power supplies. On the other hand, Cyclone Gonu is an 
Omani example in which failure to provide clean water and a sustained source 
of food for hospitals contributed to a dysfunctional healthcare response in some 
hospitals [19, 20]. For instance, Sur Hospital (a regional secondary hospital) 
had no clean water supply for days and healthcare staff faced a difficult time try-
ing to source-clean water from local providers. Such examples highlight the need 
for preparedness of core life utilities.

The coverage of disaster healthcare plans in New Zealand and Oman for 
strategic emergency preparedness elements is variable. This may be a reflection 
of the local capability of DHBs and hospitals to conduct a proper emergency 
planning. The variability in emergency planning exists at a global level. An inter-
national survey by the World Health Organization of 60 countries around the 
world found that 89% of countries have health-specific emergency plans [21]. 
This observation was regionally variable; for instance, 40% of countries in the 
Pan-Americans Health Office to 78% in middle-eastern countries conduct stra-
tegic emergency planning [21].

Some of the between-countries differences may be due to the national health 
disaster plans developed in New Zealand. This is clearly evident under the 
“coordination and collaboration” domain in which plans in this study have 98% 
coverage and to a lesser degree under “command and control.”

This study showed that there is a clear difference in recovery plans cover-
age between New Zealand and Oman (96.7% versus 46.7%). Mass emergencies 
do not end by the arrival of the last patient, but rather they tend to have a long 
lasting effect. Healthcare recovery plans tend to focus on returning healthcare 
services to their preevent state. The healthcare recovery tends to be narrow. In 
reality, recovery planning is a complex community-wide process to basically 
determine the future of the affected community [1].

This study found that disaster plans address “hazard analysis” adequately 
particularly the external natural and man-made hazards. More improvement 
could be achieved in terms of analyzing internal hazards such as staff strike, 
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hospital-based outbreaks, and fires. With financial pressure on many DHBs in 
New Zealand and many hospitals in Oman, staff strikes are becoming frequent 
and are a likely disruption to the provision of healthcare services [22–24].

The New Zealand health emergency plan delineated clearly how to coordi-
nate and collaborate with other emergency responders such as the police, civil 
defence, and the military as well as how to institute a command and control 
structure based on the CIMS principles [5, 25]. This helps DHBs to establish 
networks and links with other governmental agencies that could play a role dur-
ing a mass emergency response and promptly establish a chain of command. On 
the other hand, the lack of a national health-specific emergency framework in 
Oman appears to filter down to hospital level planning where plans differ signifi-
cantly between hospitals and score relatively low on “coordination and collabo-
ration.” The results are consistent with published studies from other countries. 
Ciraulo and others surveyed hospitals in the United States and found that 26.3% 
did not address command and control issues in their emergency planning [26, 
27]. Furthermore, a comprehensive survey by Mann and others found that 50% 
of the states in the USA have no indication of a structure for command and con-
trol in healthcare response [28]. However, such studies differ from the survey 
presented here in that they did not analyze individual plans; rather they sur-
veyed chief executives and asked them about the issues covered or not covered 
in their institutions’ plans.

National standards and guidelines for mass emergency planning, such 
as the New Zealand Health and Disability Standards (2008), are useful only 
if adhered to. The value of such strategic guidelines is clear in the high score 
of New Zealand plans in areas such as “training” and “public information and 
media.” New Zealand DHBs are obliged to meet such standards when formulat-
ing an emergency plan. This study found that not all participating DHBs meet 
all the standards. It is also paramount for policy makers to provide an incen-
tive for DHBs and hospitals to meet national standards. An example of such an 
approach is to tie emergency planning to an accreditation process. For instance, 
the Joint Commission for Accreditation of Health Organizations ( JCAHO) in 
the United States provides clear emergency planning standards that have to be 
met in order to obtain accreditation points [28]. There is a similar system in 
New Zealand in which DHBs have to show completeness of plans in order to be 
funded for emergency planning. However, care must be entertained as such an 
approach might deter DHBs and hospitals from the planning process per se to 
focus on drafting a presentable plan for the sake of getting the funds.
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5.5  STRENGTHS AND LIMITATIONS

This study has several strengths and limitations. First, it is the first attempt to 
systematically review and evaluate strategic healthcare emergency preparedness 
plans in New Zealand and Oman. Second, the emergency plans analyzed in this 
study are representative samples of plans in both countries. However, it is pos-
sible that nonresponding agencies might have different levels of planning and 
preparedness and therefore are less inclined to share their plans. If this is the 
case, the results presented here will overestimate the coverage and completeness 
of strategic emergency plans.

Third, emergency planning is a process and a moving target. Therefore, this 
study is only a snapshot in the 2009-2010 period and the plans analysed here 
might well have changed. There have been several events in both countries (e.g., 
Canterbury earthquakes and Cyclone Phet) that were catalysts for plan reviews. 
Hence, the areas for improvement addressed by this study might have already 
been incorporated in the current hospital preparedness plan in New Zealand 
and Oman. Multiple studies have reported this particular limitation of mass 
emergency preparedness surveys [26, 29].

Fourth, it is critical to appreciate that plans are only a written document and 
might not reflect the actual planning process well. Therefore, the coverage and 
completeness of plans are only an indicator for strategic healthcare emergency 
preparedness. The preparedness of hospitals to deal with mass emergencies, 
which can be enhanced by a robust plan, can also be influenced by multiple 
known and unknown factors such as the nature and circumstances of the mass 
emergency. The completeness and coverage of the plans could simply reflect 
the attention to drafting the written document rather than a real preparedness 
effort. A study by Mounier-Jack and Coker analyzed influenza pandemic plans 
from several European countries and speculated that a limitation in their study 
is that written plans can only be considered a proxy for actual planning [9]. 
Furthermore, in this study DHBs and hospitals might have other emergency 
plans that were not shared with the authors and that might have addressed oper-
ational emergency preparedness issues separately. Therefore, such plans would 
not factor in this analysis. In such cases, the results presented here would be an 
underestimate of the coverage of disaster plans. Nevertheless, emergency plan-
ners were requested to share all their plans.

Finally, even though the study utilizes objective checklists used widely in 
emergency preparedness, the scoring system can still be subjective and inter-
pretive. Plans are open to interpretation and scoring is a subjective exercise. 
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However, having two researchers independently scoring the same plan helps 
to objectify the plan analysis. An associated limitation is that this study did 
not address the quality of the plans and, instead, focused on the existence of 
essential emergency preparedness elements in the current written plans in New 
Zealand and Oman.

5.6  CONCLUSION

This study offers a method for assessing emergency plans and provides baseline 
information that will be useful for ongoing planning efforts in New Zealand and 
Oman as well as for policy makers and researchers in other countries to compare 
performances with. The study highlighted the value of having a national health 
emergency plan in New Zealand as reflected by the high scores of DHB emer-
gency plans in areas such as coordination and collaboration. Therefore, a similar 
approach in Oman will assist in conducting comprehensive strategic emergency 
preparedness planning. A national plan will also streamline relationships and net-
works with other emergency responders such as the civil defense and the police.

Responders’ welfare is an issue that needs to be clearly addressed by strate-
gic emergency preparedness plans in New Zealand and Oman. This study reit-
erated the concerns of emergency planners about the lack of current measures 
to look after their “own warriors,” while security issues during mass emergency 
responses are yet to be explicitly covered by emergency plans in both countries. 
Private security companies have more experience and expertise in such issues 
than healthcare systems. Therefore, incorporation of the private sector in future 
studies of health system disaster planning could be important for addressing 
such issues. Recovery planning and surge capability are also areas that require 
further development and guidance in terms of strategic emergency prepared-
ness planning in New Zealand and Oman. Disaster planning will continue to be 
a national priority for healthcare services in New Zealand and the Sultanate of 
Oman.
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6.1  INTRODUCTION

Physical trauma is a leading cause of global mortality, with natural disasters 
and armed conflicts contributing significantly [1, 2]. As the latter most often 
occur in low- and middle-income countries (LMICs), it follows that these set-
tings have the highest related trauma burden [3–6]. Many trauma cases require 
surgical intervention, particularly orthopaedic surgery. However, LMICs often 
lack the surgical capacity to meet these needs and thus there is a reliance on 
external actors. Médecins sans Frontières (MSF), an international, independent, 
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humanitarian medical organisation, provides medical assistance to vulnerable 
populations, including those affected by natural disasters and conflicts. Surgical 
care is an integral part of its work, and over the last 40 years, MSF has provided 
surgical care in natural disaster and conflict settings in more than 70 countries. 
Orthopaedic surgery (i.e. surgical treatment of injuries or disorders of the mus-
culoskeletal system) constitutes a large part of this care.

To ensure quality surgical care, MSF has established a minimum set of con-
text-specific standards that must be in place before any surgical procedures can 
be performed [7, 8]. This practice conforms to the Sphere guidelines on mini-
mum standards in disaster response [9]. While such prerequisites can limit the 
possibilities of performing surgery, MSF has demonstrated that in many natural 
disaster and armed conflict settings it is possible to implement these minimum 
standards, even for more rigorous procedures like internal fixation.

The need for minimum standards to ensure delivery of quality care has been 
previously documented [10]. However, there are no studies to date reporting on 
whether it is possible to implement such standards for orthopaedic surgery (par-
ticularly more demanding procedures like internal fixation) in natural disaster 
and conflict settings and, when this is possible, the related outcomes.

Based on the MSF experience of performing orthopaedic surgical activities 
in natural disaster and conflict settings in Haiti, Afghanistan and the Democratic 
Republic of the Congo (DRC) we describe: (a) whether it has been possible to 
implement the minimum standards required for performing among the more 
rigorous orthopaedic procedures—internal fixation—and when possible, the 
approximate time frame, (b) the volume and type of orthopaedic activities per-
formed and (c) the outcomes of these activities (intra-operative mortality rates 
and postoperative infection rates).

6.2  MATERIALS AND METHODS

6.2.1  Study Design

This was a descriptive study using routine MSF programme data.

6.2.2  Study Setting

The study was conducted in the surgical programmes of the MSF emergency 
intervention following the 2010 earthquake in Haiti (Cité Soleil, Chancerelles, 
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Sarthe) and in three ongoing MSF projects in Kunduz (Afghanistan), Masisi 
(DRC) and Tabarre (Haiti). Specific details about the surgical capacity and 
available resources at each site are shown in Table 7.1.

TABLE 6.1  Surgical capacity and available resources at the six study sites

Cité 
Soleil

Chancerelles Sarthe Masisi Kunduz

Operating rooms 3 2 1 2 2

Surgical beds 20 20 70 20 50

Level of intensive carea 1 – – – 2

Intensive care beds 3 – – – 4

Surgeons per shift for OT 2 2 1 1 2

Level of surgical skillb Senior Senior Senior Trainee Junior

Orthopaedic surgeons per  
shift for OT

2 2 1 – 3

Level of orthopaedic surgical 
skillb

Senior Senior Senior – Junior

Nurses per shift/per 20  
surgical beds

2 2 2 2 2

Level of surgical nursing skill Junior  Junior Senior Trainee Trainee

Hospital surgical infrastructurec Good Good Excellent Good Good

Hospital surgical equipment and 
supplyc

Good  Good Excellent Good Excellent

Type of patients presenting  
for orthopaedic care 

Mainly 
accidental 
trauma

Mainly 
accidental 
trauma

Mainly 
accidental 
trauma

Accidental 
and violent 
trauma

Accidental 
and violent 
trauma

Patient follow-up possible No No No No Yes

Internal fixation No No Yes No Yes

OT operating theatre
a Level of care (LOC) of 1 = continuous instrumental monitoring including noninvasive blood pres-
sure, pulse oximetry and heart rate + clinical surveillance (respiratory rate, Glasgow score, urine output, 
temperature, etc.); LOC of 2 = LOC 1 + continuous ECG monitoring and noninvasive mechanical 
ventilation
b Based on a staged classification system of military surgeons [11]
c Based on MSF infrastructure and equipment checklists
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6.2.2.1  Citésoleil, Chancerelles and Sarthe

On 12 January 2010, Port-au-Prince was devastated by an earthquake. More 
than 200,000 people were killed and some 300,000 people injured [12]. At 
the time of the earthquake, MSF Operational Centre Brussels (OCB) had 
been operational in Haiti since 1991 and as such it was able to launch a rapid 
and well-organised response. Surgical activities were a primary focus and were 
established in two existing Ministry of Health (MoH) structures (Cité Soleil 
and Chancerelles hospitals); meanwhile an old warehouse was converted into 
a hospital, and towards the end of February 2010 Sarthe hospital was opened 
exclusively for trauma care. All orthopaedic surgical activities were transferred 
to this facility.

6.2.2.2  Masisi

Masisi is an area of persistent conflict where MSF OCB, in collaboration with 
the MoH, has been supporting a General Referral Hospital in North Kivu prov-
ince since September 2007. In addition to the provision of free general health 
care, MSF also provides basic surgical/orthopaedic care at this hospital.

6.2.2.3  Kunduz

Afghanistan has suffered years of ongoing conflict, and MSF OCB fills a gap 
in the provision of trauma care through the Kunduz Trauma Centre which was 
opened in August 2011 in the northeastern province of Kunduz.

6.2.2.4  Tabarre

A Surgical and Trauma Centre was built new in the Tabarre neighbourhood 
of Port-au-Prince, Haiti and provides specialised care for visceral surgery and 
trauma patients, including orthopaedic care. It was created to address the gap in 
trauma care left by the 2010 earthquake. Quality standards were prioritised from 
the onset including infrastructure, material and human resources (qualified staff 
that had worked with MSF before in Sarthe hospital were hired). All types of 
trauma cases are seen at the centre.
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6.2.3  Orthopaedic Procedures

Orthopaedic interventions and their characteristics were classified according to 
a standardised system described previously [13]. At the time of the study, it was 
not possible to stabilise and treat any type of spinal fractures or provide pros-
thetic treatment for hip fractures, including open reduction and internal fixation.

6.2.4  Minimum Surgical Standard Requirements

In MSF there are seven basic prerequisites for surgical care:

1.	 Adequate infrastructure, including protection from the external envi-
ronment and appropriate electricity and lighting

2.	 Adequate water and sanitation provisions, waste management being a 
key priority

3.	 Availability of all essential disposables, drugs and equipment
4.	 Strict adherence to hygiene requirements and universal precautions
5.	 Mandatory use of sterile equipment for surgical and anaesthesia 

procedures
6.	 Capability for blood transfusion
7.	 Adequate human resources in quantity and quality

These requirements are stepped up if internal fixation procedures are per-
formed, due to the inherent risks and complications (e.g. osteomyelitis), includ-
ing frequent assessment and supervision:

•	 Improved air quality with filters
•	 Availability of water supply in quantity and quality
•	 Special orthopaedic accessory table, C-arm and single-use gowns and 

drapes
•	 Reinforced dress code and flows, use of hydroalcoholic solutions and sur-

face disinfectants
•	 Clearly defined clean and dirty circuits in sterilisation, autoclave (mini-

mum 90 l) and instrument disinfectants
•	 Qualified orthopaedic surgeons, nurses and infection control officers, 

physiotherapy specialists
•	 Availability of antibiotic culture and sensitivity
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6.2.5  Inclusion/Exclusion Criteria

Surgical interventions described in this study were limited to orthopaedic pro-
cedures and excluded any isolated soft tissue surgery not requiring specific 
orthopaedic instruments.

6.2.6  Study Period

Data on the orthopaedic surgical activities performed at the different study sites 
for the following periods were included: Cité Soleil (16 January to 25 February 
2010); Chancerelles (20 January to 25 February 2010); Sarthe (26 February 
2010 to 6 June 2011); Masisi (3 September 2007 to 30 June 2014); Kunduz 
(30 August 2011 to 30 June 2014); and Tabarre (13 February 2012 to 30 June 
2014).

6.2.7  Data Collection and Analysis

Data on all surgical/orthopaedic procedures performed in MSF programmes 
are routinely entered into a standardised logbook and transcribed into an elec-
tronic database (Microsoft Excel). Data for this study were sourced from this 
database. These data were aggregated at MSF OCB headquarters, reviewed for 
completeness and accuracy and validated by cross-checking with data held in 
individual patient records.

The data variables included: number of patients, number of surgical and 
orthopaedic procedures, type and number of orthopaedic procedures, intra-
operative deaths and overall postoperative infection rate.

Intra-operative mortality was defined as any death occurring during the 
induction of anaesthesia, the intervention itself or the immediate recovery 
period. A postoperative infection was defined as any surgery-related infection 
identified while the patient was hospitalised or at the outpatient clinic.

Data were analysed in Microsoft Excel using basic summary statistics.

6.2.8  Ethics

The study satisfied the MSF Ethics Review Board (Geneva, Switzerland) crite-
ria for studies using routinely collected data and was approved by the Comité 
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National de Bioéthique of Haiti. The study was conducted as a retrospective 
analysis of routine programme data, and informed consent was thus not sought 
from study subjects; however, identifying information was removed from all 
patient records prior to analysis.

6.3  RESULTS

6.3.1 Cité Soleil And Chancerelles, Haiti

While the basic minimum standards for surgery were able to be implemented, it 
was not possible to instigate the prerequisites needed for internal fixation in the 
short implementation period. Between 16 January and 25 February 2010, 170 
orthopaedic procedures were performed. Table 7.2 shows the different types 
of procedures that were performed. Amputations and reductions made up the 
majority of procedures (53 and 33 %, respectively, in Cité Soleil and 18 and 75 
%, respectively, in Chancerelles). The intra-operative mortality rate for all ortho-
paedic procedures was 1.9 % in Cité Soleil and 0.6 % in Chancerelles. Data on 
postoperative infections could not be captured due to the challenge of follow-up.

6.3.2  Sarthe, Haiti

After Sarthe hospital opened, it took 11 months to implement the prerequisites 
for performing internal fixation, with the first procedure being performed on 
5 January 2011. Between 26 February 2010 and 6 June 2011, 731 orthopaedic 
procedures were performed, of which 6 % were amputations, 25 % reductions, 
15 % external fixations and 17 % internal fixations. From the time when internal 
fixation began to be performed, it comprised 29 % of the procedures (Table 7.2). 
There were no intra-operative deaths. Data on postoperative infections could 
not be captured.

6.3.3  Masisi, DRC

It was not possible to meet the prerequisites for internal fixation (namely ade-
quate infrastructure and sterilisation, and qualified human resources); thus, it 
was not done. Between 3 September 2007 and 30 June 2014, 597 orthopaedic 
interventions were performed, of which 20 % were amputations, 48 % were 
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TABLE 7.2  Surgical activities and outcomes in the six study sites

Cité Soleil, n (%) Chancerelles, n (%) Sarthe, n (%) Masisi, n (%) Kunduz, n (%)

Period of study 16/01/10–
25/02/10

20/01/10– 
25/02/10

26/02/10–
06/06/11

03/09/07–
30/06/14

30/08/11–
30/06/14

New surgical cases 292 328 593 10,431 4,480

All surgical OT entries 634 428 1,061 12,909 9,276

All surgical procedures 674 437 1,079 13,658 11,527

All orthopaedic OT entries 103 166 722 584 3,805

Orthopaedic procedures 103 67 731 597 4,026

Amputations 55 (53) 12 (18) 42 (6) 113 (20) 212 (5)

Reductions 34 (33) 50 (75) 185 (25) 285 (48) 1,650 (41)

External fixation 7 (7) 4 (6) 111 (15) 43 (7) 790 (20)

Internal fixation NA NA 121 (17) NA 796 (20)

Others a 7 (7) 1 (1) 272 (37) 156 (25) 578 (14)

Intra-operative mortality rate for all surgical procedures 3/634 (0.5) 2/428 (0.5) 1/1,061 (0.1) 50/12,909 (0.4) 4/9,276 (0.3)

Intra-operative mortality rate for orthopaedic procedures 2/103 (1.9) 1/166 (0.6) 0/722 (0) 1/584 (0.2) 2/3,805 (0.05)

Overall postoperative infection rate ND ND ND 3.5 % 2.4 %

OT operating theatre, NA not applicable, ND no data available
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reductions, 20 % amputations and 7 % external fixations (Table 7.2). The intra-
operative mortality rate for all orthopaedic procedures was 0.2 %.

