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Abstract:

Background: Tropical cyclones include Hurricanes, Typhoons and Tropical Storms. These events
change communities, with a global reach and catastrophic effects. Volunteers often assist communities
affected by tropical cyclones with rescue, response, and recovery. These volunteers can experience
injury or illness or die while assisting after tropical cyclones. It is unknown what evidence exists on
injury, illness, or deaths and prevention strategies or surveillance systems of professional volunteer
disaster responders after tropical cyclone disasters.

Methods: We conducted a systematic literature review of applicable and available public health,
emergency management, humanitarian assistance, and disaster response literature from 2005-2018,
providing data on the tropical cyclone researched, nature of injury, illness or death, year of impact of
the tropical cyclone, disaster type, location of impact, article type, and country of research origin.

Results: Through our searches we identified 1,045 resources, resulting in 261 original pieces of
research, and 122 articles included in our review. 2 (<2%) of the 122 articles assessed the injuries,
illnesses, and deaths specifically related to professional volunteer responders during a tropical cyclone
event. 36 (30%) of the 122 articles were published in 2005, 30 (25%) of the articles were focused on
Hurricane Katrina, 81 (66%) of the 122 articles assessed the nature of injury, illness, or death as
unintentional injuries, illnesses, or deaths in tropical cyclone disasters, 44 (36%) of the 122 articles
assessed mental or spiritual health as the nature of injury illness or death in tropical cyclone disasters
and 41 (34%) of the 122 articles assessed trauma as the nature of injury illness or death in tropical
cyclone disasters.

Conclusions: While there is a body of evidence on health impacts of tropical cyclones, little, if any
evidence exists on the injury, illness, or deaths of professional volunteer responders active in the
rescue, response, or recovery phase of a tropical cyclone disaster occurring since 2005. Implementation
of the Emergency Responder Health Monitoring and Surveillance (ERHMS) framework would greatly
benefit the efforts of understanding these tropical cyclone disasters and their impacts on professional
volunteer responders active in assisting affected communities.
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Introduction:

In the balance of time between the 2005 and 2018 Atlantic Hurricane Seasons, there has been an
enormous increase in the actions of volunteers after tropical cyclone disasters. Volunteers
professionalized and have assisted in rescue, response, and recovery actions after tropical cyclones.
The United States Government (USG) recognizes that citizen and community volunteers account
for the majority of responders to tropical cyclone events.*! When trained and credentialed, these

volunteers act as professional volunteer responders. #!

The same increase in professionalization of volunteers is occurring outside of the U.S., since
cyclone Nargis in 2008 '® . The effects of this storm on Myanmar highlighted the successes of

volunteers on the international humanitarian and disaster response community.

As exposure of professional volunteer responders to more dangerous disaster scenarios increases,
there has been a gap identified in current, available research. This gap exists between professional
volunteer responders in disasters and our understanding of their risk of injuries, illness, and deaths

from tropical cyclone events.

This thesis systematically reviews and reports on the current research available on injuries,
illnesses, and deaths of volunteer, professional disaster responders after tropical cyclone events.
This thesis develops a greater breadth of knowledge in what activities are most dangerous in the

field for professional volunteer responders after a tropical cyclone event.

This thesis uses a systematic process to review the literature and ascertain threats and hazards that

professional volunteers are exposed to in responding to a tropical cyclone event.



Overview:
The overview section provides insight into the effects of tropical cyclones. The section provides a

primer regarding the effects of tropical cyclones on professional volunteer responders.

The World Health Organization (WHO) defines a disaster as “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.” ** Disasters are caused by unmitigated risk; or the confluence of

hazards and vulnerabilities. +°

The impacts of tropical cyclones include hazards include wind and water events. Unmitigated
hazards cause injuries, illness, and death among at-risk populations. Our population of interest was

those responding to the disaster.*

Tropical Cyclones are the most destructive weather systems.?® The impact from cyclones generally
extends over a wide area, with mortality, injury, and property loss resulting from strong winds and
heavy rains. Often secondary events such as storm surges, flooding, landslides, and tornadoes
exacerbate effects of these systems. Although improved warning systems in most cyclone-prone
areas of the world today prevent or reduce deaths, meteorological elements, increased population
growth, and the development of human settlements along coastal areas continue to present risks

associated with cyclone-related mortality and morbidity. 2

The World Meteorological Organization (WMO) defines tropical cyclones as a warm-core non-
frontal synoptic-scale cyclone, originating over tropical or subtropical waters, with organized deep
convection and a closed surface wind circulation about a well-defined center. *° Tropical cyclones

form when wind speed reaches maximum sustained winds of 74 miles per hour or higher. Tropical



cyclones are an umbrella term for tropical storms, cyclones, hurricanes, and typhoons and they are
classified depending upon where the storm originates. The graphic below further defines naming

conventions of these storms. 2
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Figure 1: World Regional Geography: People, Places and Globalization. The Saylor Fund, 2012.

As shown by the graphic, Hurricanes affect North America between May and November. Tropical
Cyclones affect South America rarely, but do affect Africa and Australia between October and
May, and South Asia between April and December. Typhoons affect East Asia between April and

January.’

