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Abstract
Background: Tropical cyclones are a recurrent, lethal hazard. Climate change, demo-
graphic, and development trends contribute to increasing hazards and vulnerability. This
mapping review of articles on tropical cyclone mortality assesses geographic publication pat-
terns, research gaps, and priorities for investigation to inform evidence-based risk reduction.
Methods:Amapping review of published scientific articles on tropical cyclone-relatedmor-
tality indexed in PubMed and EMBASE (English) and SINOMED andCNKI (Chinese),
focusing on research approach, location, and storm information, was conducted. Results
were compared with data on historical tropical cyclone disasters.
Findings: A total of 150 articles were included, 116 in English and 34 in Chinese. Nine
cyclones accounted for 61% of specific event analyses. The United States (US) reported
0.76% of fatalities but was studied in 51% of articles, 96% in English and four percent
in Chinese. Asian nations reported 90.4% of fatalities but were studied in 39% of articles,
50% in English and 50% in Chinese. Within the US, New York, New Jersey, and
Pennsylvania experienced 4.59% of US tropical cyclones but were studied in 24% of US
articles. Of the 12 articles where data were collected beyond six months from impact, 11
focused on storms in the US. Climate change was mentioned in eight percent of article
abstracts.
Interpretation: Regions that have historically experienced high mortality from tropical
cyclones have not been studied as extensively as some regions with lower mortality impacts.
Long-termmortality and the implications of climate change have not been extensively stud-
ied nor discussed in most settings. Research in highly impacted settings should be
prioritized.
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Introduction
Tropical cyclones, also known as hurricanes and typhoons, are among the most destructive
weather events on earth. While preparedness efforts have helped reduce mortality,1–4

advances have been uneven and large numbers of fatalities continue to occur.5–8

Prediction9–12 and communication13–16 advances have not been uniformly implemented
world-wide, and optimal risk reduction strategies may vary substantially depending on
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geographic, socioeconomic, and cultural factors. It is currently
unclear how well existing research aligns with information needs.

Successful interventions such as reversal of traffic flow on high-
ways during evacuations in the United States (US) or use of elevated
concrete cyclone shelters in Bangladesh are typically developed,
evaluated, and improved through a combination of research and
practical knowledge of the setting in question.1,2,17 Information
on human mortality due to cyclones can also catalyze government
policies and other interventions.18–20 A geographically and culturally
diverse global research base is thus essential to support timely, situa-
tionally appropriate decision making.

Geographically diverse research is also necessary because cli-
mate change, demographic, and development trends may con-
tribute to increasing hazards and vulnerability, and optimal
interventions to address these issues vary widely across the globe.
Warming, rising seas mean that tropical cyclones may exhibit

more rapid intensification,21,22 increasing wind intensity and
rainfall,23,24 higher risk of prolonged impacts due to stalling,25,26

more extreme storm surges,27–29 and exposure of new regions to
cyclones.24,30 Many affected nations expect substantial popula-
tion growth;31 one model suggests that by 2030, approximately
140 million people will be exposed to tropical cyclones annually,
many in low- and middle-income countries of Asia and Africa.32

Migration toward coastal cities,33–35 settlement of floodplains
and steep hillsides,36–38 loss of protective coastal marshes and
mangroves,3,39,40 and reliance on engineered defenses41–43 may
affect vulnerability. Research on the implications of each of
these trends is needed to guide policy.

In addition, recent studies show that impacts from tropical cyclo-
nes can extend well beyond the date of the storm. Following
Hurricane Maria (2017) in Puerto Rico, the official death toll of
64 promptedmultiple studies which showed that thousands had lost

Inclusion Criteria Exclusion Criteria

Published in English or Chinese Published in languages other than English or Chinese

Focus on tropical cyclones, hurricanes, or typhoons Exclusive focus on statistical techniques

Address human mortality as either a quantitative endpoint or thematic topic Non-human mortality

Abstract available in English or Chinese Published prior to 1985

Indexed in in PubMed, EMBASE, SINOMED, or CNKI
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Table 1. Article Inclusion and Exclusion Criteria
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Figure 1. Results of Structured Process for Identification, Screening, and Inclusion of Articles for Analysis.

410 Articles on Tropical Cyclone Mortality
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their lives in the ensuing months.6,7,19,44 Similar mortality dynamics
have been noted in other settings;6,7,45–49 long-term, all-cause excess
mortality may differ substantially from immediate mortality figures
based on cause of death. However, these effects are only identified

when specifically investigated,19 and while uniform reporting
systems have been proposed,50–52 analysis of mortality remains
challenging.

Growing hazards related to climate change, worsening vulner-
ability related to demographic and development trends, and recent
evidence for long-term and indirect mortality effects create an
urgent need for research on tropical cyclone mortality that can
inform future risk reduction efforts across a wide variety of settings.
This mapping review seeks to describe the production of scientific
knowledge on tropical cyclone mortality and to identify gaps or
biases in the literature with regards to geography, methodology,
and content.