6.3.4  Kunduz, Afghanistan

From the time of the project launch, it took 18 months to put in place the prereq-
uisites for internal fixation, and the first one was performed on 23 January 2013. 
Between 30 August 2011 and 30 June 2014, 4,026 orthopaedic procedures were 
performed, of which 5 % were amputations, 41 % reductions, 20 % external 
fixations and 20 % internal fixations. During 2013, internal fixation procedures 
accounted for 32 % of all procedures and in 2014 for 38 % (Table 7.2). The intra-
operative mortality rate for all orthopaedic procedures was 0.05 %. During 2013, 
the reported postoperative infection rate was 2.4 %.

6.3.5  Tabarre, Haiti

Built to cater for high-level orthopaedic surgery, three days after opening, the 
first internal fixation procedure was performed, on 16 February 2012. Between 
13 February 2012 and 30 June 2014, 4,119 orthopaedic procedures were per-
formed, of which 2 % were amputations, 16 % reductions, 19 % external fixa-
tions and 47 % internal fixations. The proportion of internal fixations performed 
by year was consistent (Table 7.2). The intraoperative mortality rate for all 
orthopaedic procedures was 0.03 %. The postoperative infection rate was 2.8 %.

6.4  DISCUSSION

This study demonstrates that in LMIC settings affected by natural disaster or 
conflict, a high volume and wide repertoire of orthopaedic surgical procedures 
can be performed with good outcomes when minimum standards are in place. 
More rigorous procedures like internal fixation may not always be feasible. The 
high orthopaedic caseloads observed in this study emphasise the strong need 
for provision of orthopaedic surgery in settings afflicted by natural disaster and 
conflict. The challenge however is ensuring quality care against a backdrop of 
limited resources (material and human). Patients can end up paying a high price 
for substandard surgical care, not least: postoperative infections (including 
osteomyelitis), disability and even death. The principle of “do no harm” should 
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prevail at all times; if this principle cannot be upheld, then such surgery should 
not be undertaken at any cost.

According to the concepts outlined in the Donabedian model, quality 
of health care can be considered in the context of three domains: “structure”, 
“process”, and “outcomes” [14]. Structure describes the factors that affect the 
context in which care is delivered (e.g. hospital buildings, equipment, human 
resources); process defines the transactions between patients and providers dur-
ing the delivery of health care (i.e. those factors that influence how health care is 
delivered); and outcomes refers to the effects of health care on the health status 
of patients and populations. The minimum standards of care endorsed by MSF 
for orthopaedic surgery ensure that all the necessary “structural” elements are in 
place for maximising quality of care. MSF ensures that important process fac-
tors are upheld through comprehensive and standardised protocols for all levels 
of care (universal precautions and hygiene, clinical therapeutic care: e.g. anti-
biotic prophylaxis, postoperative pain management, thromboprophylaxis, etc.), 
appropriate record-keeping in patient files and anaesthesia and surgical records, 
and comprehensive data collection systems. In this study, we tried to assess the 
outcomes of these structural and process elements by looking at intra-operative 
mortality and postoperative infection rates. Low intra-operative mortality and 
postoperative infection rates across all study sites provide a fair indication that 
our quality of care is high. Table 7.3 summarises the interaction between struc-
tural and process inputs, outcomes and the scope of possible orthopaedic activi-
ties in three of our settings.

Basic orthopaedic procedures were possible in all of our study sites, while 
more demanding procedures such as internal fixation could only be performed 
at specific sites. Even then, the structural requirements needed to undertake 
this sort of procedure took as long as 18 months to implement in some settings. 
Staff expertise and skill level were large determining factors. Basic orthopaedic 
care can be performed by general surgeons, but more rigorous procedures, like 
internal fixation, unquestionably require the expertise of trained orthopaedic 
surgeons. And even when this level of expertise is available, the inherent risks 
of such a procedure need to be weighed up against the desired functional out-
come for the patient; in some cases, conservative treatment of closed fractures 
may be more appropriate. That all said, we recognise that while internal fixa-
tion is among the more demanding procedures in terms of infrastructure and 
resource requirements, other types of surgical interventions might in fact be bet-
ter indicated for many of the trauma cases and fractures that present, even when 
sophisticated operating theatres exist. In many cases, external fixation may be 



O
rt

ho
pa

ed
ic

 S
ur

ge
ry

 in
 N

at
ur

al
 D

is
as

te
r 

an
d 

C
on

fli
ct

 S
et

tin
gs

	
11

9 TABLE 6.3  Summary of key structural and process inputs and their relation to surgical outcomes and the scope of activities that can be performed in 
Tabarre, Kunduz and Masisi

Setting Structural components Structure 
level

Process components Process 
level

Outcomes Repertoire of orthopaedic 
procedures

Tabarre • �Sterilisation with segregated dirty 
and clean areas: yes

Advanced • �Antibiotic prophylaxis and 
therapy: good

Advanced Good • Closed reduction and cast

• �Operating room with reinforced 
aseptic measures: yes

• �Postoperative pain 
management: good

• �Closed reduction with 
percutaneous fixation

• CT scan: yes • Thromboprophylaxis: good • External fixation

• �Orthopaedic surgeons’ level 
of skills: all are specialists in 
orthopaedics

• Wound care: high • �Open reduction and internal 
fixation

• Nursing care: high • Intramedullary nailing

Kunduz • �Sterilisation with segregated dirty 
and clean areas: yes

Advanced • �Antibiotic prophylaxis and 
therapy: not always followed

Average Good • Closed reduction and cast

• �Operating room with reinforced 
aseptic measures: yes

• �Postoperative pain 
management: not every time 
followed

• �Closed reduction with 
percutaneous fixation

• CT scan: yes • Thromboprophylaxis: good • External fixation

• �Orthopaedic surgeons’ level of 
skills: mix between specialists 
in orthopaedics, surgeons 
and general practitioners with 
surgical skills

• Wound care: good • �Open reduction and internal 
fixation

• Nursing care: good • Intramedullary nailing
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Setting Structural components Structure 
level

Process components Process 
level

Outcomes Repertoire of orthopaedic 
procedures

Masisi • �Sterilisation with segregated dirty 
and clean areas: no

Average • �Antibiotic prophylaxis and 
therapy: not always followed

Average Good • Closed reduction and cast

• �Operating room with reinforced 
aseptic measures: no

• �Postoperative pain 
management: not always 
followed

• External fixation

• CT scan: no • Thromboprophylaxis: no

• �Orthopaedic surgeons’ level of 
skills: general practitioners with 
surgical skills

• Wound care: good

• Nursing care: good

CT computed tomography

TABLE 6.3  (Continued)
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the more appropriate choice of intervention over internal fixation, especially in 
natural disaster and conflict settings. In this way, even in those settings where the 
minimum requirements for a procedure like internal fixation do not exist, a high 
proportion of the trauma caseload may be able to be managed when a procedure 
like external fixation is possible [15–19].

There were a number of study limitations. First, data on postoperative 
infection rates were not available at all the study sites. Nonetheless, given that 
the level of care we provide is standardised across our projects, we would not 
expect these rates to differ widely from those sites where these data were avail-
able. Second, the repertoire of outcome measures in our study was limited to 
intra-operative mortality and postoperative infection. Other useful indicators 
would have included infection rates after internal fixation (particularly osteomy-
elitis) and disability indicators. Complications after internal fixation have been 
assessed in other MSF trauma centres (namely MSF Operational Centre Paris in 
its orthopaedic programme following the 2010 earthquake in Haiti, where 5 % 
of patients with internal fixation required this intervention to be repeated) [20]. 
Similar results might be expected in our study settings given that the policies, 
guidelines and protocols are the same.

In conclusion, in settings afflicted by natural disaster and conflict, where 
orthopaedic needs are high, good surgical outcomes can be achieved when con-
text-specific minimum standards are in place. We make a strong call for provid-
ers of surgical health care in any setting, particularly LMIC settings, to ensure 
that minimum standards of care are in place before such surgery is undertaken 
and to avoid more rigorous procedures when these standards cannot be met.
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7.1  INTRODUCTION

Natural disasters in low-income countries rapidly deplete available medical and 
social resources. Rescue teams are confronted with the challenge of medical tri-
age of critically ill patients when there are not enough supplies to treat every-
one. The complex and challenging decision to shift from active to palliative care 
in the disaster setting is rarely straightforward. The experience of one disaster 
team during their deployment after the 2010 Haiti earthquake is described and 
analyzed.

The National Disaster Management System (NDMS) of the United States 
recruits volunteer health professionals who train for disasters and are called 
up when the United States government declares a national or international 
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disaster  [1]. When on deployment, the disaster team members are federal 
employees. The command structure of NDMS follows the incident command 
system of the military. In Haiti, our team received our orders from our 
Commander-in-Chief (CIC) in Washington. On the ground, a direct com-
mander in chief was selected. The organization structure of the team followed 
the incident command structure set by our CIC. Our CIC was an EMT fireman. 
He organized the 63-team members into modules based on our work assign-
ments. Because we were working in an unsafe environment physically (there 
were daily aftershocks and unstable buildings) and politically (there was no 
effective government in Haiti and there were riots, looting, and gang violence), 
safety and security was the first priority of the CIC. One of the modules in our 
group was logistics. They were involved in obtaining supplies to keep our hos-
pital running. All supplies including medicines, medical equipment, food, and 
shelter were brought in from the United States. The team did not use any local 
resources so as to not deplete locally scarce supplies.

A chief medical officer was assigned to coordinate the medical efforts of the 
group. Daily briefings were held by the CIC about safety reports, supplies, team 
safety. The sign-out among the nurses and doctors occurred every 12 hours in 
their particular tent

This report describes three patients who required oxygen when oxygen sup-
plies were running out. The dilemma of triage is discussed and ethical questions 
are raised. How does one decide whom to give a limited resource to? How is this 
decision made? Who is responsible for making this decision? What is the impact 
on the medical team of rationing or withdrawing resources? One solution, to 
develop an embedded ethics presence within the team to guide and validate 
these dif cult decisions, is discussed.

7.2  CASE REPORT

United States Health and Human Services sent Medical Disaster Teams into 
Haiti after the January 12, 2010 earthquake. Our team of 63 people (including 
11 physicians, 29 nurses, 3 pharmacists, 2 respiratory therapists, and 18 logistics 
and security people) arrived in Haiti forty-eight hours after the earthquake. A 
perimeter and a mobile hospital unit were set up in a devastated region of Port 
Au Prince on the grounds of a destroyed hospital called Gheskio. There were 
two general medicine tents, a minor procedures tent for dressings and debride-
ments, an operating room, “ICU”, and children’s ward. We were able to shelter 
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35 souls at a time and tried to triage, treat, and discharge patients quickly. From 
the time the hospital was set up, we worked at full capacity and sheltered an 
additional twenty to thirty patients on army cots covered by mosquito netting 
on the grass perimeter.

We were surrounded by a tent city of survivors, rubble from buildings, 
and the constant shifting ground of aftershocks. Because the airport had been 
severely damaged and transport resources were devoted to a constant stream of 
people being airlifted out of Haiti, there was limited delivery of medicines, sup-
plies, and food into Haiti during the first two weeks after the earthquake.

Supplies were initially insufficient. For instance, while the most common 
injury was compound fractures of the arms, legs, and hips, external fixators were 
not available until our second week. Creative solutions included tying pieces of 
stone from the rubble to ropes swung over the poles of the army cots to use trac-
tion to realign the fractures.

One week after the earthquake, three critically ill patients arrived simul-
taneously to the Gheskio Field Hospital. N.S. was a 38-year-old woman who 
had decompensated congestive heart failure. She had been an inpatient at the 
University Hospital before the earthquake destroyed parts of the hospital. Her 
family had all died when their house crushed them. She was brought to us in 
severe respiratory distress. She received diuretics and oxygen.

J.P., the second patient, was a 25-year-old man who had survived under the 
rubble for three days until his family was able to dig him out. His severe crush 
injuries led to renal failure and then acute respiratory distress syndrome. He was 
emergently intubated and put on the respirator in the ICU tent.

The third patient was an infant with pneumonia who was intubated and ven-
tilated manually as there was only one mechanical respirator at the field hospital.

On the morning that the three patients arrived, the chief logistics officer 
informed us that we were getting low on oxygen and gasoline. He was concerned 
that we would run out of gasoline used to run our generators. Requests for these 
supplies had been made but because of the precarious situation at the airport, 
it was uncertain when we would receive the needed supplies. Other medical 
supplies such as pain medication, antibiotics, and cardiac medications were 
adequate.

By that evening, it was clear that oxygen supplies were low; however there 
was no group meeting called to discuss how to manage the crisis. By mid-
night, oxygen supplies were running out. In the medical tent where N.S. was 
being treated, the medical officer made the decision to turn down the flow rate 
of her oxygen tank to try to ration it. She was treated with more diuretics and 



128	 International Disaster Health Care

morphine to alleviate her panic from respiratory distress. The nurse taking care 
of N.S. spent the night trying to keep her comfortable. By morning, when the 
communications liaison identified another facility with resources, N.S. was 
transported without oxygen by a pickup truck to University Hospital in Port au 
Prince where oxygen was available. A doctor from our team transported her and 
tried to palliate her discomfort with inhalers. N.S. survived and was discharged 
after treatment.

J.P. and the infant were being managed in the ICU tent. The baby was hand 
ventilated using room air when her oxygen tank ran dry. The two respiratory 
therapists and the one pediatrician took turns squeezing the Ambu bag for 24 
hours. The pediatrician who was ventilating the infant suggested that J.P. should 
not be intubated when he developed respiratory distress and be allowed to die. 
The other physician in the tent refused and intubated him. J.P. was given the 
last remaining tank of oxygen. The baby and J.P. were transported by helicopter 
to the USNS Comfort Hospital Ship that was docked in the harbor. J.P. died en 
route. The baby survived.

7.3  DISCUSSION

7.3.1  Triage in a Disaster Setting

Disaster triage includes assessing survivors for types of injuries and survivability 
from injuries. Triage categories are described based on the need for immedi-
ate versus delayed care, and scoring systems or universal color coding are used 
for quick communication of triage assessments [2]. For instance, an immediate 
triage category (color red) signals a group needing immediate attention to sur-
vive. The delayed category victim (color yellow) has wounds that can be treated 
after the red group. The minimal category victim (color green) does not have life 
threatening injuries and can be managed at a later time. The expectant category 
(color black) will not survive and the focus should be on palliative care with a 
goal of alleviating suffering.

At the Gheskio Field Hospital, both the infant and J.P. had category red 
medical conditions. N.S, chronically ill for years was initially thought to be cat-
egory yellow but actively decompensated when oxygen was withdrawn. All three 
patients were believed to have life-threatening conditions that could be reversed 
with the right therapeutic interventions.
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7.3.2  Resource Availability

Resource availability is categorized as Normal, Good, Fair, and Poor [3]. With 
normal resources (categorized as “conventional” by the Institute of Medicine 
(IOM)), normal care is provided. For good resource availability (categorized 
as “contingency” by IOM), the functional equivalent level of care can be main-
tained by substituting and conserving resources. Fair resources are considered in 
the “crisis” category by IOM and triage is needed to prioritize those with moder-
ate life threatening injuries. The rational for this is that those with more severe 
life-threatening injuries will have higher resource requirements and worse prog-
nosis even with treatment. For poor resource availability (also categorized as 
“crisis” by IOM), moderate life-threatening injuries are prioritized but resources 
can be inadequate to treat even this group. Severe causalities are triaged to the 
expectant category.

Resources at Gheskio Filed Hospital were temporarily poor and in the “cri-
sis” category for resource availability after a week of continuous disaster work 
in Haiti. The team hoped to keep the category red patients alive until more 
resources arrived. However, oxygen ran out before the camp could be resup-
plied. Using the IOM analysis, the survivability of these three patients should 
have been reconsidered. While J.P. was young and healthy, he had sustained a 
devastating injury and was developing multi-organ system failure. Realistically, 
the likelihood of his survival was low. However, it was emotionally impossible 
for the staff caring for him to disengage. This led to conflict among team mem-
bers. A strong leadership presence with a “group huddle” to discuss events would 
have been helpful. In addition to these three patients, there were multiple other 
medical crises going on including a woman with a dysfunctional labor, five small 
children with amputations, and four people in the “expectant” category which 
included a woman dying of tuberculosis and AIDS, a woman with a severe crush 
injury, a pregnant woman with a broken neck, and a boy with tetanus. The CIC 
was chosen because of his strong logistics and security background, however 
because of his expertise in these areas, there was less leadership guidance on the 
challenges of medical management. Using the same analysis, while in an envi-
ronment with normal and “conventional” resources, N.S. would have been fitted 
with a home oxygen tank. She also might have been on a heart transplant list. 
In Haiti, a country without a single functioning hospital in Port Au Prince, it 
was only a matter of time before her chronic condition would deplete available 
resources. Given the huge need of other people who did not have chronic condi-
tions and who could survive, one might argue that oxygen should be saved for 
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them. The staff caring for N.S. could not make that decision and continued to 
give her the remaining oxygen.

7.3.3  Team Dynamics, Psychological & Behavioral Responses to 
Disaster Care

Our team and NDMS teams in general are required to participate in trainings 
through the year. Drills with volunteer victims to learn how to triage casual-
ties and allocate scarce resources are routinely performed. Yet in the heat of 
real crisis, the primary role as patient advocates collided with the intellectual 
knowledge of triage developed from drills. Therefore, it is important that part 
of leadership in the disaster setting involves constant guidance and discussion 
when these distressing decisions arise about whom to treat and whom not to 
treat. Studies of emergency responders show that they have a powerful sense 
of duty and deep commitment to help [4]. Despite adequate pre-disaster train-
ing, dysfunctional behavior can occur when responders are vastly overwhelmed 
and severely under-resourced. Additionally, dysfunction occurs when there are 
threats to personal safety and limited information about what is happening glob-
ally. In our team, we were physically uncomfortable due to the austere environ-
ment and heat. The air was filled with smoke from res in buildings, from burning 
of bodies, and from burning of tires during riots. There was wide spread frustra-
tion at the lack of adequate supplies. There was limited communication with the 
outside world and with other rescue sites on the ground because of a lack of cell 
phone function and destruction of land-line communications.

In the setting of severe stress, decision-making can be adversely affected. 
During Hurricane Katrina, thirty-four patients died at Memorial Medical Center. 
The staffs, who were not trained in disaster management, made decisions about 
patient care and triage that were later questioned. One editorial concluded that 
training and community discussions about what care should be provided when 
there are crisis category resources after a disaster [5]. Our experience in Haiti 
suggests that training is not enough.

7.3.4  Ethical Resources for Disaster Work

Theoretical ethical analyses of disasters offer ethical frameworks to help pro-
fessionals identify the obligation to preserve life, name crises in resources, and 
even to consider euthanasia in settings of irresolvable suffering [6]. Pre-disaster 
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training is important. Other tools include Edwards and Robey’s “Virtual 
Mentor” [7]. They discuss three strategies for approaching ethical issues:

1.	 anticipate and practice;
2.	 use pre-existing ethical frameworks;
2.	 build a scaffolding within which to place issues.

Hunt discusses the importance of establishing “moral bearings” in humani-
tarian work [8]. He identifies specific challenges that impact the uncertainty of 
the ethical decision-making in acute emergencies that include:

1.	 the level of achievable care is much lower than health care providers are 
used to;

2.	 in contexts of resource scarcity, increased instability, and widespread 
health needs, population health concerns abound;

3.	 in humanitarian settings the volume and urgency of needs of the local 
population are elevated and providers often work extremely long shifts 
causing exhaustion and have limited opportunity to debrief.;

4.	 important differences exist between cultural frameworks in how health, 
wellness, disease and disability are understood and experienced;

5.	 imbalances of power occur between providers and patients; and
6.	 there is less regulatory oversight and professional accountability in the 

field than at home.