Monitoring, tracking, and warnings regarding these incredibly destructive systems occurs far ahead

of time.! Each Continent has a regional coordination center that is responsible for warning,



prediction, and relating information on the system to relevant authorities.*” The strength and
severity of the storm changes the scale with the system, based on geography. Winds typically are
the defining factor of a storms intensity and impact. The 195km/h winds from Typhoon Haiyan
impacting the Philippines in 2013 were the worst storm damage ever noted from a tropical
cyclone.* Atmospheric pressure also defines size and scope of tropical cyclones. Lower
atmospheric pressure defines stronger storms; the lowest pressure recorded was with Typhoon Tip

in 1979; which reached 870mb atmospheric pressure. °

Tropical cyclone impacts pose public health risks. The public health risks can be even more

dangerous for professional volunteer responders.*®

Tropical Cyclones produce storm surge and large waves that pose the greatest threat to life and
property along the coast.! Storm Surge is defined as: an abnormal rise of water generated by a
storm's winds. *' Another major threat to communities includes heavy rains and inland flooding
with Tropical Cyclones. These heavy rains result in deadly, destructive floods which affect
infrastructure, property, and individuals. Heavy rains cause inland flooding, which can affect areas
far away from the coast. *! Flash Flooding and River Flooding cause the greatest loss of life in areas
not considered coastal. High winds can cause damage to infrastructure, often carrying debris long
distances, posing large hazards to unfortified structures. Rip currents are formed from dangerous
waves breaking along the coast, producing tides and surf - even far away from the storm. *' Tornadic
activity during Hurricanes consists of small, short-duration tornadoes which typically do not
experience dramatic growth. These tornadoes can only do a small amount of damage and form

either on the outlying edge of the storm or near the center of the eyewall. 3!

Storm surges cause the most direct injuries and deaths after a Hurricane in the U.S. *> One out of

every five or six Atlantic basin tropical cyclones causes loss of life in the U.S.; of those hurricanes,



on average, two to three tropical cyclones per year cause U.S. fatalities.*’* Around 2,544 people
have died in the U.S. or its coastal waters from tropical cyclones in the 50-year period of 1963—

2012.313

In the U.S., over half of the Nation's economic productivity is located within coastal zones. Three
quarters of the ports of the U.S., one quarter of major roads of the U.S., and ten percent of rail lines
within the Gulf Coast region liec below four feet in elevation. *'> Roughly ninety percent of the
deaths in 294 Atlantic Hurricanes occurred in water-related incidents, most by drowning. 3! Storm

surge was responsible for about half of the fatalities from records of 294 Atlantic Hurricanes. 3!

Before the introduction of warning systems that can result in timely evacuation and sheltering,
drowning from storm surge accounted for an estimated ninety percent of all tropical cyclone event-
related deaths. 2° This percentage remains much the same today in areas where cyclone forecasting

and warning, although improved, have yet to be disseminated to all public sectors. %

This pattern of death continues outside of the U.S. For example, in Bangladesh and the Philippines,
factors such as inadequate housing and population density exacerbate risks for drowning from
storm surge. *° Tropical cyclone event-related morbidity generally includes trauma, gastrointestinal
illnesses, and dermal conditions in these tropical cyclones outside of the U.S.. Structural collapse
and wind-strewn debris account for many of the injuries observed during a tropical cyclone outside
of the U.S.. In particular, blunt trauma due to structural collapse may cause mortality during the

rescue and response phase to these tropical cyclones. 2

While there is a generally agreed upon understanding of tropical cyclone events, there is not a

generally agreed upon term for first responders. There is no definition of the term first responder.



The term is used popularly or colloquially to refer to law enforcement, fire, and emergency medical

personnel, especially after the events of September 11, 2001.

This thesis uses the term professional volunteer responders as the population of interest.
Professional Volunteer Responders are people who volunteer and are affiliated with an agency
actively responding to a disaster. Affiliation with a volunteer agency restricts the population of
responders to those not receiving payment for emergency services or disaster assistance provided.*!
This terminology affects the research, as there is not much evidence on those providing disaster
assistance as a member of an affiliated agency. This term is used throughout the thesis, and is of
particular importance to the systematic review of the literature, findings, discussion, and
conclusions. The USG defines professional volunteer responders in the context of the National
Incident Management System (NIMS) as “a volunteer is any individual accepted to perform
services by the lead agency (which has authority to accept volunteer services) when the individual
performs services without promise, expectation, or receipt of compensation for services

performed”. ¥

Emergency management and disaster response professionals rely on a group of both professional
responders and, to varying degrees, volunteers affiliated with official volunteer agencies, such as
Voluntary Agencies Active in Disaster or VOADs. #' These responders are not individuals who are
from the affected population or community, but rather those who belong to an affiliated agency
providing assistance as requested from the local community. “Professionals and volunteers with

9 41

official agencies tend to be viewed as legitimate actors which is the genesis of the term

“Professional Volunteer Responder”, legitimate actors within disaster assistance.



The Systematic Review & Research Questions:

A systematic review locates, appraises, and synthesizes the best available evidence relating to a
specific research question. This is designed to provide informative and evidence-based answers to
complex questions. This information can be combined with professional judgment to make

decisions about how to deliver interventions or to make changes to policy. *®

A systematic review is considered the best, and is known as the gold standard in academic research
for understanding a topic. Systematic reviews synthesize the findings of several studies
investigating the same questions. Systematic reviews follow well- defined and transparent steps
and require the following: definitions of the question or problem, identification, and critical
assessment of the available evidence, and synthesis of the findings and the drawing of relevant

conclusions. #®

Research Questions:

The Core Research Questions we explored in this thesis were:

e  What are the factors which influence professional volunteer responder illness, injury, or
deaths after a tropical cyclone event and what can be done to enhance professional
volunteer responder safety in a tropical cyclone event?

The Secondary Research Questions we explored in this thesis were:

e Since 2005; What are the most commonly reported methods being used to decrease rates
of Professional Volunteer Responders illness, injury, or deaths after a tropical cyclone
event?

o Since 2005; have the factors in Professional Volunteer Responders related to illness, injury,

or deaths after a tropical cyclone event changed over time?
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In responses outside of the Continental U.S.; what is the reported relationship between
country of origin, training and rates of Professional Volunteer Responders illness, injury
or deaths after a tropical cyclone event?

