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Abstract

Gathering essential health data to provide rapid and effective medical relief to populations
devastated by the effects of a disaster-producing event involves challenges. These chal-
lenges include response to environmental hazards, security of personnel and resources,
political and economic issues, cultural barriers, and difficulties in communication, par-
ticularly between aid agencies. These barriers often impede the timely collection of key
health data such as morbidity and mortality, rapid health and sheltering needs assessments,
key infrastructure assessments, and nutritional needs assessments. Examples of these chal-
lenges following three recent events: (1) the Indian Ocean tsunami; (2) Hurricane Katrina;
and (3) the 2010 earthquake in Haiti are reviewed. Some of the innovative and cutting-
edge approaches for surmounting many of these challenges include: (1) the establishment
of geographical information systems (GIS) mapping disaster databases; (2) establishing
internet surveillance networks and data repositories; (3) utilization of personal digital
assistant-based platforms for data collection; (4) involving key community stakeholders
in the data collection process; (5) use of pre-established, local, collaborative networks to
coordinate disaster efforts; and (6) exploring potential civil-military collaborative efforts.
The application of these and other innovative techniques shows promise for surmounting
formidable challenges to disaster data collection.
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Introduction

The rapid collection of data regarding key aspects of a disaster is critical to ensuring an
effective disaster responses. The timely collection of data such as morbidity and mortal-
ity statistics, health needs (including mental health), infrastructure assessments, nutri-
tional assessments, sheltering needs, and other disaster characteristics also is essential
in specifically targeting the needs of each community.l_4 However, the environment
surrounding a disaster is chaotic, often hazardous, and usually possesses insufficient
infrastructure to support the rapid collection and consolidation of key disaster data.

There are several predominant challenges in the disaster arena. Environmental chal-
lenges may drastically limit access to the disaster-affected area, destroying local roads
and other transportation systems. The hazard creating the disaster may be ongoing and
may present a significant hazard for disaster response personnel. Infectious diseases due
to degraded infrastructure and lack of adequate water and sanitation facilities may affect
the health of disaster responders and researchers. Societal insecurity and instability may
arise due to the widespread loss of life and destruction of key infrastructure such as
housing and utilities.

Complex disasters create political and economic challenges, includling the host gov-
ernment’s refusal to accommodate certain aid agencies, or a desire by the government
to minimize or change certain disaster data such as mortality estimates. Inadequate
space or resources for data collection may result from the widespread destruction of key
infrastructure. Economic challenges, such as a lack of adequate funding, may further
impede data collection efforts. Cultural and language barriers also may complicate data
collection, due to the need for translators in the event that aid and research personnel
do not speak the local language. Finally, a lack of cooperation among disaster response
organizations further serves to impede rapid and efficient data collection.

The purpose of this article is to discuss challenges in data gathering during recent
disasters, including the Indian Ocean tsunami, Hurricane Katrina, and the ongoing
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response to the 2010 Haiti Earthquake. Furthermore, this arti-
cle will discuss methods to surmount these challenges in order
to improve data collection in future disaster efforts.

Selected Key Disaster Data Indicators

Although an infinite number of potential disaster indicators
could be discussed, for the purposes of feasibility, this discussion
will be limited to the key indicators of mortality, injury/morbid-
ity, rapid health assessments, shelter needs assessments, nutri-
tional and food aid assessments, and infrastructure assessments.
The selection of these indicators reflects the most fundamen-
tal needs in disaster planning and response, as described in the
Sphere Project’s Humanitarian Charter and Minimum Standards
in Disaster Respome.S