Hunt suggests asking several focused questions to help understand the 
appropriate action. These questions listed here in italics could have guided deci-
sion making during our dilemma of managing the three patients who required 
the diminishing supply of oxygen:

1.	 Identify/clarify the ethical issue

a)	 What is the issue that we are experiencing?
	 Who should receive the limited oxygen resource?

b)	 What is at stake and for whom?
	 All three patients are at risk of dying without the oxygen.

c)	 How is this issue experienced/understood from different perspectives?
	 All of the team is aware of the consequences of withdrawing oxygen 

from the three patients. There was disagreement about who should 
receive oxygen based on differing assessments of survivability.
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2.	 Data gathering and attention to context

a)	 Who can contribute to helping us understand this issue better?
	 Information about when more supplies could be obtained would 

have been helpful. Understanding what resources other NGO tent 
hospitals in the area had available would have allowed earlier trans-
fer of patients that we could not have taken care of.

b)	 How do organizational features influence the issue?
	 There was no embedded ethics committee within the organiza-

tion of our team on the ground. It would have defused the tension 
to have an ethics subgroup of the team assigned to support team 
members about the dilemma of choice of who would receive oxy-
gen. An ethics presence could have also weighed-in on who was the 
most appropriate recipient of our scarce resource.

c)	 What is the impact of the professional and social norms of our home 
countries on how we understand this issue?

	 The professional norms of the team heavily impacted the choices 
they made. The physician who decided to intubate J.P was an 
emergency room physician who could not watch the young man 
die when she knew she could prevent his death by intubation. The 
nurse, who worked in an intensive care unit in her home hospital, 
was traumatized by watching N.S. gasp for air all night long because 
of inadequate oxygen.

d)	 What is the impact of this issue on collaboration and trust among the 
team?

	 The team works because of collaboration and an acceptance of 
command decisions. When a situation such as running out of oxy-
gen occurs, this stresses the trust relationship between team mem-
bers. Trust between team members requires that there is open 
communication and collaborative problem solving.

e)	 How are imbalances of power relevant to the issue?
	 The command structure prevented a flexible problem-solving 

approach in this situation of crisis. The command focus was on 
the safety of the team members and did not allow problem solving 
about ethical issues. The choice of a logistics and security expert 
understandably occurred because of the unstable nature of the 
country. However, greater thought to structuring a medical leader-
ship should have also occurred.
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3.	 Exploration of ethics resources

a)	 What ethics resources and approaches can assist us in evaluating this 
issue?

	 The most important resource would have been an a priori estab-
lishment of an in-team ethics group. It would have been impor-
tant to give the ethics group authority to weigh-in on contentious 
issues. The values and norms continue to be the observance of tri-
age of victims by severity of injury plus an acknowledgement of 
the scarcity of resources. Group discussion of these limitations and 
emotional support to team members in distress is vital.

7.3.5  The Ethical Landscape of a Disaster

Disaster responders have a moral compulsion to help in a disaster. They come 
into the disaster environment with a developed sense of ethical justice. Justice 
in this setting includes a sense of obligation to the victims. In the field, the lack 
of resources and the overwhelming number of injuries and victims can lead to 
despair and post-traumatic stress on the part of the providers. Providing an ethi-
cal framework and a moral landscape can lighten the burden of these providers, 
reduce tension between colleagues, and help with dif cult decisions. Edwards 
and Robbey [7] review the four ethical skills of:

1.	 Recognition: What is the ethics issue in this case? Reasoning: What 
options are there, and what are the potential harms and benefits of each? 
What is at stake in this decision?

2.	 Responsibility: What are my professional obligations?
3.	 Respond: What will I do, and why?

This simple articulation frames the most terrible of dilemmas. Additionally, 
the need for a disaster ethics committee takes the burden of these “Sophie’s 
Choices” off the individual providers. There is a need for training of selected 
individuals on the disaster team in ethics. The most workable model for an 
ethicist(s) on a disaster team is ethicist as a team member [9]. The wisdom 
of who should decide life and death decisions in a non-disaster setting is use-
ful to support a similar practice in the disaster setting. Decisions should reflect 
the various segments of the community and no decisions can be made in iso-
lation of that community [10]. Disaster medicine occurs within the fabric of 
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a community that has been damaged or destroyed. One of the challenges of a 
disaster team is to identify local cultural leaders to help guide decisions. The eth-
ics subgroup within the team should be tasked to explore community resources.

The United States National disaster team is, by its nature, a team that is 
trained to accept the authority of its commanders. The addition of an ethicist 
as an authority would be well received. The nature of authority per se and for 
an ethics consultant has been explored [11]. The two components to authority 
are epistemic and competence. Additionally, authority in action solidifies the 
status of the ethicist. This would definitely occur in the disaster field. Finally, 
the disaster team ethicist can help open up a moral space for discussion among 
team members. Having such a resource on the team emphasizes the importance 
of these issues in both decision-making and in the support of the team members. 
There is a need to find some existential meaning to the outcomes of disasters. 
Disaster responders feel that their participation in the alleviation of suffering 
gives meaning to the chaos and misery. The available ethical tools should be 
deployed to help bring clarity to impossible situations and prevent team mem-
bers from feeling isolated when tough decisions need to be made.

7.3.6  Communication as Part of Ethics Work in Disasters

Decision making in disasters should use five domains to help guide responders: 
triage and allocation, ethical concerns of patients and families, ethical responsi-
bilities to providers, conduct of research, and international concerns [12]. This 
report focuses on the dilemmas providers confront in the first domain: triage 
and allocation.

Disaster management communication is vitally important during disasters 
[13]. Developing a language of quick sign-outs to identity ethical issues will help 
teams work efficiently and reduce conflict. Research is needed into responders’ 
choices and how to best develop guidelines [14]. Additional training with real life 
scenarios, development of triage plans, and the use of ethics consults can minimize 
the burden of emotional and cognitive dissonance on providers in the field [15].
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8.1  INTRODUCTION

In the past few decades, with the frequency of emergencies increasing, the result 
is a worsening negative effect on the society and the economy. For example, Sarin 
gas attacked on Tokyo subway in 1995. Severe Acute Respiratory Syndromes 
(SARS) as an epidemic disease spread in 2003 in China. The southern big snow-
storm and Wenchuan earthquake happened in 2008 in China. In addition, the 
earthquake occurred in Yaan and Chile, and so on. All these emergencies lead 
to heavy loss of human lives and property [1]. An enormous amount of relief 
is required in order to reduce or relieve this loss. And the suddenness of these 
emergencies shows that it is difficult to predict or the interval time between 
forecasting and occurrence, which is extremely short. All this puts forward new 
challenges for emergency logistics system. Therefore, this paper focusing on an 
emergency logistic system that has certain practical significance.

The emergency logistic system discussed here indicates that an emergency 
situation, to meet (or finish) the urgent (or sudden) logistic demand of the vic-
tims. This is the process of effective planning, managing, and controlling relief 
efforts, (sudden) logistic demands of victims; it is also the process of effective 
planning, managing, and controlling of relief efforts, information and rescue 
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service from supply point to demand point. Improving the accuracy and reli-
ability of relief demand forecasting is an effective solution to reduce or relieve 
the serious results of emergencies. By analyzing the relief types and characteris-
tics of relief demand, it shows that a reasonable and proper forecasting method 
can make for distributing relief efficiently and quickly as well as avoiding the 
phenomenon that supply-demand imbalance and relief distribution delay. 
Therefore, the study of the relief demand forecasting problem in emergency 
logistic system has a certain practical and theoretical significance.

In comparison, research has mainly focused on relief transportation and dis-
tribution in the emergency logistic system [2]. And the relief demand amount 
to affected areas is known as indicated in this literature. It is treated as a prereq-
uisite. However, during the emergency response process, in reality, it is difficult 
to obtain the information (e.g. quantity, type, demand structure, etc.) about 
relief demand because of being limited by various objective conditions. Recent 
years, aiming at this problem, scholars have applied various theories, methods 
and techniques to predict the relief demand amount of each affected area in the 
emergency logistic system. Meanwhile, there are a lot of achievements. These 
methods can be classified into two groups, namely quantitative and qualita-
tive methods. Qualitative method or theory includes Fuzzy Comprehensive 
Evaluation (FCE) [1], Analytic Hierarchy Process (AHP), and Delphi. 
Quantitative method or theory includes time-series [3] [4], comprehensive 
analysis [5], case-based reasoning [6]-[9], information entropy [10], and safety 
stock [11], and so on. Above all, the techniques or technologies of relief-demand 
forecasting completely developed from qualitative analysis to combine qualita-
tive with quantitative methods, and from linear statistical analysis to the nonlin-
ear artificial intelligence method.

In this paper, we categorize relief from the point view of government and 
academia, and then explain the relationship between relief categorization and 
demand forecasting. Then we look at the characteristics of relief-demand, such 
as suddenness, uncertainty, timeliness, and stage. Finally, an overall conclusion 
on the current development of relief demand forecasting method is given.

8.2  RELIEF CLASSIFICATION IN EMERGENCY LOGISTIC SYSTEM

Relief work discussed here refers to all types of material needed during the emer-
gency response process. It is necessary to classify all relief in order to enhance 
the efficiency of scheduling and the forecasting accuracy of relief demand. Relief 
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classification enhances emergency preparedness and readiness by the whole 
community through a system that allows jurisdictions to augment their capabili-
ties during an incident.

8.2.1  Relief Classification from the Point View of Government

There are many classification methods on relief work at home and abroad. For 
instance, Federal Emergency Management Agency (FEMA) mentioned that 
relief can be classified into nine categories, namely:

1.	 emergency medical services resources
2.	 incident management resources
3.	 medical and public health resources
4.	 law enforcement resources
5.	 public works resources
6.	 search and rescue resources
7.	 mass care resources
8.	 fire and hazardous materials resources
9.	 animal emergency response resources

Each category is compiled separately in the manual.
In Japan, according to the application of relief, disaster emergency material 

includes three categories, namely:

1.	 foods
2.	 daily articles
3.	 self-help tools

Australian Federal Government Emergency Management Agency divides 
relief into physical resources and technical resources in their Overseas Disaster 
Rescue Plan. And resource in emergency management arrangement includes 
search and rescue resources, medical aid resources, foods and others.

Emergency support material classification and production list made by the 
Ministry of Civil Affairs of the People’s Republic of China shows that relief can 
be divided into thirteen categories, namely:

1.	 protective equipment resources
2.	 life-saving resources
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3.	 life support resources
4.	 load and transport resources for rescue
5.	 temporary accommodation resources
6.	 pollution and clean-up resources
7.	 power fuels resources
8.	 engineering equipment resources
9.	 engineering materials resources
10.	 equipment tools resources
11.	 lighting equipment resources
12.	 radio communication
13.	 resources and transport resources

8.2.2  Relief Classification from the Point View of Academia

In the literature [12], professor Fiedrich from Karlsruhe University of Germany 
treated initial or key rescue stage in earthquake disaster as his object. Relief 
efforts are defined as the machines and equipment which can be used to simul-
taneously work at different affected areas. In detail, they include six categories, 
namely:

1.	 search-and-rescue group (to accomplish rescue tasks)
2.	 crane (to accomplish lift tasks)
3.	 hydraulic excavator (to use for lift and load tasks)
4.	 wheeled loader (to use for load tasks)
5.	 truck (to accomplish transport tasks)
6.	 roller (to use for compact tasks)

However, this literature only focuses on different equipment used in search 
and rescue areas, stabilizing areas, and rehabilitation areas. And it belongs to 
similar resource allocation problems.

In other literature [10] [11], considering the emergency logistic distribu-
tion problem for quick response to urgent relief demand during earthquakes, 
professor Sheu from National Chiao Tung University in Taiwan considers two 
types of urgent relief needed in affected areas including, daily used equipment 
for refugees and daily consumed relief. What’s more, the former mainly refers to 
water and meal boxes, and the latter refers to sleeping bags and camps.
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In still other literature [13], based on the characteristics of rescue opera-
tional process in flood disaster management, Qin from Xi’an Jiaotong University 
in China mentioned that these necessary emergency materials can be classified 
into two categories, namely response resources (e.g. sandbags and protection 
network) and recovery resources (e.g. food and medicine). During the process 
of emergency handling, the relationship between the two relief efforts is inde-
pendent. However, due to the complexity and seriousness of this problem, this 
relationship is non-linear and stochastic. In addition, some scholars have divided 
the relief needed in emergency management of drought disaster into pumping 
equipment and irrigation equipment.

According to the detailed description given above, we can conclude that 
emergency relief comes in various types. The forecasting methods for differ-
ent types of relief are various (or they make a distinction between these meth-
ods). So relief classification is the prerequisite and basis in terms of forecasting 
relief-demand amounts in emergency logistic systems. During the emergency 
response process, if only to master the relief classification related information 
clearly, the amount of relief-demand can be predicted exactly.

8.3  RELIEF DEMAND FORECASTING IN EMERGENCY LOGISTIC 
SYSTEM

8.3.1  The Characteristics of Relief Demand

After an emergency, the relief demand in the affected areas has four features:

1.	 suddenness
2.	 uncertainty
3.	 timeliness
4.	 stage

8.3.1.1  The Sudden of Relief-Demand

Suddenness is the most typical characteristic of emergency. This suddenness 
reflects not only the accidental occurrence of emergency but also the change 
process of disaster elements from quantity to quality. It is this suddenness of 
emergency that leads also to the suddenness of relief-demand.
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8.3.1.2  The Uncertainty of Relief-Demand

This characteristic is relatively obvious by comparison with the traditional mate-
rials demand. With the development of the emergency response process, the 
relief demand in the affected area is dynamically varied. The consequences or 
phenomenon of an emergency, such as serious damage to infrastructure, the 
blocking of communication, and the block of transportation, results in some 
information being unable to be obtained in time. This information is involve 
with the total number of fatalities, the population consistency, and the degree 
of damage in the affected area. The unsymmetrical phenomenon of information 
occurs between the victims and decision-makers. Thus the amount and type of 
relief demand raises uncertainty.

8.3.1.3  The Timeliness of Relief-Demand

Time is the key factor that needs to be considered with the relief allocation prob-
lem during the emergency response process. Relief transportation from supply 
point to demand site or the affected area should be accomplished as soon as possi-
ble. That is the primary task during emergency response process. Time is limited 
for decision-makers after emergency. It is necessary to make the relief allocation 
scheme in time for decision-makers instead of missing the best chance. In addi-
tion, the timeliness of relief arriving at the affected area has a direct effect on the 
range damage caused by the emergency. To a certain extent, if relief efforts arrive 
in time it can reduce the occurrence frequency of a sub-emergency or secondary 
emergency. Thus it can relive the loss caused by emergency.

8.3.1.4  The Stage of Relief-Demand

The emergency response process can be refined to three stages in terms of 
golden rescue stage, buffer rescue stage, and the recovery stage [14]. Different 
stages have different relief-demand structures. For example, the large rescue 
equipment and medicine articles are rare during the golden rescue stage. In the 
buffer rescue stage, the quantity of demand on tents and foods has a larger scale. 
Analyzing the characteristics of relief-demand properly is good step toward 
identifying the focused or key problem during the process of designing a relief 
demand forecasting method in the emergency logistic system.
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8.3.2  Relief Demand Forecasting Method in Emergency Logistic 
System

The process of relief allocation in an emergency logistic system involves four 
parts:

1.	 relief-demand forecasting
2.	 groping the affected area
3.	 classification of the victims
4.	 relief distribution

It is depicted in Figure 9.1 in detail.
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3.2.	Relief	Demand	Forecasting	Method	in	Emergency	Logistic	System	
The process of relief allocation in emergency logistic system involves in four parts including relief-demand fore- 
casting, groping the affected area, classification of the victims, and relief distribution. It is depicted in Figure 1 
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3.2.1.	The	Qualitative	Methods	of	Relief	Demand	Forecasting	
At the beginning of emergency management, traditional relief-demand forecasting of the affected area mainly 
depends on decision-makers’ experience and experts’ judgment subjected to various limitation constraints. Ex-
pert scoring method has been applied widely into relief-demand forecasting including Delphi, Fuzzy Compre-
hensive Evaluation (FCE), and Analytic Hierarchy Process (AHP). To a large extent, Expert scoring method is 
suitable for complex relief-demand forecasting. But this method is too subjective to explain. Above all, the ap-
plication of this method in relief-demand forecasting of real emergency is limited seriously. For instance, Sun [1] 
proposed a fuzzy rough set approach to emergency material demand prediction over two universes. 
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Figure 1. The relief distribution process of emergency logistic system. Data source: finished based on literature [10]-[11] [14] 
by authors.                                                                                             FIGURE 8.1  The relief distribution process of emergency logistic system. Data source: 

finished based on literature [10]-[11] [14] by authors.

According to Figure 8.1, we can find that relief demand forecasting in the 
affected area plays an important role in the process of distribution. The rescue 
effects directly depend on the accuracy of relief-demand forecasting.

Meanwhile the selection of a forecasting method is the key problem. 
Recently, there’s a lot of research in the field of relief-demand forecasting meth-
ods in emergency logistic system. Also there are more fruitful achievements.

In this paper, on the basis of relief classification, by analyzing the character-
istics of relief-demand, we make a conclusion about a relief demand forecasting 
method in an emergency logistic system in terms of quantitative method and 
qualitative method.
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8.3.2.1  The Qualitative Methods of Relief Demand Forecasting

At the beginning of emergency management, traditional relief-demand 
forecasting of the affected area mainly depends on decision-makers’ experi-
ence and experts’ judgment subjected to various limitation constraints. The 
expert scoring method has been applied widely into relief-demand forecast-
ing, including Delphi, Fuzzy Comprehensive Evaluation (FCE), and Analytic 
Hierarchy Process (AHP). To a large extent, the expert scoring method is suit-
able for complex relief-demand forecasting. But this method is too subjective 
to explain. Above all, the application of this method in relief-demand forecast-
ing of real emergency is limited seriously. For instance, Sun [1] proposed a 
fuzzy rough set approach to emergency material demand prediction over two 
universes.

8.3.2.2  The Quantitative Methods of Relief-Demand 
Forecasting

The qualitative method can’t adapt well to emergency management over 
time. Based on qualitative analysis, scholars have introduced various quan-
titative methods to predict the relief-demand amount in the emergency 
logistic system. With the development of emergency management and sta-
tistics, scholars begin to apply some statistics analysis methods to the field 
of relief-demand forecasting. They are mainly time-series forecasting meth-
ods (e.g., Autoregressive and Integrated Moving Average-ARIMA, exponen-
tial smoothing models, and independent identical distribution models) and 
comprehensive analysis methods. However, the amount of relief-demand after 
an emergency usually shows a great deal of non-linear and non-regulatory 
attributes, which result in the traditional statistic method being ineffective 
for forecasting. What’s more, the quantitative methods include the artificial 
intelligence model (e.g. Neural Networks), case-based reasoning, information 
entropy theory, and safety stock modelling. The following section will con-
centrate on the latter three methods’ application in the field of relief-demand 
forecasting in emergency logistic system.
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8.3.2.2.1  Relief Demand Forecasting Based on Case-Based 
Reasoning

The case-based Reasoning (CBR) method is proposed in dynamic memory 
written by Roger in 1982. It has been applied and gradually verified by his stu-
dents over time. In recent years, scholars have begun to apply CBR method 
to relief-demand forecasting. In detail, it involves unconventional emergency, 
water transport emergency, and public emergency. The representatives of this 
approach include Professor Liu of Tsinghua University, Professor Liu Mao 
of Nankai University, Professor Zhuang Yaming of Southeast University, and 
Deng Shoucheng, engineer. All in all, relief-demand forecasting based on CBR 
is composed of retrieve, reuse, revise and retain [15], which is depicted in 
Figure 9.2.
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Figure 2. Process of relief-demand forecasting based on CBR. Data source: 
finished based on literature [15] by authors                                

FIGURE 8.2  Process of relief-demand forecasting based on CBR. Data source: finished based 
on literature [15] by authors.