Since 2005, what have been shown to be the most effective programs for decreasing rates
of Professional Volunteer Responders illness, injury, or deaths after a tropical cyclone

event?
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Thesis Statement:

This thesis examines the tropical cyclones, a form of complex humanitarian emergencies that
include cyclones, typhoons, and hurricanes. This thesis examines professional volunteer responders
and their capacity and capabilities. This thesis examines occupational safety, injuries, deaths,
incidents, and accidents while responding to a tropical cyclone event. This thesis is a systematic
review of the literature related to injuries, illnesses, and deaths from tropical cyclone disasters on

professional volunteer responders.

Hurricane Katrina and Cyclone Nargis were both watershed events for the international and
domestic humanitarian and disaster response community. These responses to tropical cyclone

events resulted in vast amounts of research.
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Methods:

The process for the systematic review involved: development of a purpose statement, documenting
the search process including applying limitations on the search process, creating an inclusion and
exclusion criteria, documenting the search terms and processes, and understanding limitations. The
process the involves retrieving the articles, assessing them for relevance, and reviewing the

accuracy of the articles. We also assessed articles for relevance, accuracy, and quality.

Purpose Statement:

The purpose of this thesis was to review the currently available literature which identifies, defines,
reports, or documents experiences of professional volunteer responder illnesses, injuries, or deaths

after a tropical cyclone event.

Search Protocol:

We conducted the review with the search process outlined below. Search terms were used to find
articles within four online resources (detailed below). Articles were retrieved. Only full text
available articles were reviewed. Articles were reviewed according to the search parameters.

Articles were assessed for relevance, accuracy, and quality.

Search Process:

We reviewed previous literature and identified that no previous review or applicable literature could
be found on injuries to professional volunteer responders post tropical cyclone event. During the
search process, we identified a criteria and protocol for the search strategy and researched relevant
articles.

Scholastic Resources:

We searched the following databases: PubMed Central, the National Library of

Medicine’s premier online database; Disaster Literature, the resource guide for
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disaster medicine and public health; Homeland Security Digital Library, the U.S.
Federal Emergency Management Agency (FEMA) online scholarly resource
management repository; Relief-web.com and Humanitarian Response.info; two
repositories for grey-literature, reports, case studies, periodicals and scholarly
research on disasters and complex humanitarian emergencies. We added all of the
resources identified to an Endnote library, and also used Google Scholar and

Google Sheets for reference identification and analysis.

Search Terms:
For Tropical Cyclone — Hurricane, Typhoon, Tropical Event, Tropical Storm,
Cyclone. For Injury, Illness, or Death — Injury, Trauma, Death, Mortality and
Morbidity. For Responder — First Responder, Professional Volunteer Responders,
Rescuer, Response Expert, Response Specialist. 18 Search terms were used
throughout the search process for this systematic review. Search was conducted

methodically using the four distinct resources noted in the Scholastic Resources.

Concept 1 Concept 2 Concept 3
Key Term Tropical Cyclone Injury Responder
a. Hurricane a. Death a. Professional Volunteer
b. Typhoon b. Mortality Responder
izr;troileél c. Cyclone c. Morbidity b. First Responder
Tfrumg d. Tropical Storm | d. Loss of Life c. Rescuer
e. Tropical Event [ e. Trauma d. Response Expert
e. Response Specialist

Table 1: Key Terms and Controlled Language Terms

Inclusion Criteria:

We included articles meeting the following inclusion criteria: articles were

published between January 1 2005 and June 1 2018; Articles were published
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literature from peer reviewed articles from professional journals or publications.
Articles were original thought, and were applicable to professional volunteer

responders. Articles were in English.

Exclusion Criteria:

We excluded articles not meeting the inclusion criteria. If articles were published
before January 1 2005 or after June 1 2018 they were excluded. If articles were not
in English, they were excluded. If articles were not applicable to responders, they
were excluded. If articles were not published, scholarly literature they were

excluded.

Limitations:
One key limitation for this Systematic Review was that we had to rely on available data and there
were very few studies that were applicable to responders, the disaster type and kind we had focused
on, as well as the timeframe. Additionally we limited to studies written in English which could miss
relevant data. Further limits were applied to the type of article and information that was utilized.
This includes a three schedule prioritization for the type of literature:

1. Published Literature

2. Scholarly, Peer Reviewed Articles

3. Published Reports and Case Studies

A known limitation of the methods of this systematic review are the publication of articles in
relation to complex humanitarian emergencies and disasters. The publication of these articles are
often not timely, given the dichotomous nature of disasters. This sensitivity of this data and

information is understood throughout the systematic review.
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Retrieval:

We reviewed the published literature carefully to determine applicability and whether articles met
our inclusion and exclusion criteria. We then divided literature by qualitative and quantitative study
design. We further divided literature by published text, case reports and journal articles. We
retrieved all literature using a reference management database (EndNote) and manipulated the
references using google sheets. We tabulated the literature by search term, engine located and date.

To avoid duplication; a master list was created within Sheets and preserved.

Critical Review:

During the critical review, we examined biases in reporting and selection of articles and references.
While we retrieved the literature, all references were tabulated, collated, and uploaded to the
reference management system EndNote. We then copied and pasted the references and literature
into google sheets to be able to manipulate it. We then searched through EndNote for full text

articles. Bias on reporting and selection of the articles were decreased by this process.

Assessment:

We conducted our review following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses or PRISMA guidelines, the evidence-based minimum set of items for reporting in
systematic reviews and meta-analyses. As a result, we ensured that our reporting of systematic
reviews included descriptions of the identification, screening, eligibility, and inclusion selection

assessment. !