Indian Ocean Earthquake and Tsunami
The 2004 Indian Ocean earthquake and tsunami caused an
estimated 229,866 deaths, as well as mass-population displace-
ments.® During such a disaster, even the collection and reporting
of such basic numbers are problematic. There is no standard-
ized procedure for the verification of disaster statistics that are
published in the lay press. Consequently, general estimates in
the initial phases of a disaster may or may not have a factual or
scientific basis. Such estimates may be printed and accepted as
true by the public and remain in historical records, complicating
analysis of disaster characteristics and responses.” Although the
mortality numbers generally are accepted as correct, the source
is a compilation of individual government estimates, and as such,
may or may not have been verified by outside agencies and/or
may be influenced to some degree by political factors.
Researchers in the post-tsunami environment faced chal-
lenges in data collection. Researchers at Johns Hopkins under-
took a major morbidity and mortality data collection effort in
one of the hardest hit areas, Aceh Province, Indonesia. Several
districts within the Province had to be excluded due to concerns
such as government non-cooperation, inaccessibility, or insecu-
1rity.8 The city of Calang in Aceh Jaya, Indonesia was destroyed,
along with all health records, most of the government officials,
and all of the physicians who may have been sources of prior
health and population data. As a result, most data were obtained
from secondary sources, resulting in biases such as misclassi-
fication bias and recall bias.” Communication and translation
challenges, as well as difficulties in transporting data collec-
tion teams were reported by the French Army Medical Service’s
health assessment surveys following the tsunami in Indonesia.10
In many regions of Indonesia, poor prior health record-keeping
also limited the comparative effectiveness of the health data col-
lected following the earthquake and/or the tsunami, making it
difficult to determine which health effects resulted from the tsu-
nami, and which reflected pre-existing health problems.!1
Mortality data collection teams in Sri Lanka also faced polit-
ical challenges. A visiting forensic team tasked with identify-
ing and recording 1,500 estimated deaths due to the tsunami
striking a passenger train only was able to complete 250 records
due to interference from the public and political pressure.l?
Governmental transparency was a key challenge in data collec-
tion in post-tsunami Thailand. Data collected by governmental
groups in regard to water and sanitation efforts and other disas-
ter data indicators, were not made public and were shared only
internally, complicating response efforts.!3

Sri Lanka’s efforts were made all the more challenging given
the massive displacement and poverty that existed in the setting
of an ongoing 20-year war.1* Understandably, Sri Lankan disas-
ter health and shelter data collection teams in the post-tsunami
environment felt that security was a challenge, particularly in
areas such as Batticloa when attempting interview-based shel-
ter and displacement data collection efforts of local women and
public officials.1® Skirmishes broke out occasionally during data
collection efforts, and torture, suicide bombings, kidnappings,
detentions, and assassinations occurred on a daily basis, dramat-
ically complicating research efforts.® The violence and instabil-
ity due to the two major warring factions and the authoritarian
rule of the Libertarian Tigers of Tamil Eelam greatly hindered
ongoing humanitarian aid operations in the Wanni region by
hindering access to civil society organizations.!® Researchers
and disaster responders from Norway also faced stress as evi-
denced in a survey of 1,179 responders (with a response rate of
56%). Survey results indicated that stress resulted from witness-
ing death and chaos, and having to turn away some in need of
help.17 These increases in psychological stress created a barrier
to effective data collection and aid operations.

Lack of national and local mass-fatality plans in Thailand lim-
ited the effectiveness of data collection there, and rapid decom-
position of bodies after 24 to 48 hours made visual identification
of the dead impossible. Furthermore, the sheer number of casu-
alties and deaths overwhelmed the government and healthcare
system.!® These challenges were complicated further by the lack
of adequate technical support from international agencies and
lack of field guidelines for data collectors.* Cultural differences
in the grieving process and a lack of mental health assessment
tools not previously validated in Eastern cultures hampered
mental health data and post-traumatic stress disorder (PTSD)
assessments in Thailand.1%20 In a survey of Australian Disaster
Medical Assistance Team (DMAT) responders, although the
food, water, and sanitation needs of responders were adequately
met, only 64% of responders to a mail-based survey of healthcare
providers stated that they felt security was adequate (although
this survey had a low response rate of 50%).%1 Low response
rates are another challenge facing disaster researchers. Although
this is not unique to the disaster community (and indeed may
be exacerbated due to the above challenges), researchers should
utilize novel strategies or allocate additional personnel resources
in order to maximize response rate and data quality.