In detail, the process of CBR can be described as follows. Analyze the influ-
encing factors of relief-demand based on relief classification by combining 
with the characteristics of relief-demand forecasting process. Then abstract the 
features of indexes, determine the weight of the index, calculate the similarity 
between the target case and source case based on the formula (9.1), and obtain 
the amount of relief in the target case or emergency.
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In formula (8.1), the target case is denoted by T, the source case is denoted 
by Ci, and the similarity between target case and source case is denoted by 
Sim(T,C) . Relief-demand forecasting based on the Case-based Reasoning 
method needn’t depend on the infinite model. It improves the efficiency of solv-
ing the problem by reusing the past solutions. At the same time, it can cause 
continuous learning by acquiring new knowledge from the cases.

8.3.2.2.2  Relief Demand Forecasting Based on Information 
Entropy Theory

Entropy theory was put forward by Rudolf Clausius, and first applied to ther-
modynamics field. With the development of this theory, its applications became 
wider. Up until 1948, Shannon was the first scholar to introduce entropy into 
the information field. Professor Sheu [10] assumed that the time-varying relief 
demand needed in a given affected area is highly correlated with the number 
of survivals. Based on this prerequisite, some literature [10] studied daily-con-
suming relief, such as water, meal boxes and so on, as a distribution problem. 
They then proposed an entropy-based weighting technique to fuse multi-source 
fatality data in real time, calculate the number of fatalities in the affected area at 
current time, and predict the number of relief-demands. Its expression can be 
denoted by formula (8.2).

	 1( ) ( ) ( )i i iD t S t L z VAR t Laa -= ´ ´ + ´ ´ 	 (8.2)

In formula (8.2), Di(t) represents the instantaneous relief-demand of the 
affected area. a is a parameter representing the average hourly relief demand 
needed per survival in the affected area. L  is the upper bound of the tolerable 
lead time for relief distribution to any given affected area. And the parameter α 
should meet the equation as follows.

	 ( )( ) 1iProb L D t a£ = - 	 (8.3)
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In addition, Si(t) represents the instantaneous amount of relief-demand 
needed by the trapped survivals in affected area. It can be noted by:

	 Si (t) = δi – Xi (t)	 (8.4)

where, δi represents the existing population of affected area, which is assumed 
to be available in advance from the socio-economic database of the correspond-
ing local government. The accumulated number of fatalities associated with a 
given affected area is denoted by Xi(t). This variable is related with the uncer-
tainty level of information source in the given affected area. That is to say, Xi(t) 
is related with H(t) representing information entropy. It is can be denoted by:
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VAR (t)i represents the temporal variability of relief demand, which is given 
by:
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8.3.2.2.3  Relief Demand Forecasting Based on Safety Stock Theory

Professor Sheu from National Chiao Tung University in Taiwan [11] assumed 
that the time-varying relief demand needed in a given affected area is highly cor-
related with the number of corresponding local survivals, with similar conclu-
sions being drawn in the literature [10]. This paper treated daily-consuming 
relief and daily-used equipment as its object. According to the characteristics of 
the relief efforts, the relief-demand forecasting method after emergency can be 
given respectively. Thus in terms of daily consuming relief, the demand amount 
includes two parts—safety stock and the real demand of survivals—which is 
given by

	 { }( ) max ( ) ( ) ,0i t iD t t STD t Lα δ= × × × 	 (8.7)
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And, in terms of daily-used equipment, the demand amount of this relief 
considers three parts, which can be denoted by:

	 Di (t) = max {α × δi(t)+bi – C,0}	 (8.8)

For formula (7) and (8), parameter a, L  and α has the same meaning with 
formula (2). And δi (t) represents the estimated number of survivals trapped in 
an affected area in a given time interval t. The corresponding buffer demand or 
safety stock associated with this relief is denoted by bi. C represents the accumu-
lated time-varying amount of relief arriving at the affected area in a given time 
interval t. The time-varying standard deviation of relief demand associated with 
the affected area is denoted by STD (t)i.

All the methods of relief-demand forecasting mentioned above were all 
applied more or less to the process of relief distribution in some real cases, 
such as the massive earthquake that measured 7.3 on the Richter scale, which 
occurred in central Taiwan, the southern big snowstorm and the Wenchuan 
earthquake that happened in 2008 in China, and the 8.2 magnitude earthquake 
that occurred in Chile in 2014, and so on.

8.4  CONCLUSIONS

For a variety of emergencies, the phenomena that is supply-demand imbalance and 
relief distribution delay in the emergency logistic system have attracted more atten-
tion from various professionals. For this problem, enhancing the relief-demand fore-
casting accuracy is an effective solution. Fundamentally, the forecasting accuracy is 
highly correlated with relief classification, the characteristics of relief-demand in the 
affected area, and the selection of a relief-demand forecasting method.

In this paper, we analyze and summarize the relief-demand forecasting prob-
lem in the emergency logistic system based on the main premise that relief clas-
sification—the analysis of demand characteristics—is the best relief-demand 
forecasting method. This paper makes a conclusion as follows:

1.	 Identifying the relief classification and the characteristics of relief-
demand in the affected area is the basis and prerequisite of relief-demand 
forecasting in an emergency logistic system.

2.	 The proper and reasonable forecasting method selected is an effective 
way of avoiding the phenomenon that supply-demand imbalance and 
relief distribution delay.
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3.	 The relief-demand forecasting that demand method develops from is 
based on experience or expert judgment towards quantitative, informa-
tion technology and intelligence.

Above all, during the era of rapid development of information technology, 
cloud computing and big data bring relief-demand forecasting not only chal-
lenges but also opportunities.
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9.1  INTRODUCTION

In the wake of disasters, various public health, emergency response, and gov-
ernment agencies must work together to implement preparedness plans and 
mount an effective response that may include activities as varied as opening and 
operating shelters, rapidly assessing unmet needs for utilities and other essen-
tial services, and providing services such as debris removal to residents. Since 
2002, federal funding for public health preparedness has been provided by the 
Centers for Disease Control and Prevention (CDC) to state, local, tribal, and 
territorial public health departments through the Public Health Emergency 
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Preparedness (PHEP) cooperative agreement. PHEP cooperative agreements 
are the main source of funding local health departments (LHDs) use to develop 
and maintain their ability to effectively respond to public health threats, includ-
ing infectious diseases, natural disasters, and biological, chemical, nuclear, and 
radiological events [1]. Many states have used PHEP funds to fund positions 
for public health preparedness coordinators (PCs). These PCs lead the LHD’s 
efforts related to planning, exercising, and working with partners and volunteers 
that are necessary to improve the capacity of LHDs to plan for, respond to, and 
recover from public health emergencies.

In recent years, PHEP funding has declined significantly. From fiscal years 
2005–2012, federal preparedness funds to state and local health departments 
from CDC were reduced more than 38% (adjusted for inflation) [2] Economic 
surveillance surveys conducted by the National Association of County and City 
Health Officials (NACCHO) from 2008–2011 found that many LHDs have 
experienced budget cuts, loss of staff, and service reductions [3]. In 2011, 23% 
of LHDs surveyed by NACCHO reported that they had reduced or eliminated 
their emergency preparedness program, making it the program area, along with 
clinical health services, most frequently cut [3]. At the same time, the eco-
nomic recession has negatively impacted funding for emergency management. 
The National Emergency Management Association estimates that more than a 
dozen states have eliminated positions in emergency management or furloughed 
employees, negatively affecting planning, training, and exercises [4]. Perhaps 
more critically, nearly 60% of states report difficulties in meeting the 50% match 
required for their state to receive funding from the Emergency Management 
Performance Grant, the only source of federal money directed to state and local 
governments for planning, training, exercises, and personnel for all-hazards 
emergency preparedness [4].

Historically, emergency managers have operated under the “command and 
control” paradigm, in which response activities were mandated by governments 
and executed by local law enforcement, fire departments, and emergency medical 
services [5,6]. Emergency managers were tasked with coordinating emergency 
operations of various responders, ensuring communications, and providing 
linkages to policy makers [7]. More recently, emergency management has effec-
tively transitioned to a focus on all hazards and comprehensive emergency man-
agement, which includes natural and technological disasters, as well as public 
health emergencies such as intentional events (e.g., the anthrax attacks of 2001) 
and naturally occurring pandemics (e.g., the 2009 novel influenza A (H1N1) 
pandemic). For example, principles for emergency management developed after 
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the failed response to Hurricane Katrina in 2005 call for progressive, integrated, 
collaborative, coordinated, and flexible emergency managers [8]. In addition, 
the threat of bioterrorism has led to a greater appreciation of the importance 
of public health as first responders, and has increased coordination between 
public health and emergency response. Because public health organizations are 
well-engaged with their communities and are skilled in communications and 
outreach, disaster preparedness and response may be improved by combining 
the resources of public health with those of emergency management. As a result, 
emergency management and public health preparedness agencies and officials 
have increasingly been able to collaborate to develop emergency response pro-
tocols and promote community resilience [9].

In recent years, given the reduced threat of bioterrorism and increased threat 
of emerging infectious diseases (e.g., the 2009 novel influenza A (H1N1) pan-
demic), the importance of public health in emergency response has earned greater 
recognition and efforts to bridge the divide between emergency management 
and public health preparedness have increased. A schism still exists, however, 
between the two disciplines. Next steps in nurturing this relationship include the 
clarification of roles and responsibilities between county governments and health 
departments, and the development of preparedness plans that are clear, action-
able, and proven through table-top exercises and simulations [10].

In light of recent budget cuts to LHDs and emergency management, some 
counties have been forced to reduce their workforce and reallocate responsibili-
ties related to emergency preparedness and response. In six North Carolina coun-
ties, the role of public health preparedness coordinator has been merged with 
emergency management, emergency medical services, or hospital emergency 
management. To our knowledge, this experience is unique to these counties, and 
it is unclear how well this arrangement will affect emergency preparedness and 
response. To better understand the impact of combining these workforce assets 
in North Carolina, a study aimed at describing the roles and responsibilities of 
these merged positions was carried out by the North Carolina Preparedness and 
Emergency Response Research Center (NC PERRC) at the University of North 
Carolina at Chapel Hill Gillings School of Global Public Health.

9.2  EXPERIMENTAL SECTION

Interviews were conducted with individuals performing roles that covered 
shared responsibilities in emergency management, emergency medical services, 
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hospital preparedness, and public health preparedness. Three initial key infor-
mants (KIs) were identified through informal communication between the 
research team and attendees at the N.C. Division of Public Health’s Office of 
Public Health Preparedness and Response annual Preparedness Coordinator 
conference. Individuals initially contacted for interviews were then asked 
to identify others who might be working in the same or a similar capacity. 
Individuals were considered eligible to participate in the study if they reported 
having regular job responsibilities that included both emergency management, 
emergency medical services, or hospital-based emergency manager and public 
health preparedness coordination; represented a county of the state of North 
Carolina; and were based in a county government office, a county health depart-
ment, or a county hospital system.

Semi-structured phone interviews were conducted by a pair of interview-
ers with six KIs from the following counties in North Carolina: Columbus, 
New Hanover, Orange, Stokes, Wilson, and Yadkin (Figure 9.1). The inter-
view guide was adapted from one used in a previous NC PERRC research proj-
ect examining the structural capacity of Public Health Regional Surveillance 
Teams [11]. It included open-ended questions regarding the nature of the posi-
tion in each county, the KIs opinions on the usefulness of the shared position, 
and their recommendations for implementing it in other counties. Closed ended 
questions asked KIs to identify key partners and resources among an exhaustive 
list of potential preparedness and emergency management partners. Where war-
ranted, KIs were asked to provide examples of their experiences working under 

 
FIGURE 9.1  Map of Columbus, New Hanover, Orange, Stokes, Wilson, and Yadkin Counties, 
North Carolina, USA
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the new model during actual emergency responses or exercises to provide case 
study examples to inform other counties potentially interested in combining 
these positions in the future.

Interviews were recorded, transcribed, and analyzed to identify major themes. 
Each interview lasted between 30–60 min. Quotations that succinctly illustrated 
the perspective of a given KI were extracted and reprinted in the Results section. 
KIs are not identified by name, but by the county in which they are employed. 
The project was reviewed and determined exempt by the University of North 
Carolina at Chapel Hill Institutional Review Board (#14-0332).

9.3  RESULTS AND DISCUSSION

9.3.1  Qualifications for Serving in Both the Emergency 
Management and Public Health Preparedness Capacities

Because the combined emergency management and public health preparedness 
coordinator position is relatively new, few formal requirements for the position 
were reported. Two KIs reported that Incident Command System (ICS) certi-
fication was required of applicants during the recruitment phase. Most respon-
dents reported having a background in emergency management or emergency 
medical services; some had served as paramedics and firefighters in previous 
positions. No counties reported that public health credentials were required, 
though one reported that a registered nurse (RN) was preferred, but not 
required, for the position.

9.3.2  Division of Responsibilities

In no case were the KIs’ responsibilities for emergency management and pub-
lic health preparedness divided evenly. KIs from two counties reported that the 
majority of their time was devoted to emergency medical services and emer-
gency management respectively, while those from two other counties reported 
that most of their time was dedicated to public health. Tasks and priorities dif-
fered depending on where KIs’ directives come from: emergency management 
or the local health department. The supervisory arrangements and scopes of 
work differed by county, depending on the unique needs of each:
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“There’s been a large turnover in PC’s (Public Health Preparedness Coordinator) 
since I started in April (2013). And I’ve noticed that there are not a lot of defined 
roles for a PC across the state. A lot of other stuff gets blurred in.”

Most KIs reported that their responsibilities within each domain, if not 
across domains, are clearly defined. This is primarily a result of good communi-
cation and strong coordination between the local health department and county 
emergency services.

9.3.3  Routine Collaborations with Other Public Health and 
Emergency Services Agencies

In order to fulfill their dual roles, KIs consistently reported collaborating with 
the county health director, emergency management director, local law enforce-
ment, fire department, emergency medical services, other emergency response 
partners, and regional hospitals. Some KIs are actually hospital-based emer-
gency managers, and similarly report collaborations with the local health depart-
ment and emergency management services:

“You name it, we work with them. It’s to the point where I have a key to the health 
department and 24 h access. We’re in constant contact.”

All counties have meetings at least quarterly with some or all of their collab-
orators. Most report quarterly meetings with their Local Emergency Planning 
Committees (LEPCs), with additional monthly meetings among local state and 
preparedness partners as deemed necessary. See Appendix Table 9.A1 for a list 
of partner organizations and resources identified by each KI.

9.3.4  Perceived Motivations for Merging the Positions

Different counties had different motivations for the merger. KIs from two coun-
ties reported that the merger was a matter of convenience and efficiency. The 
overlapping responsibilities between emergency management and public health 
preparedness, with respect to developing preparedness and response plans and 
conducting training exercises, were conducive to a shared role. The KI from 1 
county reported that the need to develop a pandemic influenza plan in 2006 
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required an additional staff member, and he was hired to help bridge the gap 
between public health and emergency management to help write the plan. 
Another KI also reported that the small size of the county made it a good can-
didate for the dual role. In these two counties, the position was conceived and 
developed around the specific skill sets of the people recruited for the position.

In two other counties, however, the merger was necessary. The KI from one 
county reported a lack of funding in the health department to hire a full-time 
preparedness coordinator position. The KI from another county reported the 
need for a full-time employee to serve the county and manage the emergency 
management and public health preparedness coordinator responsibilities. Prior 
to the merger, the emergency management and public health preparedness coor-
dinator positions were each only half-time positions.

9.3.5  Ability to Carry Out Responsibilities in the Emergency 
Management and Public Health Preparedness Domains

Most KIs reported feeling sufficiently knowledgeable to be able to perform 
both emergency management and public health preparedness roles. This was 
a result of strong linkages in both domains that allowed them to consult with 
other public health or emergency management staff to fill knowledge gaps. The 
KIs from two counties reported wanting more training in public health substan-
tive areas, specifically epidemiology and environmental health, to help them 
approach public health preparedness topics more effectively. KIs in two other 
counties reported having a firm grasp on the basics, but would like more training 
in the nuances of both emergency management and public health preparedness. 
Because the position is new, standard job requirements and scopes of work have 
not yet been developed for use across counties. As a result, individuals in this 
position are often learning on the job:

“It would be a learning process for anybody. There isn’t any school or any class or 
any one thing that would really prepare you for this position. I knew about PODs 
(Points of Dispensing) from my emergency management background. But we 
didn’t have any training on what a POD was, how to operate a POD, what the 
parts of the POD were. All we were told is when they bring you down here and 
they hand you all this medicine you’re supposed to dispense it. So I took the 
POD class and it made everything clearer.... (But) I am still learning this whole 
LTAR (Local Technical Assistance Review) thing.”
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The KI from one county similarly reported that the training exercises in 
PODs and other topics were helpful to them; however, budget cuts in the last 
couple years have made it so that many of those new to these positions will 
not receive critical training. All KIs reported being well-supported in fulfilling 
their duties in both the emergency management and public health preparedness 
domains by their supervisors, coworkers, and external partners. Strong linkages 
and positive relationships between the public health and emergency manage-
ment departments ensure that individuals in the new position have the time, 
resources, and training to complete their duties in both capacities.

9.3.6  State of Public Health Preparedness

Most KIs reported that their emergency preparedness plans were better than 
they were prior to the merger, or at least will become better in the long run. 
This is due primarily to the merging and streamlining of public health prepared-
ness and emergency management plans, which recognizes the extensive overlaps 
between them. The plans are now more cohesive and concise and more easily 
accessible to a variety of users:

“Needless to say, if you’ve got 40 hours to devote (to preparedness) rather than 
20, you’re able to do more.”

One KI expressed doubts that plans would necessarily improve in a county 
with a larger population (i.e., greater than 200,000), where there may not be suf-
ficient expertise in both subject areas to be able to write preparedness plans to 
cover such a large jurisdiction. The counties included in this case study who had 
implemented the shared public health and emergency management, emergency 
medical services, or hospital preparedness positions had an average population 
of 71,000 (Range: 38,000–133,000).

9.3.7  Barriers to Implementation of the Merged Position

Each KI identified unique challenges in their jurisdiction to the effective 
implementation of the merged emergency management and public health pre-
paredness coordinator position. One county reported that funding for salaries 
and supplies is split between the emergency management and public health 
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preparedness budgets, and that it is sometimes difficult to prioritize spending 
for supplies and resources that are critical for emergency management. Another 
county reported that funding for public health is much more restricted and 
limited than for emergency management, and that the requirements to receive 
public health preparedness funding from the CDC are more stringent. In the 
opinion of some KIs, the time spent fulfilling these requirements may not worth 
the sum of money received:

“Public health is very specific on what you can spend your funds on. They would 
buy things that I don’t know would benefit us.”

One KI reported that their county has not experienced any major emer-
gencies recently. The KI worried that the resulting complacency might make 
it harder to prepare for and respond to emergencies. Without the threat of an 
emergency, there is less pressure or incentive to focus on preparedness:

“The biggest barrier is, knock on wood, we haven’t had much in the way of disas-
ter related events. After 9/11 people got saturated with it for a while, but people 
have gotten a little more complacent.”

One KI described a large gap between public health and emergency man-
agement at the state level, in which the N.C. Division of Public Health may not 
reach out to N.C. Emergency Management for support, meaning that a lot of 
efforts are duplicated. These communication issues may negatively affect opera-
tions at the local level if state agencies request duplicative deliverables:

“Public health should not be requiring our auxiliary communications folks to 
prove that they test their systems on a regular basis. Doing the job is not a prob-
lem, satisfying the needs of somebody else in (Washington, DC) or Raleigh 
(N.C.) is the problem.”