16

We identified 1,045 documents through the search process. While searching, we found that 784 of
the documents were duplicates. We retrieved 261 documents after completing the search process.
We applied the inclusion and exclusion criteria, which resulted in 136 articles remaining. We then
found 122 of these articles had full text available. We found 89 qualitative articles and 16
quantitative articles. We found 17 case reports or published text. We found 2 of the articles are
directly relevant to all three aspects of this review, responders, tropical cyclone events and illnesses,

injuries or deaths.

Resource Documents Identified: 1,045 Resources
Duplicates Removed: 784 Resources
Remaining Original Documents: 261 Resources
Inclusion & Exclusion Criteria Applied: 136 Resources
Full Text Available: 122 Resources
Qualitative: 89 Articles
Quantitative: 16 Articles

Case Reports & Published Text: 17 Resources

Quoting “Responders, Tropical Cyclones and Injuries, Illness, Deaths”: 2 Articles

Table 2: PRISMA Flow Chart with Analysis of Resources and Articles, Marshall 2018
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Findings:

We classified the 122 articles identified in this section by: the year that the disaster happened, the
name of the tropical cyclone event of which the article is identified, type of disaster the article is
related to — including hurricane, typhoon or tropical cyclone — and other, where the tropical cyclone
event occurred — outside or inside of the continental U.S. or otherwise, location of landfall of the

tropical cyclone event, and publication type.

We identified 122 articles, only 2 (<2%) of the articles catalogued the experiences of professional
responders assisting after tropical cyclone events. We found the articles, "Injuries and Illnesses
Among American Red Cross (ARC) Responders—United States, 2008—2012" and "Disaster-
related exposures and health effects among US Coast Guard (USCG) responders to Hurricanes
Katrina and Rita: a cross-sectional study" were of particular value to this systematic review. We
found only one, Injuries and Illnesses American Red Cross Responders, address the experiences of

volunteers in disasters.

We found all the information for the findings directly from the articles, after an exhaustive read of
all 122 articles. Charts and analysis were built with information ascertained from the systematic
review. We found Analysis of trends within the literature and both are identified in graphical

representation by figures, and in direct summary of the articles and figures.

We performed an analysis focused on characteristics of the articles as they relate to injuries,
illnesses and deaths of professional volunteer responders during these tropical cyclone events.
Analysis assists in the total understanding of the systematic review. The analysis provides clarity

on the review, as well as on the findings of the articles.
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Trends in publications related to tropical cyclone disasters
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Figure 2: Count of Articles and Year of Disaster, Marshall 2018

Figure 2 describes the articles reviewed and the year that the principal disaster of the article
occurred. 36 (30%) of the 122 articles were produced for a disaster in 2005; 16 (13%) of the 122
articles are in reference to 2012 disasters, 14 (12%) of the 122 articles are in reference to 2013

disasters and 13 (11%) of the 122 articles are in reference to 2008 disasters.

Analyzing the articles within this systematic review by “Year of Disaster” was the first measurable
undertakings of the review. Many articles were written in different years then when the articles
primary disaster occurred. In the case that the article was in reference to multiple disasters, the first

year in question of the article was provided.

The 2005 Atlantic hurricane season was a landmark year for disasters. By almost all standards of

measure, the 2005 Atlantic hurricane season was the most active of record. * Twenty-eight storms
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occurred, including 27 tropical storms and one subtropical storm. 1500 deaths occurred in the U.S.
from Hurricane Katrina. Hurricane Katrina is the deadliest U.S. hurricane since 1928. Over $100
billion in damages in the U.S. was attributed to Hurricane Katrina and the 2005 season, making this

season the costliest hurricane season ever. *

In 2013, Typhoon Haiyan, one of the strongest tropical cyclones ever recorded, devastated portions
of Southeast Asia. It is the deadliest Philippine typhoon on record, killing at least 6,268 people.
Typhoon Haiyan is also the strongest storm recorded at landfall, and the strongest typhoon by wind

speed. The storm caused nearly $4.55 Billion in damages to the Philippines. > 4

The 2012 Atlantic hurricane season was the first season with impacts on the U.S. since 2008 and
Hurricane Ike. Sandy brought hurricane-force winds to the U.S. coast, but wasn’t a Hurricane when
it made landfall. Sandy caused nearly $50 billion in damages, making Sandy the second- costliest
cyclone to hit the U.S. behind Katrina. 147 direct deaths are attributed to Sandy. At least 87 indirect

deaths were associated with Sandy or its remnants in the U.S.. 2! 1% 165
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Count of Name & Identifier of Tropical Cyclones in research of
tropical cyclone disasters

Count of Articles

Name & Identifier

Figure 3: Count of Articles and Named Disaster Identifier, Marshall 2018

Figure 3 describes the articles reviewed and the named disaster or identifier of the disaster that
occurred. 30 (25%) of the 122 articles are related to the named tropical cyclone Hurricane Katrina
in 2005; 26 (21%) of the 122 articles are related to multiple named tropical cyclones. 16 (13%) of
the 122 articles are related to an unspecified tropical cyclone. 14 (12%) of the 122 articles are
related to the named tropical cyclone Hurricane Sandy in 2012 and 12 (10%) of the 122 articles are

related to the named tropical cyclone to Typhoon Haiyan in 2013.