Hurricane Katrina

Hurricane Katrina, which hit the coast of New Orleans on 29
August 2005, displaced >1 million people, was responsible for
the deaths of 51,800 people,?? and resulted in [US] $100 billion
in property damage.?3 Due to the pre-existing public health
infrastructure in the US, the disaster created by Hurricane
Katrina posed different challenges in morbidity and mortality
data collection. Mortality data after Hurricane Katrina were
somewhat easier to collect than following the Indian Ocean
tsunami, given the presence of death certificates for the victims
at the Louisiana State Coroner’s Office. Other mortality infor-
mation was obtained through the death certificates of Louisiana
citizens forwarded to the Coroners’ Offices from other states to
which they were displaced.?* However, calculating mortality in
this fashion is time-consuming, and necessitates waiting for the
arrival of the certificates; thus, this method is not feasible for
rapid mortality assessments following disasters. Additionally,
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this method is more feasible in developed countries with central-
ized and well-established record-keeping networks. A further
challenge to mortality data collection after Hurricane Katrina
was that many medical and dental records were destroyed and
the human remains, after prolonged exposure to water and heat,
made visual identification impossible.25 The wide dispersion
of populations to other US states also provided a challenge to
ensuring accurate mortality assessments.20

The completion of health assessments following Hurricane
Katrina was complicated by the dispersion of the affected popu-
lation. Although large numbers of people were present in mass-
sheltering areas, those located outside of such mass-sheltering
areas were difficult to include in these assessments, as their
whereabouts were unknown.2” Similarly, collection of health
data on elderly persons has been problematic in disasters, per-
haps due to disability and its resultant reduction in access to
health services,® and lack of targeted efforts to evacuate and
assist elderly and disabled persons.?*30 The lack of a standard-
ized data collection tool to be utilized across multiple agencies
was cited as a challenge to morbidity data collection.3! Iliteracy
among some study subjects also complicated certain aspects of
health data collection in the aftermath of Katrina, as functional
illiteracy rates (an inability to fill out basic government forms)
among New Orleans are approximately 44%.3%:33 Due to literacy
concerns, surveys were read aloud in one mental health study,
and mistrust of health researchers among African-American
communities also may have limited to some extent, their partici-
pation in health-related studies.3* In another study, health data
from the period of September 2005 through January 20060n
cardiac-related health events simply was not available, as the
only remaining hospital with cardiac services was not operating
at full functional capacity.35 Due to the profound destruction
of property sustained from Hurricane Katrina, researchers had
difficulty locating residents in one geographically based study
on mental health.3¢

Similar to data collection efforts following the Indian Ocean
tsunami, disaster responses and data collection efforts in the
aftermath of Hurricane Katrina were plagued by political chal-
lenges. Poor communication between federal, state, and local
agencies complicated health and disaster assessments, particu-
larly during the initial phase of the disaster.37 Local authorities
perceived that the federal government did not support them or
let them “take the lead” in their respective areas of expertise,
complicating a large, local needs assessment survey following
the hurricane.38

Limited availability of point-of-care testing devices for
common infectious pathogens and other laboratory diagnostic
assays resulted in significant diagnostic delay and a resultant
impairment in rapid health data collection in the aftermath of
both Hurricane Katrina and the Indian Ocean tsunami. Among
the teams who were equipped with these devices, point-of-care
testing demonstrated value in disaster responses following
Hurricane Katrina.3?

In contrast to the Indian Ocean tsunami, data collectors and
disaster responders after Hurricane Katrina did not face violent
opposition to their efforts. However, in the initial aftermath
of the hurricane, there were reports of lawlessness and pub-
lic instability, such as a sniper attack on health workers at one
New Orleans hospital attempting to evacuate injured patients.*
The disaster caused by Hurricane Katrina may have been the
only modern disaster in which the government and basic public

health infrastructure of a major US metropolitan area collapsed
completely.41 This lack of basic public services contributed to
challenges in the collection and reporting of routine and disas-
ter-related health data.

2010 Earthquake in Haiti

The 12 January 2010 earthquake in Haiti resulted in the deaths
of approximately 230,000 persons, 300,000 injured survivors,
and left 1.5 million homeless.*? This earthquake caused more
than double the mortality of any 7.0 Richter scale event.*3 United
Nations assessment teams estimate that 245,000 structures were
destroyed by the earthquake, creating rubble and debris of 30 to
78 million cubic yards, enough to fill the Louisiana Superdome
as many as 17 times.*

The lack of government regulation of and proper record-
keeping of children in Haitian orphanages prior to the earth-
quake made data collection in regard to their health and
well-being an even greater challenge following the earthquake
than before the earthquake. Only 10% of Haitian children have
a birth certificate on file with the governmen’c.45 This lack of
accountability rendered these children easy targets for individu-
als seeking to traffic or otherwise exploit them in the aftermath
of the earthquake.*® Physicians working in Haiti often had
treated girls as young as 12 years of age for sexually transmit-
ted infections, and the multitude of women reporting episodes
of sexual assault in displaced persons camps has led the World
Health Organization to launch a special investigation into the
health needs of women.* However, these types of crimes often
are difficult to document, even in the most ideal circumstances.