Another KI did not report personal barriers, but speculated that uneven 
funding and timing split between the emergency management and public health 
preparedness domains may pose challenges in counties that are more siloed 
and have a hard time coordinating efforts across departments. One or the other 
domain will receive less support.
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9.4  CONCLUSIONS

In the six counties in North Carolina in which this model has been imple-
mented, it has contributed to the improved quality of public health prepared-
ness and emergency operations plans and streamlined processes related to both 
emergency management and public health preparedness. It has also helped to 
cut costs and eliminate redundancy of responsibilities. Remaining challenges 
include dividing funding and responsibilities for each domain appropriately to 
ensure that neither side is neglected. Overall, the model appears to function well 
in a variety of counties in North Carolina, and all the KIs included in this study 
would recommend the model of the shared emergency management and public 
health preparedness position for other counties, provided that they meet the fol-
lowing conditions:

•	 The county must be small enough for the responsibilities of emergency 
management and public health preparedness to be fulfilled by one person;

•	 The individual in the role has sufficient expertise in emergency manage-
ment and public health to be able to perform effectively;

•	 The county emergency management and public health departments are 
working towards the same goals, and;

•	 Funding for the role is split evenly between emergency management and 
public health preparedness to ensure that both domains are given equal 
priority.

This study has several limitations. As an exploratory case study with a very 
small sample size, findings cannot be generalized beyond the counties that par-
ticipated. Additional research and evaluation studies are needed in order to con-
firm KI perceptions. Future research could include objective comparisons of the 
quality of plans written in a jurisdiction where these positions had been merged 
with one where they had not been merged or observing and evaluating exer-
cises or emergency responses in jurisdictions with both merged and unmerged 
positions.
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APPENDIX

TABLE 9.A1  Partnerships and collaborations with local agencies reported by key informants.

Agency Partner* Resource† Neither‡

Local health department director 5 0 1

Local health department staff 6 0 0

Regional offices of the N.C. Office of Public Health 
Preparedness and Response

5 1 0

Regional hospital-based Public Health Epidemiologists 3 3 0

Office of Public Health Preparedness at the N.C. Division of 
Public Health

3 3 0

Office of Occupational Epidemiology at the N.C. Division of 
Public Health

2 4 0

Communicable Disease Branch at the N.C. Division of Public 
Health

4 2 0

N.C. State Public Health Laboratory 2 4 0 

N.C. Department of Environment and Natural Resources 1 4 1

N.C. Department of Agriculture and Consumer Services 2 3 1

Local Office of Emergency Management 6 0 0

N.C. Emergency Management Regional Offices 4 2 0

N.C. Office of Emergency Management 4 2 0

Hazardous Materials Regional Response Teams 2 4 0

State Medical Assistance Teams 5 1 0

Domestic Preparedness Readiness Regional Committees 4 2 0

Local Health Information Teams 2 1 3 

Cities Readiness Initiative 0 1 5 

Local Emergency Planning Committees 4 1 1 

Medical Reserve Corps 3 0 3 

State Animal Response Teams 1 2 3 

N.C. Veterinary Response Corps 1 3 2 

Intrastate Crisis Communication Enhancement Network 1 4 1

Search and Rescue Task Force Teams 1 4 1 

Local Emergency Medical Services 6 0 0 

Emergency Medical Services Regional  Advisory Committee 5 0 1

N.C. Office Emergency Medical Services 3 2 1 

Local or regional hospitals and healthcare providers 6 0 0 

Hospital infection control nurses 5 0 1 
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Agency Partner* Resource† Neither‡

Hospital safety officers 3 1 2 

Local or state law enforcement 6 0 0 

Local fire services 5 1 0 

Military preparedness organizations 1 1 4 

  School safety coordinators 3 1 2 

School administration 5 1 0 

Correctional facilities 0 1 5 

U.S. or State Forest Service 3 2 1 

Airport or customs officers 1 1 4 

N.C. Ports 1 0 5 

County commissioners 5 0 1 

Department of Veterans Affairs 2 2 2 

American Red Cross 6 0 0 

Social work agencies 5 1 0 

Mental health and substance abuse agencies 2 2 2 

Religious organizations 2 4 0

Academic institutions 4 2 0

Private businesses 4 2 0

Notes: *Partner: An agency with whom the KI worked regularly to carry out job duties.
†Resource: An agency on whom the KI could rely for information or assistance with a project, but 
with no formal relationship. ‡Neither: An agency that either does not exist in the KI’s county, or 
with which he or she did not associate.

TABLE 9.A1  (Continued)
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10.1  BACKGROUND

Over the past 20 years, interest in global health opportunities among medical 
students and residents has been increasing. In 2001, 20% of graduating medical 
students stated that they had participated in an international/global health train-
ing experience during medical school, up from 5% in 1984 [1,2]. In 2011, this 
number had increased to 30.5% [3]. Experiences from various graduate medical 
education programs seem to indicate that participating in a global health elec-
tive during training exposes trainees to different disease pathologies, teaches 
them to work in resource limited settings, increases their cultural sensitivity and 
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communication skills, and provides them with an increased awareness of com-
munity and public health [4-10]. However, despite the increased interest by resi-
dent trainees, little has been done in the standardization of these experiences. 
Often, residency program directors are charged with identifying the educational 
merit of global health electives without having first hand knowledge of the expe-
rience. Without standardization, large disparities remain in funding, accredita-
tion, oversight and evaluation among EM residency training programs.

10.2  METHODS

Each year, CORD convenes program directors, clerkship directors, administra-
tors and other educators at its annual Academic Assembly (AA). As part of the 
2011 AA, a specialty track was devoted to evaluate how global health experi-
ences are integrated into EM residency training programs. Two months prior 
to the conference, all EM residency programs in the US were asked to fill out 
an online survey (Surveymonkey, Palo Alto, CA) querying individual program 
practices regarding resident global health electives. The survey consisted of nine 
questions and can be seen in Table 10.1 below. Survey participants were identi-
fied by CORD’s email listserve, representing all residency training programs in 
the US. A follow-up email was sent through the same listserve 2 weeks prior to 
the conference.

During the 2011 AA, approximately 40 residency program directors (PD), 
associate/assistant program directors (APD), EM faculty members and pro-
gram coordinators participated in the specialty track: International Emergency 
Medicine Electives – Practical Application and Implementation in a Residency 
Training Curriculum. The specialty track was divided into three 1-h sessions, each 
focused on a different aspect of global health in Graduate Medical Education. 
The focus of the first 2 h was on the “pre-departure” preparatory time frame for 
both residents and program directors. During this session, the panel discussed 
regulatory stances by the American Board of Emergency Medicine (ABEM), 
the Accreditation Council for Graduate Medical Education (ACGME) and the 
Residency Review Committee (RRC) and the implications of these stances for 
institutional and individual funding. This was followed by a discussion of the 
optimization of global health “elective” documentation, both from a program-
matic (PD) and institutional (Designated Institutional Official) perspective, 
using materials supplied from the GME office at the University of Wisconsin. 
Specific topics included: international site evaluations, emergency plans and 
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procedures, program director/mentor letter of endorsements, pre-departure 
cultural competency curricula, professionalism agreements, blood-borne patho-
gen protocols and post-elective resident/site/experience evaluations.

TABLE 10.1  Results from global health experiences survey of Council of Emergency Medicine 
Residency Directors

Question Yes No

1. � Do you currently have global health partnerships and global 
health electives available for residents? 30 (71.4%) 12 (28.6%)

If responded “yes” to question 1: (n = 30)  

2a. � Does your GME office require a formal application for global 
health electives? 26 (65%) 4 (35%)

2b. � If so, does it require an evaluation of the international training 
site? 15 (57.7%) 11 (42.3%)

3.  Does it require a faculty mentor? 27 (90%) 3 (10%)

4.  Does it require a professionalism agreement? 16 (53.3%) 14 (46.7%)

5. � Does your GME office fund residents’ stipends during GH 
electives? 24 (80.0%) 6 (20.0%)

6. � Do you have formal pre-departure training for residents that 
participate in global health electives? 11 (36.7%) 19 (63.3%)

7.  Do you provide a post-elective feedback/debriefing session? 20 (66.7%) 10 (33.3%)

8. � Do you have a formal competency requirement for residents that 
elect to participate in global health electives?

6 (20.0%) 24 (80.0%)

The last part of the specialty track was focused on protocols to optimize 
EM global health electives for residents. The discussion focused on methods to 
evaluate these electives prior to the residents’ departure, methods to standard-
ize the evaluative process for residents while on these electives and methods to 
debrief/evaluate residents upon their arrival back home. One of the main dis-
cussion points focused on how to evaluate international training sites for resi-
dents in order for the elective to be more effective. It was noted that PDs need a 
systematic way to evaluate the maturity of EM in a country. Participants noted 
the challenge of identifying clinical sites that offer sound educational oppor-
tunities for the residents—not only ones that are based on geography, safety, 
logistics and support. At the end of these sessions a working group was con-
vened in order to discuss survey results, give feedback on the session and offer 
creative solutions to some of the challenges outlined. Members of this working 
group included Emergency Medicine residency program directors and associate 
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program directors, Emergency Medicine residency program coordinators and 
academic faculty involved in institutional global health programs. The primary 
areas of initial focus were the application process for residents to apply for elec-
tives, evaluations methods of the electives and areas for partnership.

10.3  RESULTS AND DISCUSSION

Responses were received from 42 of 155 residency training programs, with a 
response rate of 27% (Table 11.1).

The following is a review of the general recommendations from the working 
group and general sessions:

10.3.1  Application

1.	 Global Health Elective Application Standardization: It is recommended 
that global health elective application materials be standardized. During the 
consensus proceedings, many of the participants offered to “open source” 
application materials for other programs to use. It was proposed that the 
CORD “Sharepoint” website could be used for this in order for the entire 
organization’s constituency to be able to access these materials.

2.	 Global Health Elective Application Availability: It is recommended that the 
global health application materials be made available to individual institu-
tional GME offices, PDs and resident applicants. As above, training pro-
grams that have developed “best practices” were encouraged to share their 
application materials. It is encouraged that these materials be used as they 
provide a concise, organized and thorough approach for institutional offi-
cials to use.

10.3.2  Evaluation

1.	 Global Health Site Evaluation: In order to provide the most robust edu-
cational experience for the resident trainees and ensure long-term evalua-
tion of site value, it is recommended that a standardized metric or tool be 
developed to evaluate international training sites. Specifics proposed to be 
used in this tool included: identifying mentor/supervisor at training site, 
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identifying type of experience (clinical, research, public health), identifying 
agreed-upon roles and responsibilities for the resident, assuring adequate 
pre-departure logistics training for the resident (housing, transportation, 
food, security, immunizations, travel vaccines, travel medication, evacua-
tion insurance, etc.).

2.	 Resident Evaluation: In order to derive optimal data from these experiences 
and to provide PDs with essential feedback for monitoring core compe-
tency development, it is proposed that a standardized resident clinical eval-
uation tool be developed. It was proposed that a standardized evaluation of 
the resident and a standardized resident evaluation of the training site be 
developed. The resident evaluation was to be a competency-based evalua-
tion, based on the Accreditation Council of Graduate Medical Education’s 
paradigms of Patient Care, Medical Knowledge, Practice-Based Learning, 
Interpersonal and Communication Skills, Professionalism and Systems-
Based Practice. It was proposed that resident evaluations of the program 
include: overall educational value of the experience, ease of arranging the 
elective, level of supervision provided, level of service/support provided, 
value to career growth and value for personal development.

10.3.3  Partnership

1.	 Global Health Site Database: It is recommended to continue to work with 
other professional organizations (EMRA, SAEM Academy, ACEP, AAEM) 
and their International Interest groups to provide a comprehensive, real-
time clearinghouse of global health opportunities. At the time of the confer-
ence, there was an active project by members of the Emergency Medicine 
Residents Association (EMRA) to collate and publish this data.

2.	 Global Health Mentoring: In order to foster long-term investment in global 
health skills development and career mentorship, it is recommended that a 
virtual mentoring program be developed for residents and faculty at those 
sites that have limited opportunities.

3.	 Strategic Planning: It is recommended that a Global Health Education 
Working Group be developed within CORD to improve and integrate the 
process by which educational electives are offered and evaluated and pro-
mote the standardization with which resident trainees are assessed.
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10.4  DISCUSSION

Interest in global health education among medical students, residents, fac-
ulty and institutions continues to increase [11-13]. However, the evaluation 
of a truly “educational” elective and the standardization of applications, fund-
ing structures, site and resident evaluations remain elusive. While over 70% of 
respondent residency programs offer elective opportunities in global health, a 
third or less have formal competency evaluation for residents prior to participat-
ing (20%) and a formalized pre-departure training process (36.7%). Similarly, 
programs often do not have standardized methods to evaluate the training sites 
where the residents will be doing their clinical work, and frequently the resi-
dents themselves.

A wealth of data, both during medical school and residency training, shows 
that students and physicians in training find participation in a global health 
elective to be a valuable experience. They describe enhanced clinical and com-
munication skills, exposure to different disease processes, increased cultural 
sensitivity, attention to appropriate resource allocation and enhanced commu-
nity, social and public health awareness. Many of these skill sets are analogous to 
the ACGME core competencies used to evaluate trainees. However, a paucity of 
data evaluating resident experiences in these environments persists.

While many other professional organizations in EM have international/
global health sections, CORD does not. Given the increasing interest among 
residents, the poor standardization of processes and the possibility of marked 
impact on resident education, the working group suggests creating a Global 
Health Working Group within CORD. In doing so, this resource may decrease 
the administrative time needed for PDs to offer a robust educational experience, 
offer guidance to PDs that have limited global health experience/exposure and 
help navigate the complexities of institutional GME oversight.

10.5 CONCLUSIONS

During the 2011 CORD Academic Assembly, a Specialty Track in Global Health 
training was convened and participants discussed guidelines and best practices 
for global health training beneficial to the membership of CORD. The Specialty 
Track developed the following consensus recommendations to enhance the 
global health education of emergency medicine residents:
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•	 Create a Global Health Working Group within CORD
•	 Work with other professional organizations within EM to provide a well-

organized, up-to-date clearinghouse of global health opportunities for 
residents

•	 Standardize global health application materials; make these available to 
EM program directors

•	 Standardize resident evaluations during global health rotations; make 
these available to EM program directors
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11.1  BACKGROUND

Unfortunately, natural disasters occur throughout history and at times cause 
mass casualties which warrant the rapid deployment of medical response aid 
missions to overcome the damage [1-3]. In November 2013, tropical cyclone 
Haiyan (Yolanda) slammed the Philippines archipelago, leaving more than 
an estimated 6000 dead in its wake while demolishing vital infrastructure and 
affecting the life of an estimated 25 million locals [4]. In the storms’ aftermath 
welfare infrastructures were severely damaged and capabilities of local healthcare 
services dramatically decreased. As in other massive natural disasters, the Israeli 
Government instructed the Israeli Defense Forces (IDF) to rapidly construct a 
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humanitarian aid delegation which included a field hospital deployment with 
medical capabilities from diverse specialty fields [5]. The mission goal was to 
assist the local healthcare staff and facilities to overcome the tremendous dam-
age and destruction to med- ical services and infrastructure.

Participating in a humanitarian aid mission is usually a gratifying and fulfill-
ing endeavor but may also prove to be challenging task, full of uncertainties and 
difficulties especially when the delegation is rapidly assembled and deployed 
to an area hit with disaster of calamitous proportions. A simple but structured 
guideline may simplify the preparation phase for the team members. In this 
report, we sought to present our experience and lessons learned regarding the 
preparation of medical personnel for early response humanitarian aid delega-
tions. We hope this will serve as a practical guideline and checklist for the team 
leader and medical specialist before embarking on such missions.

Our recommendations are based on our own and others’ personal experi-
ence, lessons learned from previous delegations deployed by the IDF Medical 
Corps, staff briefings, group sessions and after action reports filed upon return-
ing to Israel.

11.2  CASE PRESENTATION

11.2.1  Team Composition

The IDF has gained experience in deploying early response medical and human-
itarian aid delegations to disaster zones around the globe [1,2] based on its abil-
ity to quickly recruit, prepare and equip medical and logistical personnel, some 
of which are called on through reserve duty. This medical aid delegation was 
assembled within hours and embarked to the Philippines. In cases of natural 
disasters with a multitude of casualties, rapid deployment is key in order to exert 
a beneficial effect to the local population in terms of morbidity and mortality 
[6]. As our delegation personnel was assembled from a relatively heterogeneous 
background, active and reserve duty alike, it required the appointed medical 
personnel to bring their everyday life to a sudden standstill and embark on an 
unknown and often disconcerting task [7].

Choosing the right personnel is one of the crucial components of success-
ful mission planning and execution. We feel that putting together a delegation 
composed of health care providers with previous experience in natural disas-
ter aid alongside first time participants is beneficial, as the more experienced 
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members usually help alleviate stress with practical knowhow and thus ease the 
preparation process for all. Integration of younger less experienced members 
also ensures and maintenance of organizational memory in medical aid deploy-
ment. The tradeoff of this approach of course was an initial lack of cohesiveness 
but on the other hand, it enabled a refreshing and empowering experience for 
the novice participants. This form recruitment strategy also enabled a “tailor 
made” solution for the region we were to operate in as gathered from site survey 
feedback. It is prudent to recruit personnel known to withstand stressful envi-
ronments if possible as this might reduce future repercussions [8]. Team leaders, 
mental health specialists (essential part of the delegation) should be notified of 
at risk individuals.

Thus, optimal personnel recruitment in the mission-planning phase while 
still in the homeland is the initial and necessary step in achieving the mission’s 
goals [7].

11.2.2  Briefing the Team

Briefing the appointed personnel while in the homeland alleviates stress and 
clears uncertainties which may hamper personnel functionality. It is important 
to under- score the fact that the briefing will contain information mostly from 
what is known about pre-disaster conditions in the destination, as site survey 
feedback from the scout team is often partial, inaccurate and may be sent back 
too late to exert a real difference on the delegation. Flexibility must be stressed 
as a vital quality for the healthcare provider and the delegation as a whole.

We suggest that briefing should be given as soon as the task force is assem-
bled and should include the following agenda:

11.2.3  Destination’s Geographic and Sociological Information

1.	 Destination area: world region, country, region, urban, rural, other.
2.	 Climate: day and night temperatures, humidity/ rain/snow.
3.	 Local language: need for translators, basic words for medical communication.
4.	 Endemic diseases: need for additional vaccinations and prophylactic 

treatments.
5.	 Sanitary conditions: is there any flowing water? Is it potable?
6.	 Personal safety: crime, terrorism, precautions to be taken.
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7.	 Religion and culture, with emphasis of customs related to practical medi-
cine. For example: can a male physician examine a female? What are the 
mourning customs? What are the burial rites and customs? Is it acceptable 
to send tissue which was removed during surgery for a pathologic exam or 
must it be buried? Are milk substitutes or pacifiers acceptable for infants?

11.2.4  Delegation Structure and Makeup

1.	 Mission goal—what are the main objectives as based on the needs of the 
local authorities, site survey feedback, personnel makeup and organiza-
tional orientation. Discuss team as well as personal expectations and set 
realistic goals for the delegation and the individual.

2.	 Delegation composition—who the personnel are, both medical, logistical 
and support staff. What is the appointed command chain?

3.	 Medical capabilities in surgical, intensive care (including pediatric), neonatal 
care, obstetrics, ancillary services (i.e. imaging, pharmacy and laboratory).

4.	 Basic organizational issues: routine schedule, sleeping and eating arrange-
ments are important to emphasize. Delegation participants should be briefed 
on daily routines, as these tend to reduce uncertainty and create a sense of 
stability. Team leaders should display flexibility and urge delegation members 
to suggest necessary adjustments to the initial plan as the mission progresses.

5.	 Social support networks emphasis—Well-established social support net-
works were found to be beneficial in lowering the prevalence of mental 
implications. Recognition of this need, by both the individuals and the team 
leaders, is essential [7]. Providing the measures and encouraging delegation 
members to reach out to these networks back home (friends, family) or to 
bond and form new networks while in deployment should be emphasized 
as a part of the orientation and briefing.

Furthermore, as constant changes occur during the planning and execution 
of such missions, conceptual readiness for changes should be discussed as part 
of the briefing.