The name of each storm associated with individual articles was identified during this systematic
review. Hurricane Katrina was the subject of approximately 30 articles identified during the review
process. The unspecified and multiple columns, appears to hold a large amount of the studies
conducted. These were conducted on either multiple events, including Hurricanes, Typhoons and
Tropical Cyclones or remained unspecified during the process of the review. The latest named
storm to be identified during this portion of the review is Hurricane Matthew in 2016, but with only

1 article reviewed.
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Hurricane Sandy, Typhoon Haiyan and Hurricane Ike rounded out the last portion of the highly
marked named storms. The spread of the named storms identified during the research of this
systematic review highlighted the need to take a global approach to the understanding of tropical
cyclone impacts. It is understood that these disasters are not solely a North American problem, but
moreover a global problem encountered by multiple communities throughout the world, where

there are coastlines with individuals residing in dangerous places. *°

Count of tropical cyclone type in tropical cyclone research
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Figure 4: Count of Articles and Event Type Researched, Marshall 2018

Figure 4 describes the articles reviewed and the disaster event type that occurred, including
Hurricane, Tropical Cyclone, Typhoon or other event. 64 (53%) of the 122 articles are related to a
Hurricane event researched. 25 (20%) of the 122 articles are related to other types of events
researched. 19 (16%) of the 122 articles are related to a Typhoon event researched. 14 (11%) of the

122 articles are related to a Cyclone event researched.
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In the case that multiple types of events were researched, the primary event of the article was
counted. 64 (53%) of the 122 articles were related to Hurricane events researched. 25 (20%) of the
122 articles were related to other events researched, which included sub-tropical cyclones and
tropical storms which were unnamed. 19 articles were related to typhoon events researched. 14

articles were related to tropical cyclone events.

64 (53%) of the 122 articles researched were in reference to Hurricanes, however this is not to say
that 64 of the hurricane articles were US based, nor that articles were on 64 individual hurricane
events. As stated earlier, Hurricanes are identified in the Atlantic and Pacific basins, if north of the
equator. Cyclones and Typhoons occur in the Pacific and Indian basin, dependent on where the
storm forms, and at which velocity it strikes. Of the 25 other articles, many were on tropical storms,

or identified tropical systems which did not become Hurricanes, Tropical Cyclones or Typhoons.

Current analysis and trends noted by the National Hurricane Center and other meteorological
agencies note that Hurricanes, Typhoons and Tropical Cyclones occur at generally the same
frequency per year, when adjusted for time. Subsequently, reporting and research on such events

should be even throughout their distribution, as reported by the literature it is not even throughout.

4,5,36,8,30
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Figure 5: Count of Articles by Disaster Location, Marshall 2018

Figure 5 describes the articles reviewed and the location of the disaster event that occurred.
Location of which the primary disaster occurred was noted. In the event that an article researched
multiple states or countries, it was noted as multiple. 29 (24%) of the 122 articles were based in
Louisiana, U.S.; 27 (22%) of the 122 articles were noted as occurring in multiple states or countries,
15 (12%) of the 122 articles were based in the Philippines 12 (10%) of the 122 articles were based
in New York, U.S. and 12 (10%) of the 122 articles were based in Texas, U.S.. China and Florida,
U.S. both had 3 articles associated, while Myanmar (Burma) and New Jersey U.S. had 2 articles

associated.

North Carolina U.S., Mississippi U.S., and West Virginia, U.S. had an individual article, as did
Jamaica, Reunion Island of France, Iran, Mumbai India, India outside of Mumbai, Solomon Islands,
the Republic of Korea, Taiwan, Bangladesh, Malawi, New South Wales and Queensland, Australia,
Hong Kong and Haiti with single articles. In noting the location of which the disaster occurred for

this systematic review; it became evident that “United States” was not as appropriate to investigate
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the totality of where these disasters occurred. Of the locations identified, 8 were states within the
continental U.S. (Texas, Florida, Louisiana, New Jersey, New York, North Carolina, Mississippi

and West Virginia). These 8 states accounted for 61 of the articles identified.

Trends in sources for research related to tropical cyclone
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Figure 6: Trends in sources for research related to tropical cyclone disasters, Marshall 2018

Figure 6 describes the articles reviewed and the type of the article which the article was published
as. Of the articles and resources identified; all of those included were either Centers for Disease
Control and Prevention (CDC), publications, journal articles or books. These CDC publications
include the Mortality and Morbidity Weekly Reports (MMWR), Case Reports, and Event Reports.
The primary agency responsible for the CDC publications is the National Institutes of Occupational

Safety and Health (NIOSH).

105 (86%) of the 122 articles used in this systematic review, were from scholarly, peer-reviewed

journals. 13 (11%) of the 122 articles were reports from the CDC, there were no other included
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reports from any other agency other than the CDC which focused on tropical cyclone events
included within the research parameters. 4 (3%) of the 122 were textbooks, as noted previously in

the methods section.

The amount of scholarly research currently available, in reference to tropical cyclone events is
commensurate with other amounts of research provided. The CDC and NIOSH were responsible
for 12 of the 13 articles published by the CDC, and provide a great avenue related to the
concentration of the vulnerabilities of professional volunteer responders to the hazards experienced

in responding to tropical cyclone events.
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Figure 7: Count of United States based research articles, Marshall 2018

Figure 7 describes the articles reviewed and if the primary research of the article was performed in
the U.S.. 81 (66%) of the 122 articles conducted research within the Continental U.S., while 41
(34%) of the 122 did not conduct research within the Continental U.S.. Of the articles identified,
research conducted in the U.S. was determined by reviewing the methods sections and

understanding the concept of the research. It can be understood that many of the articles identified
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were supported by U.S. based institutions, or conducted with U.S. based disasters, however this
mirrors previous points about where disasters occurred; and subsequently where the research was

conducted.

Subject Mentions

Count

Figure 8: Injury Subject Mentions of 122 articles, Marshall 2018

Figure 8 describes the articles reviewed and the primary subject mentioned within the article as it
related to injury, illness or death. The primary focuses of the articles, and the primary cause of
injury, illness or death of responders are mental and spiritual health, workplace performance,
unintended injuries and illness, non-fatal injuries, chronic diseases, communicable & non-

communicable diseases, mortality and morbidity surveillance, and trauma.