The lack of intact hospital records and the destruction of
hospital infrastructure in Port-au-Prince has made collection
of hospital inpatient information all but impossible.48 There
were very few remaining functioning laboratories and radiology
resources that were available in the aftermath of the earthquake,
making diagnosis and identification of diseases and injuries
particularly challenging. Patients undergoing treatment for
chronic illnesses such as HIV and tuberculosis, had no avail-
able medical records of prior treatment.*® Minimal law enforce-
ment resources in the initial days following the earthquake also
complicated relief and data collection efforts,’0 although the
arrival of military forces provided additional security for disas-
ter responders and researchers.

A lack of cooperation among relief agencies plagued efforts
in Haiti. There are reports of relief agencies refusing to share
data, competing for available funding, and ignoring local grass-
roots organizations that may have better established networks
for data collection and aid distribution.’! A lack of knowledge
of available resources also impeded patient diagnosis, treat-
ment, and care, as agencies with similar missions often worked
without knowledge of each other’s projects and the comple-
mentary resources that may have synergistically assisted each
in their endeavors.>?

Surmounting the Challenges of Disaster Data Collection

There are a number of potential innovations that could assist
in surmounting the political, security, environmental, cultural,
infrastructural, and cooperation challenges to collecting data
during and in the aftermath of a disaster. Internet-based data
aggregation systems, such as geographic information systems
(GIS) mapping, may prove revolutionary in the management of
disaster efforts. The Harvard Center for Geographic Analysis,
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in conjunction with the Massachusetts Institute of Technology
(MIT) and Boston University, have joined efforts to establish
the Haiti Earthquake Data Portal.® The Portal integrates all
available GIS mapping of disaster-related data, such as shelter-
ing needs, locations of hospitals and other health facilities, and
almost all other conceivable data related to the disaster. Plotting
such data on GIS maps helps to enable disaster responders to
target the areas most urgently in need of food, identify areas
most appropriate for the construction of temporary shelters, and
plan the most effective locations for future construction (avoid-
ing existing high-risk areas such as fault lines), among many
other potential applications. A similar portal has been used by
responders to China’s earthquakes, and another is under con-
struction for those assisting with disaster-response efforts to
Chile’s 2010 earthquake.

The utilization of an Internet-based morbidity and mortality
surveillance system for Hurricane Katrina evacuees in the US
state of Georgia was one highly effective way of capturing health
data in a rapid manner. Public health officials in Georgia devel-
oped a one-page, health assessment form for disease surveillance
in evacuation shelters and for a death registry for hospital-based
physicians. This use of an Internet-based platform enabled pub-
lic health officials throughout the state to have access to key
health surveillance data, as well as rapid transmission and shar-
ing of the data with the federal governmemt.s4 The US Centers
tor Disease Control and Prevention CDC has developed a simi-
lar Internet-based, rapid, health assessment platform for sharing
of health data called the Rapid Data Collector which has the
further advantage of being deployable on personal digital assis-
tants (PDAs).%® The challenge of such a system is to ensure that
other governmental agencies utilize the platform. The National
Disaster Medical System also has initiated an electronic medical
record, but the compatibility of the system with other agencies
is as of yet, unknown. Other authors also had argued for the
need for such a database in the early aspects of Hurricane Katrina,
in order to rapidly disseminate information, better inform
decision-makers, and avoid duplication of efforts.56

Conducting brief interview-based surveys at “mega-shelters”
such as those established at the Houston Astrodome and Reliant
Park complex is one example of efficient and rapid data collec-
tion in a disaster scenario. In a 2.5-week period, nearly 30,000
health surveys were completed. These data proved invaluable
to healthcare providers and health professionals, and helped to
identify disease outbreaks and the overall health status of a large
population displaced by Hurricane Katrina. Although this type
of mass sheltering may not always be feasible, it highlights an
effective and efficient way of meeting a disaster-affected popula-
tion’s sheltering needs, and quickly monitoring the health status
of the survivors.>’