11.2.5  Essential Medical Considerations

1.	 Level of care: in most medical delegations it will not be possible to pro-
vide the same level of medical care as practiced at the delegations’ origin 
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country. Contingencies will have to be made and ethical dilemmas faced. 
Some of these dilemmas have been discussed elsewhere [9,10] and it is 
beyond the scope of this article to address this aspect of the preparation 
process. Examples include the possible inability to conduct a pathologic 
examination for tissues removed during surgery in post-disaster conditions, 
decision making regarding incidental suspicious findings in the operating 
theatre and managing of surplus medical supplies at mission completion. 
Open staff discussion covering anticipated ethical dilemmas before deploy-
ment may assist the team upon arrival. It is essential to relay that ethical 
dilemmas are routine due to the extreme circumstances in natural disasters, 
have been encountered by the more experienced team members in past mis-
sions and should be resolved in open group discussions.

2.	 Work site: will an independent field hospital facility open or will the delega-
tion work within or aside a local healthcare facility [5] and if so what will its 
capabilities include.

3.	 Collaboration with local or other healthcare personnel and facilities: the 
local population may receive care from a number of different caregivers and 
in these cases it is crucial to acknowledge the designated case manager and 
how continuity of care will be established upon mission completion.

4.	 Medical equipment: the appropriate type, quality and quantity of medical 
equipment are the keys for maximal humanitarian aid impact. Each special-
ist must personally verify his specific tools and medications. This should be 
done by a thorough review of a checklist composed beforehand while still 
in the homeland. Due to weight, space and other limitations, some equip-
ment may be missing and the specialist may have to familiarize himself with 
several methods of performing medical procedures. It is not unusual that 
specialists may need to improvise at the scene if they lack their own tools or 
medications.

5.	 Medical routine: daily staff routine in the facility—timetable, shifts, rounds, 
staff meetings, patient admission and discharge procedures, ordering lab 
exams and radiology.

6.	 Patient case records: will the patient chart be recorded manually or digitally, 
in which language, and will he be given a hard copy. Will local physicians 
write the notes? Will records be left to the local staff?

7.	 Common practice issues:
i.	 Obtaining patient informed consent before procedures.
ii.	 Labor and delivery—treatment of women in the purperium, providing 

neonatal care, follow up and recommendations.
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iii. Multitasking—Each caregiver will be asked to be responsible for tasks 
different from his specialty (both medical and auxiliary such as imaging 
etc.).

TABLE 11.1  Personal gear checklist for the healthcare provider in an early response medical 
humanitarian mission

Item Details

Sandals For shower and off-duty time

Toiletries

1.  Towels

2.  Soap, shampoo

3.  Hand sanitizer

4.  Shaving kit and scissors

5.  Toilet paper for the first 3 days

6.  Female hygienic products

Sleeping equipment

1.  Sleeping bag (may need to be waterproof)

2.  Personal Tent

3.  Bed linen

4.  Inflatable mattress

5.  Pillow

Head light + batteries At least 2 sets of batteries

Communication device (cell 
phone) + charger + international wall plug

pre-departure arrangements of an appropriate 
program with the mobile company are 
recommended

Camera Can be part of the communication device

General supply Pens, pencils, notebooks, marker (to mark your 
equipment),umbrella

Personal medical equipment

1.  Stethoscope, surgical eye loops etc

2.  Personal prescription medication

3.  Contraception

4.  Copy of medical diploma

Specialized medical equipment In case certain gear requested will not be supplied 
by the delegation

Watch  

Musical instrument Optional
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11.2.6  Personal Gear

Early response medical humanitarian aid is usually based on governmental 
agencies, non-governmental organizations (NGOs) or military organizations. 
Therefore, in many cases, the organization will supply its own personal gear ele-
ments for the healthcare provider. Nevertheless, one should check that all the 
critical and optional equipment is present, according the geographic and socio-
logical information which has been gathered. Table 12.1 shows our core recom-
mended list of personal gear.

11.3  DISCUSSION AND EVALUATION

Prepping the medical provider along with provision of a structured check list 
before embarking on a medical humanitarian aid mission (especially in short 
time frames such as in response to natural disasters) should be a vital and man-
datory part of the mission planning phase in the homeland. Previous publica-
tions have shown that only 85% of NGOs briefed their field personnel before 
deployment to an acute emergency settings [11].

Mental implications related to participating in humanitarian aid delegations 
vary, and may include anxiety and depression which may occur before, during 
and after deployment. Burnout—a work-related syndrome—is also frequently 
encountered among mission personnel. These detrimental mental effects may 
be reduced in frequency and severity by implementing proper preparation mea- 
sures [8,11] such as reducing the uncertainty level by presenting relevant infor-
mation during the briefings in the mission-planning phase [7].

The IDF-MC takes great pride in its humanitarian aid efforts and emer-
gency medicine response to natural disasters as do other military forces, and 
nowadays as in the past, these are still considered core military missions [12]. 
Humanitarian response to crises employs an estimated 210000 people and 
accounts for billions of US dollars of spending annually [13]. One must also 
bear in mind that these undertakings are rarely considered effective [14] and 
are difficult to assess although various methods have been proposed [15]. Time 
allocated for preparation is scarce in most missions [16] and an optimal lengthy 
preparation process [17] is often not feasible. Thus, even in rapidly deployed 
missions, time allocated for personnel preparation and orientation may prove 
invaluable and ultimately may lead to a more efficient and effective execution 
phase.
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11.4  CONCLUSION

Preparation of medical personnel for humanitarian aid medical missions is a 
complex and vital task that might be better accomplished with thorough brief-
ing and structured checklists which begin with addressing of personal safety and 
other daily needs of the staff. More research regarding how preparation affects 
mission success is needed as well as determining how to improve the prepara-
tion process itself. Preparation may raise performance levels, lessen stress and 
anxiety symptoms for the health care providers and ultimately assist in achieving 
the delegations’ goal of providing timely medical care to the local people struck 
by disaster.
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12.1  INTRODUCTION

With disasters occurring more frequently threatening people around the world, 
the need to prepare nurses for disaster has never been greater [1]. Nurses should 
be equipped with the necessary knowledge and abilities to work in a disaster and 
to meet the needs of the respective serving community. However, more than 
80% of nurses who volunteered to serve for a disaster event had no previous 
experience in disaster response [2]. It was recommended by the World Health 
Organization (WHO) that all nations, no matter how frequent (or infrequent) 
the happenings, should prepare healthcare workers for a disaster. Nevertheless, 
most nurses were inadequately prepared for disaster [3]. It is only through edu-
cation and training can nurses can be equipped with the competencies required 
during disasters.

As the largest manpower group in the healthcare team, nurses play an impor-
tant role in disaster care. Nurses’ roles are not only in the emergency phase of a 
disaster, to rescue life and safeguard the health of the disaster sufferers, but in fact, 
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nurses have special roles in disaster preparedness and aftermath long-term recov-
ery [4]. By providing leadership and guidance in different phases of a disaster, 
nurses can safeguard the health of the general public and reduce death tolls [5].

Nurses need to be competent in order to deal with disastrous situations. 
Competency refers to the actual performance of a person in a specific role, in a 
given situation [6]. It is defined as a combination of the knowledge, skills, abili-
ties and behavior needed to carry out a job or special task [7]. Although there 
are many sets of competencies being developed to prepare healthcare workers to 
respond to disaster, they have been found inconsistent and imprecise. Disaster 
nursing core competencies specific to general nurses were limited or not veri-
fied. Further effort has to be made and directed toward the development of an 
accepted and adapted framework of competency for universal disaster nursing 
education [4].

The awareness of disaster preparedness and competencies among Hong 
Kong nurses is generally weak [8,9]. With limited research, training and educa-
tion in the field of disaster nursing in Hong Kong, it is important to understand 
nurses’ perceived competencies in disaster care prior to curriculum develop-
ment. A better understanding of nurses’ perceived competencies and their learn-
ing needs for disaster nursing is the first and essential step if nurse educators 
and health care administrators are to launch a disaster nursing course/continu-
ing education program that meet the needs of nurses. This study adopted the 
framework of disaster nursing and key competencies delineated by International 
Council for Nurses and World Health Organization [10] as the standards to 
scrutiny Hong Kong nurses’ level of competencies for disaster nursing.

12.2  THE ICN FRAMEWORK OF DISASTER NURSING 
COMPETENCIES

With an urge to develop a set of core competencies for disaster nursing educa-
tion, the ICN launched a framework of disaster nursing competencies in 2009 
for general nurses. It aims to work as a common set of competencies in disaster 
nursing for the global nursing workforce and to provide clarification of nurses’ 
role in disasters [10]. The framework of nursing competencies should be appli-
cable globally and the content can be modified to be culturally specific for dif-
ferent regions and places. It is also emphasized that in-country interpretation of 
the framework and regular review of the competencies is important to ensure 
relevancy to the community served.
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The ‘‘ICN framework of disaster nursing competencies’ was built on the 
‘‘ICN framework of competencies for general nurse’, which has been widely 
used as a guideline of nurses’ competencies at an international level. The ICN 
disaster nursing competencies framework was developed according to the com-
petencies in the areas of public health, mental health, healthcare workers, emer-
gency managers, nursing and disaster nursing. The framework also based on the 
two sets of widely used disaster competencies for general nurses, the Nursing 
Emergency Preparedness Education Coalition [11] for mass casualty incidents 
and the Centre of Excellence, University of Hyogo (Kobe, Japan) [12] Disaster 
Competencies [10].

The ICN framework of disaster nursing competencies consists of four areas 
in the continuum of disaster management that corresponds to the four stages of 
disaster: the prevention, preparedness, response, and recovery stages. The four 
areas include ten domains, consists of a total of 130 items, in which nurses play 
numerous and multiple vital roles in disaster care and management [10].

12.3  STUDY METHODS

The aim of this study was to identify nurses’ perceived competencies for disas-
ter. The study was divided into two parts: focus group interviews and a writ-
ten inquiry. The focus group interviews were to explore the competencies and 
knowledge of disaster nursing readily reported by the nurses with minimal 
guided questions or information. They were, given an explanation of what 
entails a disaster at the beginning of the interview sessions. The written inquiry 
was then followed, which consisted of a table specifying the four stages of disas-
ter according to the ICN disaster framework as prompt, and nurses were asked 
to write down what they considered were the nursing competencies required for 
each of the four stages of disaster.

12.3.1  Participants/Sample Selection

The study focuses on nurses working in the medical/surgical, critical care and 
community health settings. These three groups of nurses were selected for their 
representativeness of the major nursing workforce during disaster. Medical 
and surgical nurses constitute the largest group in the nursing workforce; their 
competencies represent the competencies of general nursing for disaster care. 
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The critical care nurses work in high-dependency units including the intensive 
care unit and the emergency department; they are the first to response and help 
victims in disasters. The community health nurses work closely with the gen-
eral public, and are most likely to understand the needs of the community they 
served. The perceived disaster nursing competencies of these three groups of 
nurses could provide a better understanding of the overall competencies level of 
Hong Kong nurses.

Nurse leaders from specialty associations, with extensive experience in their 
respective clinical specialty, were recruited for group interviews. There were four 
to six nurse leaders from the three specialties in each of the interview groups. 
Convenience sampling was used for the written inquiry. The participants were 
referred by senior nursing staff in hospitals or clinical settings. A total of thirty 
participants, ten from each specialty, were invited to complete the written open-
ended inquiry.

12.3.2  Group Interviews

Group interviews were conducted separately among nurses in the three spe-
cialities. They were asked to state the competencies they considered to be 
necessary to handle disasters in their specialty area. Simple explanation on the 
definition of disaster was given. The interviews were tape-recorded and tran-
scribed within one week after the interview. The interviewer repeated and sum-
marized the participants’ stated competencies to get an immediate indication 
of their agreement that the summary was a true and comprehensive list of their 
responses [13]. To ensure accuracy, these initial sets of compiled competencies 
were checked by two nurses, who verified the tabulated competencies sepa-
rately to ensure exactness [14]. A table is used to summarize the nurses’ per-
ceived disaster competencies, which were tabulated according to the specialty 
areas and according to the domains of the ICN framework of disaster nursing 
competencies.

12.3.3  Written Inquiry

Written inquiry was conducted to further substantiate the findings of the group 
interviews. Written forms of data collection have the advantage of putting the 
participants under less pressure and giving them time to ponder upon what 
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are being asked. A table listing the four main disaster stages and ten domains 
of disaster nursing competencies according to the ICN disaster nursing com-
petencies framework [10] was given to the nurses in the three specialty groups 
(general medical/surgical, critical care and community health) to further sub-
stantiate information collected from the group interviews. The questionnaire 
was distributed and collected by the researchers in person.

12.3.4  Data Analysis and Establishing Trustworthiness

Tabulation of the group interview responses was done in a systematic, sequen-
tial, verifiable way separately by the two researchers for the confirmability of the 
data. The interviews were audio-recorded and also preserved for repeat audit-
ing. The transcription and tabulation of the data was done within one week of 
the interviews. The content (stated competencies) was categorized according to 
the four areas and ten domains of the ICN framework of disaster nursing. The 
tabulation were discussed and verified by the two researchers for rigor of the 
study [14].

For the written inquiry, the written responses of the specific competencies 
were directly categorized and tabulated under the four stages and 10 domains 
of the ICN framework of disaster nursing. The findings of the three interview 
groups and three written inquiry groups were merged in one table for ease of 
comparison.

12.3.5  Ethical Considerations

Ethical approval was obtained from the institute where the researchers work, 
and the conduct of the study was according to the stipulated regulation of 
the institute. The nurse participants were given an explanation of the aims of 
this study, and assured that participation was voluntary. All studies were com-
pleted in anonymity so that their personal identity could not be identified. 
Participants who willing to join the group interviews and being recorded, or 
complete the written inquiry were considered giving an implied consent to 
the study. The audio-recordings, notes and interview transcripts were anon-
ymous, and contained only information on the nurses’ specialties and work 
experience.
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12.4  RESULTS

12.4.1  The Participants

A total of 45 nurses participated in the study, the majority of them were female 
(82%). Group interviews of 4–6 nurse leaders from the three specialties were 
conducted separately to explore nurses’ perceived competencies in disaster 
management. All were experienced nurses with 3 to 23 years of experience, aver-
aging of 17.2, 13.8, and 15.3 years of experience in the medical/surgical, critical 
and community specialty respectively (Table 12.1).

TABLE 12.1  Clinical experience of the participants.

Method of Data Collection Medical/
Surgical

Critical Care Community 
Unit

Focus groups

No. of participants 6 5 4

Year of Experiences

Means 

9–23 years

17.2 years 

3–20 years

13.8 years

8–23 years

15.3

Open ended inquiry

No. of participants 10 10 10

Year of Experiences

Means

3–24 years

16.4 years

4–28 years

14.7 years

3–15 years

10.7 years

A total of 30 participants, 10 from each specialty, were invited in the written 
inquiry study. They had 3 to 28 years of working experience in their specialty, 
with an average of 16.4, 14.7, and 10.7 years of experience in the medical/surgi-
cal, critical, and community specialty.

Hong Kong Nurses’ Perceived Competencies for Disaster: Hong Kong 
nurses’ perceived disaster competencies solicited from group interviews and 
written inquiry were tabulated under the four main areas (stages of disaster) 
of the ICN framework of disaster nursing competencies. The findings are dis-
cussed below according to the four stages of disasters (Table 12.2).
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1 TABLE 12.2  Hong Kong nurses’ perceived competencies for disaster care reported in focus group interviews (n = 15) and written inquiry (n = 30).

The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

1.  Risk Reduction, Disease 
Prevention and Health 
Promotion Risk Reduction and 
Disease Prevention (7) Health 
Promotion (5)

-Risk assessment and management √ √ √ √ √ √
-Adhere to infection control principles √ √ √ √ √
-Provide appropriate protective materials √ √ √ √

- �Knowledge in disaster/illness and primary 
health care

√ √ √

- Practice personal hygiene √ √
- �Preparation of health staff and the public in 

preventing disaster
√

- Provide relevant reference materials √
- Work in a multidisciplinary approach to care √
- �Understand public health/epidemiology/

vaccination
√

- �Understand causes/mechanisms/
prevention of disaster

√

- �Development of organizational and unit 
guidelines/protocol

√ √ √ √ √ √

- Provide contingency planning √ √ √ √ √
- �Plan (with protocol) for specific incident 

management
√ √ √
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The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

2. Policy Development and 
Planning (11

- Infection control policy √ √ √

- Public health policy √ √
- Regular review of protocol √
- Risk management policy √
- Fire safety and evacuation plan √
- Quality and safety guidelines √

- Occupational health and safety √

- Manpower deployment plan √ √

- �Professional obligation to include disaster 
prevention, response, plan and recovery in 
practice

√

- Follow code of conduct √

3. Ethical Practice, Legal

Practice and Accountability 

3.1. Ethical Practice (7) 

3.2. Legal Practice (5) 

3.3. Accountability (5)

- �Legal liability and government overall 
disaster planning

√

- �Establish, understand and reinforce laws on 
disaster prevention

√

- �No discrimination based on gender, 
religion, nationality, social status

√

TABLE 12.2  (Continued)
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3

The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

- Compliance with Privacy Ordinance √

- Human dignity is important √

- Patient charter √

- �According to HK Nursing Council code of 
conduct

√

- Provide complaint system √

- Practice according to professional standard √

- Knowledge of legal practice √

- Develop communication skills √ √ √ √

- Debriefing/incident reporting and meeting √ √ √ √

- Use of various tools for communication √

4. Communication and 
Information Sharing (12)

- �Establish fast and accurate communication 
of information system among government 
and non-government organizations, the 
community, hospitals and wards

√ √ √

- Press release of information √ √

- �Yearly review, share information with other 
countries

√

- Use various tools for communication √ √

TABLE 12.2  (Continued)
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The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

- �Familiarity with the data disclosure, 
communication, and information according 
to the guidelines

√

-Provide: drill/audit/talk √ √ √ √

- �Knowledge and skill in different disaster 
situations

√ √ √

- Leadership skills √ √ √

5. Education and - Understand role in disaster assignment √ √

Preparedness (12) - Basic life support, CPR skills √

- Updating information about new diseases √

- Training in IT and communication skills √

- Skills in psychological intervention √

- Understanding of the nature of disasters √

- �Allocation/distribution of? limited 
resources

√ √ √ √ √

- Knowledge of prioritizing care √ √

- Active participation in rescuing activities √

- �Collaboration in community resources/
voluntary service

√

TABLE 12.2  (Continued)
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The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

6. Care of the Community (11) - �Reminder cards for management of specific 
disasters

√

- �Care for the safety, security, access of food 
and water, medical care, temporary shelters, 
etc.