44 (36%) of the 122 articles referenced mental and spiritual health following tropical cyclone
events. The focuses of these articles are on responder health and wellbeing, as well as mental, and
spiritual wellbeing. The articles insist that spiritual wellbeing plays a primary factor in illness or

injury.
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Many of these articles referenced suicide as a primary cause of injury or death for responders. These
articles did not extrapolate on mental health consequences in disasters, or specify that their primary
focus was on responders. The articles also included that mental and spiritual health is often
overlooked as a primary injury or illness type, and provided insight into the changes that need to
occur within the adherence to mental and psychological intervention with responders. One article
noted the broad range of health and mental health consequences as a result of work-based exposures
to natural or man-made disasters. The article concludes that there “is a lack of appropriate event-
based psychological or mental health support resources for tropical cyclone events.” 2 The article
identifies that the cumulative nature of mental and psychological stress may be a cause of injury or

illness to professional volunteer responders.

22 (18%) of the 122 articles reference workplace performance. Workplace performance is often
described as the way in which those who respond to disasters can improve including use of
appropriate tools or technological innovations to be safe. All articles referenced how paid staff of
fire departments, police departments, emergency medical care facilities or emergency management
agencies could improve their work performance in the face of disaster and tropical cyclone events.
One article noted that hospital staff may need to look for areas of higher ground during tropical

cyclone events and be prepared to move rapidly when storm surge occurs.

81 (66%) of the 122 articles referenced unintentional injuries and illnesses. The unintended injuries
noted within the research included: chainsaw strikes, heavy equipment injuries, vehicle accidents,
insect bites or stings, strains, sprains and orthopedic injuries, burns, carbon monoxide, lacerations,
contusions, abrasions, punctures, illnesses from water, illnesses from food, cold and flu like

illnesses, cold and heat related injuries and illnesses.
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None of the articles performed a comprehensive review of injuries after a hurricane. None of the
articles controlled for professional volunteer responders actively responding to a disaster. However;
many attempted to provide insight based on case reporting and studies based on emergency
department admissions information. ' & 1% 2! Of those which looked at emergency department
admissions, one article provides more quantitative information related to Hurricane Sandy. Given
that Hurricane Sandy was the most destructive landmark and watershed event after Hurricane
Katrina in the U.S., this quantitative understanding of the injuries after Hurricane Sandy gives great
insight. This article identifies dangers of cleanup activities and the application to public health
practice after a tropical cyclone event. “Most reported injuries occurred after Sandy had passed and
were associated with clean-up and repair activities.” ® Injuries such as lacerations of upper
extremities and back strains, were also the most frequently reported in this study of Hurricane
Sandy. !%6 1% 2! The article concludes that Tropical Cyclone events were already known to cause
unintended physical injury or illness either directly, where debris is blown or thrown or where
people return to affected areas and perform clean-up. In the aftermath of Hurricane events in the
U.S., the upper extremities sustain lacerations and the back is affected by soft tissue injury

consistent with strains or sprains. ¢

16 (13%) of the 122 articles specifically referenced non-fatal injuries. Of these, all were also related
to unintentional injuries or illnesses. Of these, the non-fatal injuries included were wound
management after injuries, care, treatment and management of trauma after disasters and
catastrophic injuries including chainsaw accidents and heavy equipment accidents in the time after
responding to disasters, this also includes motor vehicle injuries and crashes. There is substantial
information provided by the CDC on the dangers of chainsaws and heavy equipment, as well as
non-fatal injuries from dangerous equipment after disasters. !® & 1% 2! One article found that

occupational risks for non-fatal injuries were consistent with “flood cleanup, exposure to electrical
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hazards and motor vehicle accidents.” This was especially evident during Hurricane Sandy in the

U.S., where there was severe disruption to transportation infrastructure.

6 (5%) of the 122 articles reference chronic diseases. Of these articles, only one provides direct
examples of the impact for chronic disease care, specifically for heart disease in responding
firefighters. Heart disease is identified as one of the largest threats to professional volunteer

responders when not responding to disasters; or while in “staging” awaiting a response request.

3 (2.5%) of the 122 articles specifically mention communicable or non-communicable diseases.
All of these articles are related to individual responders with pre-existing conditions. These articles
note an exacerbation of symptoms associated with pre-existing conditions, such as diabetes or

chronic respiratory diseases.

18 (15%) of the 122 articles are related to surveillance: both the need to increase active surveillance
of healthcare trends after tropical cyclone events and disasters, or the analysis of surveillance
systems after tropical cyclone events and disasters. An article notes that an effective mechanism
that “performed a longitudinal e-mail survey that assessed preventive measures taken before and
during deployment, exposures to hazards while deployed, and health outcomes at 1, 3, and 6 months
post- deployment”. The recommendations make effective point about the lack of surveillance

specific to professional volunteer responders.’’

41 (34%) of the 122 articles associated Trauma with tropical cyclone events. Care should be taken
to describe Trauma in this use as physical trauma, and not psycho-social trauma as in Post-
Traumatic Stress or mental and psychological health. Trauma was noted as the primary association
with tropical cyclone events in 5 articles applicable to professional volunteer responders, the

greatest association of the systematic review. This is the only time that quantitative evidence of the
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injury to a professional volunteer responder from a tropical cyclone event were evidenced during

the systematic review.

We found only two articles which stated the injuries, illnesses and deaths of professional volunteer
responders, injuries and illnesses, after tropical cyclone disasters. These articles are "Injuries and
Illnesses Among American Red Cross (ARC) Responders—United States, 2008—2012" and
"Disaster-related exposures and health effects among US Coast Guard (USCG) responders to

Hurricanes Katrina and Rita: a cross-sectional study".