One study analyzing mortality data in Aceh Province,
Indonesia—one of the areas hardest hit by the earthquake and
tsunami—employed a cluster survey design. Two stages of clus-
ter surveys were conducted using probability-proportional-to-
size methodologies for collection of data. Study authors sampled
1,653 tsunami-displaced households. Measurements of household
size before and after the earthquake and tsunami were collected.
Demographic data regarding those injured or killed were col-
lected, as well as of the survivors.”®? Results were extrapolated to
generate mortality and injury estimates for the entire Province.

Another method for collecting health surveillance data in a
disaster is the use of a collaborative “hotline” for infectious disease

outbreaks. Following Hurricane Katrina, the state of Mississippi
implemented a surveillance system via a telephone hotline.
Health providers at American Red Cross shelters in Mississippi
were directed to report suspected cases of selected infectious
diseases through a hotline to the Mississippi Department of
Health. Reporting in this manner was much more expeditious
than with the previous paper-based system.%9

Other forms of technology may assist in health-related
data collection. The rapid deployment of first responders with
handheld, point-of-care testing devices for common infectious
pathogens could facilitate the diagnosis of disease outbreaks.
Such devices already are available and would “bridge the gap”
in terms of diagnostic testing until more sophisticated labora-
tory facilities become available.®1 For example, the iSTAT rapid
diagnostic device already has proved essential in Haiti in the
rapid identification of patients with crush injury syndrome and
potentially in need of life-saving dialysis for rhabdomyolysis.>2

The establishment of pre-disaster collaborative networks is
another method to facilitate and streamline disaster data col-
lection.62 Following Hurricane Katrina, a pre-existing local
collaborative disaster response network in Houston established
an incident command structure and was the portal through
which all resources related to the ongoing displaced population
from Hurricane Katrina was routed. Local community lead-
ers and physicians were the leaders of this disaster response
network. An Internet website was used for the purposes of
organizing data related to the disaster response network and
communicated the status of relief efforts, such as health needs,
sheltering needs, personnel available, and other key aspects of
the disaster.

Another successful method of data collection in the disaster
environment is Community-Based Participatory Research. In
one study conducted by Springgate ez a/, the key community
stakeholders in post-Katrina New Orleans were developed to
assist in identifying local health needs and barriers to meet-
ing these needs. This type of data collection strategy is par-
ticularly effective in that it involves community leaders in the
process, and builds a community/academic coalition that then
can use the data to formulate and implement interventions to
improve local population health.%3 Such a community-based,
participatory strategy also was helpful for identifying mental
health needs and improving mental health care in schools post-
Hurricane Katrina.t*

Military forces were “unequivocally integral” to the efforts of
medical personnel in one report. United States military forces
rapidly arriving in the aftermath of the Haitian earthquake
quickly established crowd control and security, which allowed
medical, relief, and research teams to most efficiently carry out
their mission.’? The judicious implementation of military forces
in future disaster operations may support disaster data collec-
tion by providing a safe and secure environment for relief and
research personnel to work.

Conclusions

The post-disaster environment presents a multitude of challenges
for those attempting to collect essential data, such as health and
sheltering assessments, key infrastructure assessments, and
morbidity and mortality data. These challenges include politi-
cal, environmental, cultural, economic, cooperation, security,
and infrastructural elements. Many of these key challenges
readily are evident in recent major disasters, such as the Indian
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Ocean earthquake and tsunami, Hurricane Katrina, and the
2010 earthquake in Haiti. However, numerous innovative and
novel strategies, such as the establishment of GIS mapping
disaster databases, internet surveillance and data repositories,
involvement of key community stakeholders in the data collec-
tion process, civil-military collaborative efforts, and use of pre-

established, local, collaborative networks to coordinate disaster
efforts show promise in surmounting the formidable challenges
that exist to disaster data collection. The use of such novel strat-
egies will serve to save countless lives through rapid collection
and dissemination of key health data and the resultant efficient
employment of critical, disaster response resources.
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