√

- Provide talks and a hotline in service area √

- �Community services for different groups, 
e.g., geriatric assessment service

√

- Personal safety, escape route √

- Disaster preparedness plan for self and family

- Establish logistics for the care of victims √

7. Care of Individuals and 
Families

7.1. Assessment (7)

7.2. Implementation (18)

- Perform holistic care √

- Help desk for enquiries √

- Form critical incident support team √

- Perform holistic care √

- �Familiar with different available resources, 
support network and referral for victims and 
families

√

- Liaison with related social support √

TABLE 12.2  (Continued)
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The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

- Multidisciplinary approach to care √ √

- Psychological first aid and crisis intervention √ √ √ √

8. Psychological Care (9) - �Psychological assessment and counseling 
therapies for stressed staff and victims (form 
sharing groups)

√ √ √ √

- �Knowledge and skills in psychological/social 
aspect

√

- Adopt a multidisciplinary approach to care √ √

- �Introduce coping skills and knowledge on 
disaster care

√

- Post-Traumatic Stress Disorder care √

- Care of neglected groups with special needs √ √

- �Work in a multidisciplinary approach to care 
(voluntary service referral)

√ √

- �Understanding the needs of vulnerable 
populations

√

9. Care of Vulnerable 
Populations (6)

- �Special care and education for populations 
particularly vulnerable to disasters, i.e., those 
with chronic illness, pregnant women and the 
fragile elderly, people with sensory disabilities

√ √

TABLE 12.2  (Continued)
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The 4 areas and 10 domains of the ICN Framework of Disaster  
Nursing Competencies

Focus group interviews Written inquiry

Prevention/Mitigation 
Competencies (total = 23)

Competencies Medical 
surgical 
nurses 
(n = 6)

Critical 
care 

nurses 
(n = 5)

Community 
nurses  
(n = 4)

Medical 
surgical 
nurses 

(n = 10)

Critical 
care 

nurses 
(n = 10

Community 
nurses  

(n = 10)

- Ability to identify vulnerable populations √

- �Evaluation and planning in prevention and 
management during and after a disaster

√ √

10. Long-Term Individual, - Restoration of normal service √

Family and Community 
Recovery

- �Work and support by resources in a 
multidisciplinary approach to care

√

- �Knowledge and skill in psychological and 
long-term care

√

- �Participate in the development of an 
ordinance and community-wide policies to 
speed up recovery from disaster

√

10.1. Individual and Family 
Recovery (7)

- �Collaboration between community and 
family for post-disaster recovery

√

10.2. Community - Learn and share √

Recovery (8) - �Systematic long-term care for disaster 
recovery

√

- District support and resource allocation √

TABLE 12.2  (Continued)
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12.4.2  Prevention and Mitigation Competencies

From the group interviews, there was consensus of nurses from all three special-
ties considered: ‘‘risk assessment and management”, ‘‘provision of appropriate 
protective materials”, ‘‘development and planning of organizational guidelines 
or protocol for disaster management”, and ‘‘planning for specific incident man-
agement” as required disaster nursing competencies. However, only the critical 
care and community health nurses regarded ‘‘adhering to infection control prin-
ciples” and ‘‘the need for contingency plans for disasters as important compe-
tencies in disaster prevention.

From the written inquiry, nurses of the three specialties identified that the 
‘‘risk assessment and management” and ‘‘adherent to infection control prin-
ciples” as important in disaster prevention. Only the community healthcare 
nurses considered ‘‘vaccination and epidemiology” as required competencies in 
disaster prevention. Whereas, the medical/surgical nurses expressed their con-
cern on the ‘‘plan of manpower deployment”, the critical care nurses concern 
about ‘‘occupational health and safety”, and the community nurses highlighted 
the significant of ‘‘public health policy in disaster prevention planning”.

12.4.3  Preparedness Competencies

In the interviews, “the knowledge of legal and ethical aspects of disaster care” 
was not addressed by any of the nurses. While all nurses across the three spe-
cialties were well aware of the importance of “developing good communication 
skills” and that “debriefing and incident reporting” was necessary. Education 
and preparedness for disaster related to “drills, audits or talks”, and the “knowl-
edge and skills in different disaster situation” were reported by nurses in all three 
specialties as required competencies.

The findings from written inquiry were somewhat different. All nurses rec-
ognized that ‘‘professional obligation” and ‘‘code of conduct” are the required 
competencies in disaster care. The medical/surgical nurses considered ‘‘legal 
liability” and ‘‘professional code of conducts” should be reinforced in disaster 
care. Critical care nurses acknowledged ‘‘human dignity” and ‘‘absence of dis-
crimination” in disaster care, while the community nurses opined that there is 
need for ‘‘a complaint system” and knowledge of ‘‘legal practice”. Nurses from all 
three specialties considered the need for ‘‘communication skills and reporting 
systems” and recommended the ‘‘use of various tools for communication and 
information sharing”. Only the medical/surgical nurses were able to point out 
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the importance of ‘‘updating information about new diseases”, ‘‘training in infor-
mation technology and communication skills”, ‘‘skills in psychological interven-
tion”, and ‘‘understanding the nature of disaster” as essential competencies.

12.4.4  Response Competencies

The interviews revealed that nurses from all three specialties regarded that ‘‘allo-
cation and distribution of resources” during a disaster needed to be addressed, 
and they were concerned about ‘‘psychological care and crisis intervention” in 
a disaster. Both medical/surgical and community nurses regarded it necessary 
to have ‘‘knowledge of prioritizing care”. Critical care nurses suggested the use 
of ‘‘reminder cards for management of specific disasters”, in order to enable effi-
cient triage and prioritize care. Only the community nurses aware of the fact that 
the establishment of ‘‘escape routes and personal safety” as disaster prepared-
ness for the community. They also acknowledged that there is a need to care of 
‘‘vulnerable groups as a neglected population with special needs”.

From the written inquiry, the medical/surgical nurses addressed the need to 
establish ‘‘logistic for care of victims”, ‘‘perform holistic care”, and ‘‘help desk for 
enquires”. The critical care and community nurses stressed the need for ‘‘multi-
disciplinary approach to care”. Community health nurses emphasis the need for 
psychological care, including ‘‘introduce coping skills and knowledge on disas-
ter care”, and ‘‘post-traumatic stress disorder care”.

12.4.5  Recovery and Rehabilitation Competencies

The findings of the interviews showed that only medical/surgical nurses talked 
about the important to have a plan for ‘‘evaluation and planning in manage-
ment during and after a disaster”. The findings of the written inquiry revealed 
that nurses in all three groups addressed the competencies of post-disaster care. 
Medical/surgical nurses identified the need to learn ‘‘restoration of normal ser-
vices. Critical care nurses noted the significance of ‘multidisciplinary approach’ 
in the recovery stages of a disaster and the ‘knowledge of psychological care for 
victims’. The community nurses emphasis the ‘collaboration between commu-
nity and family for post-disaster recovery’, systematic long-term care for disaster 
recovery”, and ‘‘district support in resources allocation”, as well as ‘‘evaluating 
and planning for future disaster management”.
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12.5  DISCUSSION

There is a global need for all healthcare workers to be prepared and be com-
petent in disaster care. Previous studies have found that most nurses were not 
adequately prepared [8,9]. The findings of the study indicated that nurses were 
not aware of their roles in preparing the community or the vulnerable popula-
tion for disaster. In order to be prepared and be competent for disaster, all nurses 
should be equipped with knowledge and skills for disaster care through con-
tinue education and training. ‘‘Disaster nursing” has not yet been established as 
a core topic/subject to be included in nursing programs in Hong Kong, though 
it is a global demand for the inclusion of this component of disaster care in our 
education program. The findings of this study provide a clearer picture of the 
inadequate preparations of nurses for disaster, in that it provides nurse educators 
and/or health care administrators a guide to delineate a tailor-made education 
program for nurses.

The results of this study showed that Hong Kong nurses have some under-
standing of the needed competencies in ‘‘prevention, preparation, response, and 
recovery” phases of disaster care. In fact, the ICN has suggested in its disaster 
nursing framework that more attention is needed related to planning and prepa-
ration, as well as the understanding of the whole disaster management process. 
It is reflected that although there were quite a number of studies have focused 
on disaster response, there are also some studies conducted in Hong Kong on 
the disaster preparedness of families with young children [15] and elderly peo-
ple [16] in Hong Kong. For post-disaster care, a study was also conducted that 
explore the experience of China nurses after the Sichuan earthquake rescue [17].

In the stage of ‘‘prevention and mitigation phase” of disaster care, the most 
neglected competencies were the ‘‘preparation of health staff and the public 
in preventing disaster”, ‘‘regular review of protocol”, and ‘‘quality and safety 
guideline”. In the ‘‘preparedness” phase, the less mentioned competencies were 
‘‘practice according to professional standard”, ‘‘updating information about 
new diseases”, ‘‘training in information technology and communication skill”, 
‘‘skills in psychological intervention”, and ‘‘understanding of the nature of disas-
ter”. During the response phase, the competencies related to ‘‘forming critical 
incident support team”, familiar with different resources, support network, and 
referral for victims and families’, and the ‘‘ability to identify vulnerable popu-
lations”, ‘‘post-traumatic stress care”, and ‘‘care of special population with spe-
cial needs”, were not attended to. In the recovery phase, the competencies of 
‘‘evaluation and planning of management after a disaster”, ‘‘restoration of normal 
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service”, ‘‘collaboration between community and family for post-disaster recov-
ery”, ‘‘systematic long-term care for disaster recovery” require more attention. If 
health workers are to prepare for disasters, all these competencies needed to be 
included in the all nursing curriculum and continuing nursing program.

None of the nurses in this study mentioned their own preparation and that 
of their families for disaster. A study in Hong Kong have found that the nurses’ 
preparedness of their families affect their willingness to report to work during 
disaster [8]. Nurses, as well as all other health professionals, should be aware of 
the importance of being prepared individually and in their families, so that they 
can be ready to provide care during disaster, and to protect life. The message of 
being prepared for disaster should be conveyed to all members in the commu-
nity through public education.

The special needs of vulnerable groups should be attended to in disaster to 
reduce damaging effects on health of the population and the death toll. Nurses 
should understand the risks and the needs of these special populations in their 
serving community and equip themselves to support them in disaster. Nurses 
should identify the vulnerable populations in the community, assist them in 
their special needs with special items available at home, the basic survival skills, 
where and how to get help. Checklists and education talks should also be devel-
oped and offered targeted these vulnerable groups.

12.6  CONCLUSIONS

This study explored the perceived disaster competencies of Hong Kong nurses 
and provides the needed background to inform educational needs. The findings 
of the study also provide hospital administrators the need to develop continu-
ing education to prepare their nurses with the competencies for disaster care 
in their respective specialties. The study also shows that a context appropriate 
set of disaster nursing competencies is needed for Hong Kong nurses. The ICN 
framework can be used as a guide; with further modification and refinement to 
increase the applicability and validity of the competencies for the community 
we served [10,18].

With the increase frequency of disaster happenings globally, the need for edu-
cation and training preparation is to be emphasized. A set of core competencies 
has also been defined as a starting point for delineating expected competency of 
health professionals in disaster medicine and public health [19]. Nurses should 
be adequately prepared with knowledge and skills for management of disasters, 
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starting early with their basic training and reinforcement in their on-the-job con-
tinuing training. Nurses, in all specialties, should be equipped for all competen-
cies for disaster prevention, preparedness, response, and recovery phases. The 
public should also be prepared through disaster awareness promotion activities 
and health talks. The development of a comprehensive disaster nursing cur-
riculum can protect our people in the community we served and shouldering 
the international responsibilities during disaster events in our nearby countries. 
In fact, disaster simulation has been used as an educational strategy to prepare 
nursing students for disaster respond, and has been incorporated into the under-
graduate nursing curriculum [20], The simulation was found to increase nurs-
ing students’ understanding of disaster preparedness, increase their ability and 
confidence to handle disastrous situations and working in teams.

In this early stage of developing disaster nursing in different societies, 
exploration of educational need, further research, and establishment of a set of 
core competencies for disaster nursing appropriate for the societal context are 
essential.
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13.1  RATIONALE FOR A RESEARCH AGENDA

Given the popularity of global health and global emergency medicine (EM) 
educational endeavors, it is crucial to outline a research agenda in these areas. 
It is assumed, for example, that global health educational experiences result in 
positive outcomes for medical students and for patients under their care (both 
of the local medical school hospital and at the overseas host site). This, however, 
may not prove to be the case, and only through a well-laid-out and executed 
research agenda can this be determined.

The positive or negative findings of research in global health medical educa-
tion create opportunities to improve these experiences and to share and imple-
ment best practices. With this research also comes the opportunity to enhance 
specific outcomes for medical students and for patients and populations (local 
and abroad) under their care.
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Perhaps just as important is a global health education–related research 
agenda that evaluates the effect on global health educators at the undergraduate 
medical education level. For example, are medical school global health acade-
micians promoted with equal parity to their non–global health academic coun-
terparts? To continue to grow global health research and education initiatives, 
universities will need to give greater recognition and reward to such nontradi-
tional academic endeavors for promotion and tenure.[1]

In this article, a consensus-based research agenda will be presented and will 
highlight five priority research questions related to global health education at 
the undergraduate medical education level.

13.2  RESEARCH QUESTION 1: WHAT IS THE CURRENT SCOPE 
OF GLOBAL HEALTH EDUCATION AT THE UNDERGRADUATE 
MEDICAL EDUCATION LEVEL?

13.2.1  State of Global Health Education at the Undergraduate 
Medical Education Level

Given the growing interest in global health opportunities, many American and 
Canadian medical schools have integrated global health into their curricula. 
Successful implementation of these global health opportunities can prove to be 
a powerful recruitment tool. In addition, medical schools recognize that global 
health education helps to enhance student understanding of population-based 
medicine.[2]

Sixty-eight percent of surveyed United States medical schools now have 
student global/international health interest groups. According to a survey con-
ducted by Khan et al., [3] about 90% of U.S. medical schools self-reported as 
offering global health opportunities. Specifically, 39% of these schools offered 
didactic coursework in global health, and 47% offered overseas experiences for 
students.

The 2012 Association of American Medical Colleges (AAMC) graduation 
questionnaire survey reported that 30% of responding students had participated 
in global health experiences.[4] To meet this demand, educators have begun to 
develop and implement curricula. Over the past few decades, there has been the 
acknowledgement of this educational need in the creation of groups dedicated to 
global health education, such as the Global Health Education Consortium, the 
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American Medical Association Office of International Medicine, and the Global 
Health Action Committee of the American Medical Student Association.[5] 
Despite these recognized first steps to accommodate educational demand, there 
is still a great deal of variation in global health education for medical students [6] 
and a general call for more standardized curriculum development.[7]

In July 2013, the AAMC launched the pilot phase of the Global Health 
Learning Opportunities (GHLO) program.[8] GHLO is a collaboration of 10 
select U.S. medical institutions and 14 international institutions participating 
in a Web-based application service that “facilitates clinical, global health, and 
research elective rotations internationally for fourth-year medical students.”[9] 
GHLO innovatively consolidates universal tasks of international elective pro-
grams and applicants, including streamlining of application processes for stu-
dents, alleviating home institution difficulties in tracking students' progress, and 
strengthening host institutions' ability to manage selection and evaluation pro-
cesses.[10] GHLO host institutions have autonomy and establish respective pre-
requisites for rotation participation (e.g., coursework, language requirements), 
but they are required to offer high-quality experiences; collaborate dynami-
cally with GHLO partners; provide technical infrastructure and support; and 
acknowledge the necessity of pre-rotation, on-site, and post-rotation support for 
participants.[9] The investment in GHLO by the AAMC is a remarkable con-
tribution to the global health education of its pilot member institutions' medical 
students, and it has the potential to foster opportunities for many more schools 
of medicine.

Historically, global health education has taken various forms, such as didac-
tic lectures or seminars, clinical rotations abroad, attendance at meetings with a 
global health focus, participation in research with international researchers or 
at international sites, and student interest groups. Additionally, several differ-
ent models have been used to further global health education, such as partner-
ing with a school of public health, focusing on globally applicable biomedical 
research, partnering with nongovernmental organizations or private founda-
tions, and creating global health “tracks” for medical students.[5]

Currently, no consensus exists on best practices of education methods to 
teach global health. Several groups have attempted to create frameworks for 
global health curriculum development [11-13] and suggested core content [5], 
but a much more comprehensive analysis and discussion is needed.
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13.2.2  Metrics for Assessing and Evaluating Undergraduate 
Medical Education Global Health Education Programs

Current literature detailing the outputs and outcomes related to medical school 
global health education programs are mostly descriptive. Surveys regarding 
curricula, [14] competencies and skills achieved by students [15-17] and case 
reports describing a specific university's experience with the development and 
inclusion of a global health curriculum [18, 19] are examples of these descrip-
tive studies.

While minimal literature focuses on the evaluation of undergraduate medical 
education in global health, there are several published resources and examples 
of outputs for medical school global health education programs in the literature 
and available online. Working groups from many regions have aligned to propose 
core competencies and best practice guidelines for programs in global health, 
as described in the 2013 literature review by Khan et al. [3, 20-25] As another 
example, the Liaison Committee on Medical Education offers a 30-hour stan-
dard curriculum in global health as a “necessary minimum for future physicians 
to be competent to treat changing populations.”[23]

After a review of the literature of published curricula and guidelines, as well 
as an analysis of the International Opportunities in Medical Education database, 
Kahn and colleagues [3] assert that, going forward, global health educators will 
need to further use evidence-based methods to standardize global health cur-
ricula to ensure a practical, testable level of students' skills. The authors recom-
mend that a dedicated global health textbook for medical students accompany 
this curriculum. Additionally, medical schools should engage parent university 
leadership, as the buy-in of leaders beyond the school of medicine is critical for 
ongoing international partnerships, support for students in both travel practi-
calities and legal agreements, and protected time for global health faculty. This 
support will also assist parent universities in assuring that international partner-
ships are also equitable and appropriate for partners abroad. The current online 
learning resource centers, published curricula, and databases of educational 
opportunities represent important methods to track outputs of undergraduate 
medical education global health programs. Moving forward, researchers will 
need to assess long-term educational outcomes for participating students, fac-
ulty, and institutions.

The International Federation for Emergency Medicine has taken a slightly 
different and more specific approach—recommending essential elements of the 
specialty of EM for inclusion in medical student education in medical schools 
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across the globe.[26] Students considering global health need clear learning 
objectives and evaluation metrics. Parent universities fortifying collaborations 
in standardizing core elements of a state-of-the-art global health curriculum will 
assist in better evaluation and measurement of the outcomes of such programs 
for participants—both for students, as frequently evaluated in the past, and also 
for global health faculty.

Key metrics for assessment and evaluation of global health programs at med-
ical schools may include numbers of participating students and faculty; number 
of resulting courses; programs; presentations; grants; publications; and surveys 
of knowledge, attitudes, and practice. In addition, longitudinal cohort studies, 
at multiple institutions, can be instituted to address whether global health and 
global EM academicians are promoted with equal parity to their non–global 
health academic counterparts.

13.3  RESEARCH QUESTION 2: HOW TO EVALUATE AND 
MEASURE THE IMPACT OF NEXT-GENERATION GLOBAL 
HEALTH EDUCATION MODALITIES AT THE UNDERGRADUATE 
MEDICAL EDUCATION LEVEL?

13.3.1  Future Content

Global health training within undergraduate medical education has rapidly 
evolved during the past decade.[14, 27, 28] Three specific education areas will 
need to be addressed to advance global health education for medical students: 
curricular content, teaching modalities, and competencies.

The content for structured global health training within undergraduate 
medical education can be divided into three topic areas that include preclinical 
concepts, clinical concepts, and social determinants of health concepts (Table 
13.1). These divisions allow for global health training prior to the delivery of 
patient care, at which time interdisciplinary theoretical concepts, such as global 
health policy, global health economics, and global food security can be inter-
twined with theoretical medicine. During clinical training, medical students 
can study diseases that affect patients in a variety of global settings, including 
infectious diseases, pediatric illnesses, and mental health. The third content 
area, social determinants of health, spans both preclinical and clinical training, 
and it can be included longitudinally throughout undergraduate medical educa-
tion training. [29] Specifically for EM, clinical topics may include trauma care, 
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prehospital care, acute presentations of noncommunicable diseases, pediatric 
emergencies, and obstetric complications.

TABLE 13.1  Future Content for Global Health Undergraduate Medical Education

Content Area Global Health Topics

Preclinical topics 1.  Communicable diseases

2.  Noncommunicable diseases

3.  Medical ethics and human rights

4.  Hygiene and sanitation

5.  Food security and nutrition

6.  Health economics

7.  Health policy and comparative health systems

8.  Injury prevention

9.  Health education and promotion

10.  Technology and health care

Clinical topics 1.  HIV/AIDS

2.  Tuberculosis

3.  Malaria

4.  Diarrheal diseases

5.  Tropical medicine

6.  Respiratory diseases

7.  Diabetes

8.  Cardiovascular diseases and hypertension

9.  Obstetrics and gynecology

10.  Pediatrics

11.  Mental health

Social determinants of 
health

1.  Socioeconomic and structural factors of health inequities

2. � Money; power; and resources at local, national, and global 
levels

3.  Integrated policy approaches

4. � Interrelated sectors (such as food, water, housing, and 
energy) impact on health outcomes
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13.3.2  Future Teaching Modalities

Effective transfer (from teacher to student) of global health knowledge and skills 
will require robust teaching modalities beyond mere classroom didactics. Future 
teaching modalities will need to incorporate simulation technology, team-based 
learning, cased-based learning (with specific content for global health scenar-
ios), and Web-based education platforms. In addition, tele-education will pro-
vide the opportunity to link participants from around the world, both educators 
and students, into global health education efforts. For example, through tele-
education, teachers and students at both a U.S. institution and an international 
institution can discuss cases and conduct active learning, and when a student 
exchange occurs, the same small group can continue the group discussion even 
though the students have changed locations.