From these two articles, we found that the injuries to a professional volunteer responder include
lacerations, sprains / strains, exposure to chemical or biological agents and motor vehicle accidents.
The article concluded that “Hurricanes had the highest rates of injuries (14/1000 responders) and
illnesses (18/1000 responders)” * for professional volunteer responders. Most commonly reported
injuries in a tropical cyclone include lacerations/abrasions, strains/sprains, and falls. The most
common rate of hospitalizations were from car accidents or exposure to chemicals after a

Hurricane. 3

The article noted value in identifying professional volunteer responders as subjects, explicitly
stating “Oftentimes, injury and illness rates for responders have been difficult to compare with rates
for full-time workers. Volunteers make up an important part of any disaster response, yet little is

known about their work-related safety and health”. ’

Known vulnerabilities from the USCG response to Hurricane Katrina are to animal bites,
contaminated floodwaters, environmental injuries and illnesses, and penetrating trauma. These
vulnerabilities were the most likely to result in hospitalization of professional volunteer responders.

One article concludes that the most frequent exposures to responders among the USCG during
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Hurricane Katrina and Rita were “animal/insect vectors (n = 1309; 46%) and floodwaters (n=817;
29%)”. ** The articles adds that the most frequent health effects among the USCG during Hurricane
Katrina and Rita were “sunburn (n = 1119; 39%) and heat stress (n = 810; 30%)”. 3* “Few studies,
have focused on disaster responder populations, thus they face poorly characterized risks and
unknown short- and long-term health consequences.” ** This cross-sectional study represents the

first large-scale effort to evaluate exposures and health effects in deployed disaster responders.
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Discussion:

The key findings of this systematic review are that, with regard to the data regarding injuries,
illness, or death among volunteer responders, there are very few, if any, data on this topic. There is
alack of diversity of research in this area, insufficiency of related articles, lack of responder specific
research, and lack of injury specific research. The key findings conclude that there is not sufficient

research into the impacts of tropical cyclones outside of the continental U.S..

This systematic review has provided valuable insight into disaster research. The discussion
addresses the findings of the review and expands on conclusions. It will also address each of the
research questions from this systematic review, in addition to the points brought forward from the

findings analysis.

The systematic review illustrates a lack of sufficient literature and research on tropical cyclone
disasters. The sporadic nature of the research conducted is not conducive to analysis of trends. This
limitation prevents the successful understanding of dangers from tropical cyclone disasters.
Throughout the systematic review, the findings showed there are not many opportunities to
establish and perform good, hard science within the immediate aftermath of a disaster. This is a
limitation on the type of research performed after disasters, because traditional academic practice
is not to become involved in the event. The findings from this analysis show a correlation between
the deadliness and costliness of the tropical cyclone, and the research performed. There were
greater amounts of scholarly, peer reviewed research performed for storms during the years of 2005

and 2012 than for other years. There also have not been studies performed more recently than 2016.

In the immediate aftermath of a disaster the priorities are the preservation of life and property. As
evidenced by this systematic review, there are incredibly important insights which provide a

vanguard understanding of the problems associated with responding to a tropical cyclone event. It
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is imperative that the frequency of the research is increased, and that the research is performed

during or very soon after a disaster.

The dichotomous environment experienced after a tropical cyclone event impact is not overall
conducive to the success of any scientific attempts, as there are many outlying exterior factors

which can negatively affect individual scientific research.

As noted within the review, the majority of the articles reviewed were from disasters occurring in
2005, when Hurricane Katrina hit New Orleans; however, a similar correlation does not occur with
the publication date, as seen in the findings. There was subsequently a great influence of research
for Hurricane Sandy in 2012, without a substantial amount of research performed for storms which
occurred in-between 2005 and 2012. One article noted that despite the obvious risks posted to those
assisting after a Hurricane in the U.S., there was “little comprehensive accounting” ® ' for injuries
and illnesses in the wake of a major hurricane among those working in rescue, response, and

recovery.

There should be more effective processes to make research and publication easier, faster and
quicker within academic publication parameters. It was found that most of the scholarly, peer
reviewed research used in this thesis and the systematic review was far removed from the time at
which the disaster response occurred. One substantive recommendation is the ability to embed
researchers within disaster responder teams, and understand what best practices exist for specific
agencies or organizations, developing a feedback mechanism and a way to learn quickly and
effectively while responding to a tropical cyclone event or disaster, and sharing that information

and best practices to save lives and alleviate suffering.



34

As the worlds of professional emergency management, humanitarian assistance, and disaster
response attempts to professionalize, definitions and opportunities for sufficient and appropriate
scholastic inquiry must be reiterated, rewarded, and pursued. It is the recommendation of this thesis
that researchers can, and should, go into the field and collect quantitative and qualitative data

related to rescue, response, and recovery during disasters.

There are few instances where the researched content met the stipulations of being applicable to
responders. One limitation of this review is that there are not often articles published within
academic journals which are specifically designed for use in the field. This approach of translation
science needs to be further identified within the research approach of most scholarly articles, and

pushed further within reviews.

More information was provided on disasters, their impacts, injuries, and those responding to them
in the publications of trade journals, grey literature, and published reports or case studies. This does
not always meet the traditional definitions of scholarly, peer reviewed literature, and as such it

should be reiterated that more scholastic capabilities of research are pushed to the field.

Given the extremely limited data on injuries, illnesses, and deaths experienced by volunteer,
responders, there was no data regarding prevention strategies. A single article noted “Despite pre-
deployment and on-site education, use of preventive measures such as vaccination, appropriate
clothing, hydration, sunscreen, and insect repellant was variable.” *7 At this time and to the extent
of our knowledge and this review, there are no commonly reported methods which have a
demonstrable decrease in the rate of illnesses, injuries, or deaths among volunteers responding to

tropical cyclone events.
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Again, given the limited data regarding volunteer responders, we could not assess the relationships
between country of origin, training, and rates of Professional Volunteer Responders illness, injury

or deaths after a tropical cyclone event.

There does not exist substantial information of the approach of international agencies, or very many
other countries outside of the U.S., on managing professional volunteer responders after a tropical
cyclone event. The Philippines provided the most information outside of the Continental U.S. on
tropical cyclones and typhoons, especially in the aftermath of typhoon Haiyan. There exists a
substantial need to understand what other countries do to support professional volunteer responders,
and the abilities are certainly there, however this needs to be effectively reported within the

scholarly literature.

To our knowledge, there is little to no information provided by agencies within the United Nations
ecosystem on how to effectively support and protect professional volunteer responders while
responding to tropical cyclone events, which could be of extreme benefit to those assisting after a
disaster. The countries primarily affected by these disasters are not well represented within the
current available research. Additionally, there are no clear estimates of how many responders are

hurt, and what are the mechanisms of their injuries or illnesses.

Sufficient research does not exist on adoption of standard of practice in the safety and health of
professional volunteer responders in tropical cyclone events. The American Red Cross (ARC) notes
that Volunteers make up an important part of any disaster response, yet little is known about their

work-related safety and health.

There has not been any implementation of the Emergency Responder Health Monitoring and

Surveillance Framework in any scholarly, peer reviewed article. The Emergency Responder Health
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Monitoring and Surveillance (ERHMS) system is a health monitoring and surveillance framework
that includes recommendations and tools specific to protect emergency responders during all phases
of a response, including pre-deployment, deployment, and post-deployment phases.” This
framework builds on systems and practices currently in use, and should prove useful to persons or

organizations involved in all stages of a response.

It would be beneficial to be able to examine the information related to injuries, illnesses and deaths
of responders; such as those from the ARC with a direct understanding of the training provided to
such individual professional volunteer responders. There currently does not exist a mechanism for
understanding hospital admissions information to specifically control for those who are responding
to the immediate aftermath of a tropical cyclone event. The framework is designed to be utilized
not just with tropical cyclone events, but all disasters. There should be care taken to approach
further research with this tool appropriately; specially controlling for those who are professional
volunteer responders. Agencies or organizations actively engaged in US-based or international
responses to tropical cyclone disasters should use this framework, and subsequently report on such

use.
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Conclusion:

This thesis and systematic review set forward to examine the factors which influence professional
volunteer responder illness, injury or deaths after a tropical cyclone event. The research conducted
and the systematic review performed provide valuable input to the field of emergency management,
humanitarian assistance, disaster response and public health. The systematic review explained how
little is known about the factors which influence professional volunteer responder illness, injury or
deaths after a tropical cyclone event and what can be done to enhance professional volunteer

responder safety in a tropical cyclone event.

Lacerations, sprains / strains, exposure to chemical or biological agents and motor vehicle accidents
are the largest hazards identified and animal bites, contaminated floodwaters, environmental

injuries and illnesses, and penetrating trauma were the most likely to result in hospitalization.

The systematic review noted that there is not sufficient research to analyze trends or build
consensus on injuries to professional volunteer responders after tropical cyclone events outside of
the U.S.. The systematic review illustrated that there is a severe lack of available research and
literature, and recommends that further research be conducted on the injuries, illness and deaths of

professional volunteer responder after a tropical cyclone event.

Instituting the ERHMS framework may be helpful in the future responses to tropical cyclone
events. The intent of the framework is to identify hazards, vulnerabilities, and exposures; prevent
or mitigate them soundly, provide protection and the ability to still work, and help responders return

to a normal lifestyle after responding.
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Appendix A: Meteorological Definitions

Cyclone:

An atmospheric closed circulation rotating counter-clockwise in the Northern Hemisphere and

clockwise in the Southern Hemisphere.

Tropical Cyclone:

A warm-core non-frontal synoptic-scale cyclone, originating over tropical or subtropical waters,
with organized deep convection and a closed surface wind circulation about a well-defined center.
Once formed, a tropical cyclone is maintained by the extraction of heat energy from the ocean at
high temperature and heat export at the low temperatures of the upper troposphere. In this they
differ from extratropical cyclones, which derive their energy from horizontal temperature

contrasts in the atmosphere (baroclinic effects).

Hurricane / Typhoon:

A tropical cyclone in which the maximum sustained surface wind (using the U.S. 1-minute
average) is 64 kt (74 mph or 119 km/hr) or more. The term Hurricane is used for Northern
Hemisphere tropical cyclones east of the International Dateline to the Greenwich Meridian. The
term Typhoon is used for Pacific tropical cyclones north of the Equator west of the International

Dateline.

Major Hurricane/Typhoon:

A hurricane that is classified at the Saffir Simpson Category 3 or higher.
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Tropical Disturbance:

A discrete tropical weather system of apparently organized convection -- generally 100 to 300
nmi in diameter -- originating in the tropics or subtropics, having a nonfrontal migratory
character, and maintaining its identity for 24 hours or more. It may or may not be associated with

a detectable perturbation of the wind field.

Tropical Depression:

A tropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute

average) is 33 kt (38 mph or 62 km/hr) or less.

Tropical Storm:

A tropical cyclone in which the maximum sustained surface wind speed (using the U.S. 1-minute

average) ranges from 34 kt (39 mph or 63 km/hr) to 63 kt (73 mph or 118 km/hr).

Tropical Cyclone Season:

The portion of the year having a relatively high incidence of Tropical Cyclones. The hurricane
season in the Atlantic, Caribbean, and Gulf of Mexico runs from June 1 to November 30. The
Typhoon season in the Eastern Pacific basin runs from May 15 to November 30. The Cyclone

season in the South Pacific basin runs from June 1 to November 30.

Saffir-Simpson Hurricane Wind Scale:

The Saffir-Simpson Hurricane Wind Scale is a 1 to 5 categorization based on the hurricane's
intensity at the indicated time. The scale provides examples of the type of damage and impacts in

the U.S. associated with winds of the indicated intensity.
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