13.3.3  Future Competencies

Along with focused global health curricular content and innovative teaching 
modalities, specific competencies in global health education will need to be 
modified and expanded to establish effective undergraduate medical education 
global health learning platforms at medical schools. In addition to core content 
knowledge about global diseases and public health issues, students will benefit 
from advanced global health competencies that will allow them to take skills 
with them into residency and later into their careers as independent practitio-
ners (Table 13.2). In addition to established core competencies for medical 
students that can be integrated into global health curricula, these advanced com-
petencies help train medical students with skills that allow for more effective 
lifelong practice of global health.

TABLE 13.2  Advanced Global Health Competencies for Medical Students

1.  Needs assessments of local populations

2.  Effective prevention strategies

3.  Health promotion

4.  Ethics of research in international settings

5.  Evaluation  of effectiveness  of interventions
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13.3.4  Metrics for Evaluating Novel Global Health Education 
Programs at the Undergraduate Medical Education Level and 
Student Performance in These Programs

When educators discuss evaluation methods for medical students in global 
health experiences, they must consider lessons learned and best practices to 
guide our future assessment modalities in the undergraduate medical education 
setting. Taking into consideration previous graduate medical education (GME) 
core competencies, and the current transition to the GME Milestones, student 
evaluations should also be multisource, compiling feedback from supervisors, 
peers, health care personnel, and patients. Because milestones allow for com-
petency-based rather than time-based progression, they are particularly useful 
for a longitudinal “track” experience in global health in a medical school cur-
riculum. While milestones require a minimum competency at outset, and a 
specific benchmark competency for progression to the next level of training, a 
learner may not achieve a maximum score at the completion of an experience. 
In fact, the highest score is meant for an expert practitioner, and the expectation 
is that learners gradually increase as they progress through their education from 
undergraduate medical education to GME and into lifelong learning. Perhaps, 
milestones achieved in medical school can be used to confer advanced status in 
GME global health competencies.

A lack of consensus exists, however, of the specific learner competencies that 
should be assessed [25] or of how learners and programs should be evaluated. 
Valid assessment is essential to determining the success of an individual or an 
educational program. To effectively evaluate the learner or program, the curricu-
lum must be paired with the evaluation modality. The assessment tool used will 
be dependent on the competency it is measuring, and multiple assessment tools 
may be required for a comprehensive appraisal of a program or an individual's 
skill. Professional organizations have initiated the compilation of toolkits for 
global health resources, including evaluation tools.[30]

Examples of tools to evaluate learners include surveys (rating scales, free-
response, etc.), objective structured clinical examination (OSCE) standard-
ized patients or simulation cases, direct observation, written examinations, oral 
examinations, and preceptor evaluations. Specific competencies will lend them-
selves best to particular types of assessment. For example, a question related to 
the competency of “global burden of disease and morbidity and mortality clas-
sification” may be best measured as a purely recall question. In this case, a stu-
dent could be asked to “Describe how the major categories of morbidity and 
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mortality used by the World Health Organization vary by age” for communicable 
and parasitic diseases versus noncommunicable conditions versus injuries. The 
competency, “health care utilization in low-resource settings,” however, may be 
better addressed using a simulated scenario or OSCE. In this case an evaluation 
may require that a student “Demonstrate the ability to adapt clinical skills and 
practice in a resource-constrained setting.” To demonstrate competency in this 
area, students should: “Identify symptoms and signs for common major diseases 
that facilitate diagnosis in the absence of advanced testing often unavailable in 
low-resource settings.” A student might accomplish this via demonstration of 
his or her ability to diagnose and to treat a case of suspected tuberculosis or 
pneumonia without accessibility of x-ray.[31] Table 14.3 shows an example of 
competency domains and linked assessment methods.[32]

As the focus in medical education changes to outcomes-based education, 
performance-level standards may also be adopted for the evaluation of out-
comes in global health. At the individual level, a performance-level schema (for 
example, novice, advanced competent, expert, and master) and professional 
activity confidence levels, defined by clear rubrics, could be used to guide the 
evaluations of global health learners in medical schools.[33] Portfolios are 
also useful for this process when combined with reflections and formal written 
feedback in a 360-degree manner.[34, 35] The 360-degree evaluation method 
would require evaluations from the host communities in addition to our own 
local faculty, staff, and students. This process could include not only evaluation 
of learning outcomes, but also results for the international partners, including 
benefits of such a relationship to the community (development of new protocols 
or programs, availability of specialists, equipment, etc.), as well as costs, includ-
ing the time spent focusing on a visiting learner.

At the same time, methods to evaluate (and measure the effect of) medical 
school programs in global health with objective and standardized evaluations 
must be developed. Better tools for evaluating global health curricula will allow 
schools to collect more robust data on the efficacy and value of these programs. 
When creating these methods, medical education research on evaluating stu-
dents in different settings should be considered. Indeed, one difficulty encoun-
tered is that the settings of didactics as well as electives and populations served 
vary markedly. It can be difficult to compare programs working in different eco-
nomic and geographic settings and those focusing on different types of practice 
such as research versus clinical.
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TABLE 13.3  Aligning Competencies at the Abstract and Contextual Levels With Evaluation and Teaching Methods Using Pediatric Diarrhea as an 
Example

Competency  Area Competency  in Context: Child With 
Diarrheal Disease

Teaching Method  Options Evaluation  Methods

Communication Skills The learner explains  to parents different 
causes of diarrhea  in the child in a clear 
manner.

Formalized  learning  using simulation. 
Assigned  reading  on pediatric  
diarrheal pathologies and treatment.

Standardized  patient  exercise

Basic clinical  skills Using physical  examination skills, the learner 
identifies the signs of dehydration in the 
child.

Simulation/mannequin practice. 
Physical examination textbook. 
Supervised  clinical experiences.

Structured direct observation 
and feedback. Standardized 
patient  examination.

Using evidence-based 
medicine to guide diagnosis,  
management, and prevention

The learner identifies community-based 
resources to assist parents in improved 
household sanitation and hygiene.

Self-guided research. Assigned  
readings. Small group  sessions.

Written  examination

Moral reasoning  and medical 
ethics

The learner explains  the most important 
competing issues that weigh  in the decision  
to use scarce resources, such as oral 
rehydration therapy,  intravenous fluids,  and 
inpatient admission

Small group  discussion  of case 
scenarios. Programmed reading.

Oral examination

Problem-solving The learner appropriately identifies and refers 
acutely ill children  with  severe dehydration 
and sepsis to an increased- capacity hospital  
for critical care.

Small group  discussion  with  scripted 
patient  management problems. 
Assigned problem set with  feedback.

Chart audit

Professionalism The learner obtains  appropriate parental 
consent prior  to the care of children.

Lecture. Self-directed review  of 
confidentiality policy.

Supervisor evaluation

Adapted from  Gruppen  et al.32
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13.4  RESEARCH QUESTION 3: WHAT IS THE LONG-TERM 
IMPACT TO MEDICAL STUDENTS?

To better measure the value of global health education, the long-term effects on 
medical students must be assessed. To date, the “enthusiasm (of students) has 
not been matched by medical educators' interest (or ability) to evaluate interna-
tional health experiences with more rigorous studies.”[17] To this point, the vast 
majority of the current body of literature in this area focuses on self-evaluations 
using Likert scales and changes in knowledge, attitudes, and practices within a 
short time after an overseas rotation.[15, 17]

The review by Battat et al.[25] of the global health literature listed several 
outcomes in experiential learning. In implementing these evidence-based out-
comes, one should aspire to evaluate and to measure them with validated meth-
ods. There are little data on the best practices for evaluating experiential global 
health–related learning in medical students, as well as a lack of well-developed 
rigorous studies measuring outcomes to these students. It can be difficult to 
quantify what are often nebulous outcomes. Those available continue to sug-
gest reflection,[36] as well as attempting to tie outcomes measures to previously 
defined learning goals.

13.4.1  Examples of Methodologies for Measuring Medical Student 
Outputs and Outcomes to Medical Students

13.4.1.1  The Kirkpatrick Model

One of the most commonly used models for evaluation is the Kirkpatrick Four 
Levels evaluation model.[37] The four levels described detail various categories 
of assessment that can help objectively analyze the effectiveness and impact of a 
training program or learning process.

•	 Kirkpatrick Level 1 (Reaction): Surveys, focus groups, interviews, facili-
tated reflection, and debriefing sessions.

•	 Kirkpatrick Level 2 (Learning): Written and oral examinations, standard-
ized patient encounters.

•	 Kirkpatrick Level 3 (Behavior): Direct observation, preceptor and patient 
evaluations (evaluating cultural sensitivity, communication skills, etc.)
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•	 Kirkpatrick Level 4 (Outcomes): Specialty choice and practice envi-
ronment of trainees, role in public health domain, number of global 
health–related publications, patient outcomes, money spent or saved on 
diagnostic testing to reflect cost-effectiveness, quality ratings.

Much of the current literature is based on Kirkpatrick Level 1 outcomes, 
which provide little objective value and just begin to analyze these programs. 
To better review both the short- and long-term effects on medical students, 
higher-level Kirkpatrick outcomes must be sought. In the global health arena 
with a great number of unpredictable variables, the separation of researchers 
and subjects by time and space, and the regulations and practices of multiple 
cultures and societies, higher-level assessments may be difficult. Despite these 
challenges, global health researchers and the communities that they serve are 
calling for higher-level, quality studies, and the field of global health and emer-
gency care will benefit greatly from such research endeavors. Clearly, the exist-
ing body of evidence is limited, and population and impact studies are difficult 
to complete. Medical schools participating in global health education could take 
this opportunity to attempt to develop cohorts for ongoing research about the 
lasting value of these opportunities for students and work together to start to 
quantify results for host communities.

13.4.2  Metrics For Evaluating Long-Term Impact of Global 
Health Education Programs on Medical Students

One possible method for evaluating Kirkpatrick Level 4 outcomes will be to 
assess how global health education influences the future careers of medical 
students. Some literature suggests that medical students participating in global 
health activities may be more likely to select specialties in primary care, but 
these data do not provide clear causation. Using longitudinal prospective medi-
cal student cohorts at individual medical schools or at multiple institutions, the 
potential effects of global health experiences can be evaluated:

•	 specialty choice
•	 geographic setting of practice (urban vs. rural)
•	 location of practice (state, country)
•	 academic or community practice
•	 care of underserved populations
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Research may include selecting students with similar baseline characteristics 
and then comparing cohorts of students in global health activities with those 
who do not engage in global health experiences. In addition, is there a relation 
between global health education as a medical student and future training or 
careers in public health or fellowships and work in global health? Do medical 
students who participate in global health activities choose to research global 
health issues and publish papers on related topics? How many students who 
were involved in global health education at the undergraduate level go on to have 
careers where a large portion of their time is devoted to global health? These 
are important questions to determine if global health education has a significant 
effect on medical students.

13.5  RESEARCH QUESTION 4: WHAT IS THE COST AND 
VALUE TO U.S. MEDICAL SCHOOLS?

13.5.1  Sources of Funding

Global health funding at the medical school level in the United States often exists 
as an amalgam of donors and contributors. These include private and nonprofit 
organizations and endowments; public entities at the international, federal, and 
state level; personal fundraising by medical students and faculty; and host-coun-
try funds earmarked for special projects. The scope and scale of global health 
activity determine the composition of the basket of donors at medical schools 
seeking to balance service with education.

13.5.2  Value to Medical Schools

Global health programs provide opportunities for medical students to serve an 
ever-diverse patient population with clinical confidence and cross-cultural sensi-
tivity.[38] Moreover, these programs offer a proactive stance to seeking the bio-
physical and social determinants of health and well-being of growing population 
segments within the United States. Global health programs at medical schools 
remove students from highly technical care environments and place them in 
resource-limited settings with similar outcome expectations. The newfound 
sensitivity to costs and resources has the potential to drive innovation both 
abroad and at home.[17] At the federal level, the U.S. Department of Health and 
Human Services has outlined global health as a high-profile ambassadorship of 
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the United States to regions of the world that stand to gain from a vital relation-
ship and where we currently have limited collaboration.[39] Global health pro-
grams make teleologic sense to medical schools in the United States seeking to 
recruit intellectual capital drawn to the medical challenges of our time.

Three significant root causes drive the growth of global health on U.S. cam-
puses. First, in response to students' great awareness of global issues through 
media and the Internet, U.S. higher education is placing greater emphasis on 
internationalization and requesting resources from donors to meet this demand. 
Second, the public visibility of the global health agenda and U.S. foreign policy 
encourages academic institutions to be more engaged in the larger movement 
for greater global equity. Third, increased fiscal resources from the U.S. govern-
ment, foundations, and private and corporate philanthropy have created new 
opportunities for universities to pursue global health agendas and create train-
ing paths for students.[27]

13.5.3  Metrics for Evaluating the Value of Global Health 
Education Programs to U.S. Academic Medical Centers and their 
Patients

Global health programs can bring monetary value to patients in the United 
States. Resource limitations on diagnostic testing and increased reliance on 
physical diagnosis abroad may lead to cost savings and lower diagnostic test uti-
lization rates at home.[40] Less obvious, but equally important, global health 
programs engender a pipeline of long-term providers for underserved commu-
nities in the United States.[40, 41]

There is also nonmonetary value to patients, as medical providers (who have 
undergone global health training) anticipate illnesses that cross borders and 
provide public health guidance.[42] Diseases such as SARS and avian influenza 
have the potential to arrive within local U.S. communities, and physicians with 
an awareness of global health care trends may be able to identify these public 
health threats at an early stage.[43] Likewise, exposure to illnesses more com-
mon in global health settings, like Chagas disease and malaria, can broaden the 
diagnostic capacity of practitioners in the United States, thereby benefiting 
patients. Last, global health programs at medical schools can also advance the 
therapeutic relationship through engagement with populations unaccustomed 
to navigating the U.S. health care system.
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The qualitative value of global health programs at medical schools may be 
derived, in part, through 360-degree evaluations from medical students, faculty, 
patients, and ancillary staff both at home and in the host country. The current 
methodology of Likert self-report surveys suffers from selection bias. Long-term 
multi-institutional cohort studies may offer an alternative to properly tracking 
career choice, location, trajectory, and longevity of global health participants in 
United States medical schools. No matter the methodology for evaluation or 
measurement of impact, a formal needs assessment is an essential early step in 
development of any program. This process will facilitate understanding of the 
current state of education and emergency care training, existing infrastructure, 
and present gaps.[44]

13.6  RESEARCH QUESTION 5: WHAT ARE THE VALUE, 
IMPACT, AND BURDEN TO INTERNATIONAL HOST COUNTRIES 
AND THEIR INSTITUTIONS?

There are many motivations for institutions to host global health student 
experiences. In a study of Namibian practitioner-hosts, interviewees were 
happy to share their knowledge and unique learning environment with stu-
dents from another country, even when the trainees were not perceived to 
offer personal or local patient benefit.[45] Most often, however, institutions 
enter into such host relationships to facilitate broader goals. Some look to 
build local esteem through foreign affiliations—aiding in host notoriety 
and allowing recruitment and retention of the community's best physicians. 
Others cite financial incentives—opportunities for tuitions, fees, and grants, 
as well as access to supplies and medications that may be otherwise unavail-
able. A third category includes educational opportunities—knowledge 
transfer and prospects for improved health care delivery and community 
empowerment.[46] Finally, institutions may participate in hopes of develop-
ing partnerships facilitating research and scholarly writing as well as student 
and faculty exchange.

Negative effects on host preceptors and communities also exist.[46] 
They often bear burdens such as uncompensated teaching time and increased 
administrative loads to accommodate visiting students with no formal train-
ing for these roles. Further, the host supervisors are responsible for preventing 
visiting students from creating cultural obstacles to patients' access to health 
care and may shift available mentorship away from domestic students.[46] 
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Additional opportunity costs may include the shunting of patients from local 
clinics to those served by visiting teams and limiting local staff 's time to gener-
ate income attending to private patients. Communities may also have negative 
effects based on limited availability of resources and lack of follow-up or avail-
able prescriptions after specialized procedures when visiting medical teams 
return home.

Crump and the working group on ethics guidelines for global health train-
ing (WEIGHT) assert some best practices to limit these burdens, including first 
respecting local objectives and concerns when developing partnerships and set-
ting clear expectations for roles and responsibilities of both visitors and hosts 
and their respective institutions. They advocate calculating the financial burden 
to all involved stakeholders (including administration, orientation, insurance, 
lodging, health care, and supervision/mentoring) and compensating them 
fairly. Further, they ask programs to encourage frank discussions to delineate 
motivations and potential conflicts of interest related to the development of 
such programs. The WEIGHT group advocates formal training for all involved 
parties to ensure safety and culturally appropriate practices consistent with the 
learner's level of training.[47]

13.6.1  Metrics for Evaluating Value, Impact, and Burden on Host 
Countries and their Institutions

There is a paucity of literature detailing the benefits to trainees participat-
ing in global health experiences or the importance of reciprocating benefits 
to local host communities. Such data should be collected in several forms: 
quantitative reports, including numbers of scholarly publications; grants; and 
programs resulting from such partnerships could be collated. Interviews and 
surveys could be conducted from host physicians, staff, and patients regarding 
both their perceptions and opportunity costs. Case reports of outcomes in 
communities and successful (and challenging) collaborations should be cir-
culated to disseminate lessons learned and best practices. Finally, institutions 
providing undergraduate medical education global health experiences should 
collaborate to conduct higher-level research (for example, Kirkpatrick Level 
4), including longitudinal studies of participating students, hosts, and com-
munities to further elucidate the benefits and costs to host institutions and 
patients.
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13.7  CONCLUSIONS

Global emergency medicine is a subset of emergency medicine focused on the 
improvement of emergency care in other parts of the world, without regard 
to geography, through educational programs, clinical care, and investigative 
research. The efforts embodied by the term global emergency medicine con-
sider emergency care capacity as well as the health of the entire planet.[48]

The consensus-based research questions related to global health education 
at the undergraduate medical education level include:

•	 What is the current scope of global health education at the undergraduate 
medical education level?

•	 How should the impact of next-generation global health education 
modalities at the undergraduate medical education level be evaluated and 
measured?

•	 What is the long-term impact to medical students?
•	 What is the cost and value to U.S. medical schools?
•	 What are the value, impact, and burden to international host countries 

and their institutions?

Whether positive or negative, findings of research in global health medical 
education create opportunities to improve medical school global health experi-
ences and to share and implement best practices. These findings also provide an 
opportunity to enhance specific outcomes to medical students and to patients 
and populations under their care.

No matter the methodology for attempting to answer individual research 
questions on this agenda, conducting a prospective formal needs assessment in 
collaboration with invested local partners is an invaluable tool for defining needs 
and priorities.

Potential tools to evaluate learners include surveys, OSCE standardized 
patients or simulation cases, direct observation, written and oral examinations, 
and preceptor evaluation. Utilization of longitudinal cohorts and other methods 
could serve as powerful means for determining how significant an effect global 
health education has been on medical students.

In addition, better tools for evaluating global health curricula will allow 
medical schools to collect more robust data on the efficacy and value of these 
programs to learners and to patients here in the United States and abroad. 
Employing the Kirkpatrick Four Levels Evaluation Model, particularly Level 4 
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(outcomes), can be a crucial strategy for measuring the effects of undergraduate 
medical education efforts geared towards global health and emergency care.
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