Methods
This study consisted of a structured mapping review of peer-
reviewed scientific literature published in English or Chinese on
the topic of human mortality in tropical cyclones. The majority
of peer-reviewed literature is published in English,53–55 but publica-
tion volume in Chinese has increased rapidly.56,57 Structured searches
were conducted in PubMed (National Center for Biotechnology
Information, National Institutes of Health; Bethesda, Maryland
USA [English]); EMBASE (Elsevier; Amsterdam, Netherlands

Number of
Articles

Percentage
of Total

Total 150 100%

Language

English 116 77%

Chinese 34 23%

Year of Publication

1985 to 2010 56 37%

2010 to 2019 94 63%

Publication Type

Research Studies 108 72%

Agency Reports 13 9%

Opinion Articles 10 7%

Review Articles 8 5%

Situation Reports 5 3%

Letters 2 1%

Case Reports 2 1%

Meta-Analyses 2 1%

Data Source

Total Articles that Reported Data 123 82%

Primary Data Collection 76 62% a

Pre-Existing Database or Repository 40 33% a

Review or Meta-Analysis 4 3% a

Publication Content

Climate Change Referenced in
Abstract

12 8%

Excess Mortality Calculation 42 28%
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Table 2. Attributes of Articles Included in Analysis
aOut of articles reporting data.
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Figure 2. Duration of Data Collection Following Tropical
Cyclone Impact in Published Studies for which Information
was Available.
Note: Five publications with timeframes longer than two years
are not plotted.

Name Articlesa Mortality Region

Katrina 25 1,833 Americas

Sandy 14 145 Americas

Maria b 9 3,058 Americas

Rananim 7 188 Asia

Haiyan (Yolanda) 6 7,375 Asia

Ike 5 163 Americas

Andrew 4 48 Americas

Gustav 4 152 Americas

Harvey 3 88 Americas

Charley 2 15 Americas

Frances 2 49 Americas

Irma 2 105 Americas

Ivan 2 123 Americas

Ondoy (Ketsana) 2 716 Asia

Mitch 2 18,820 Americas

Nargis 2 138,375 Asia

Odisha Super Cyclone
(BOB06/O5B)

2 9,843 Asia

Rammasun 2 209 Asia

Rita 2 10 Americas

Saomai 2 441 Asia

Tropical Storm One (1B) -
Bay of Bengal

2 15,000 Asia

1991BangladeshCyclone
(Gorky/O2B)

2 138,866 Asia

Dresser © 2022 Prehospital and Disaster Medicine

Table 3.Tropical Cyclones Analyzed inMore thanOneArticle
and Associated Mortality,1985-2019
Abbreviation: EMDAT, Emergency Events Database.

a Articles with substantive focus on more than one storm are listed
with each storm.

bMortality based on EMDAT and revised official death toll from
Govt. of Puerto Rico.
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Rank Year Name Mortality Articles a

1 1991 1991 Bangladesh Cyclone (Gorky/O2B) 138,866 2

2 2008 Nargis 138,375 2

3 1998 Mitch 18,820 2

4 1985 Tropical Storm One (1B) - Bay of Bengal 15,000 2

5 1999 Odisha Super Cyclone (BOB06/O5B) 9,843 2

6 2013 Haiyan (Yolanda) 7,375 6

7 1991 Thelma (Uring) 5,956 0

8 2007 Sidr 4,234 0

9 1997 Linda 3,859 0

10 2017 Maria b 3,058 9

11 1998 03A 2,871 0

12 2004 Jeanne 2,782 0

13 2012 Bopha 1,901 0

14 2005 Katrina 1,833 25

15 2005 Stan 1,629 0

16 2005 Winnie 1,619 0

17 2006 Durian (Reming) 1,494 0

18 2011 Washi (Sendong) 1,439 0

19 2019 Idai 1,234 0

20 1994 Fred 1,177 0

21 1994 Gordon 1,130 0

22 1988 04B 1,074 0

23 1990 02B 957 0

24 2017 Ockhi 911 0

25 1987 Nina 882 0

26 1995 Angela 882 0

27 2008 Bilis 877 0

28 1985 Cecil 798 0

29 1989 Cecil 751 0

30 1996 O3 731 0

31 2009 Ondoy (Ketsana) 716 2

32 1996 07B 708 0

33 2009 Morakot (Kiko) 664 0

34 2008 Fengshen (Franck) 658 0

35 1993 0304-PAK (EMDAT Desig.) 609 0

36 2016 Matthew 595 1

37 1996 Frankie 585 0

38 1998 Georges 554 1

39 1989 Vera 550 0

40 2008 Hanna 537 0

41 1996 0086-BGC (EMDAT Desig.) 525 0

42 1997 0530-PER (EMDAT Desig.) 518 0

43 2009 Pepeng (Parma) 515 0

44 1990 Mike (Ruping) 503 0

45 1987 Thelma 483 0

46 1989 Gay 458 0

47 1999 02A 451 0

48 1995 Kent 445 0

49 2006 Saomai 441 3

50 1986 Wayne 435 0

Dresser © 2022 Prehospital and Disaster Medicine

Table 4. Mortality and Articles on Mortality in the 50 Deadliest Tropical Cyclones, 1985-2019
Abbreviation: EMDAT, Emergency Events Database.

a Articles with substantive focus on more than one storm are listed with each storm.
bMortality based on EMDAT and revised official death toll from Govt. of Puerto Rico.

412 Articles on Tropical Cyclone Mortality
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[English]); SINOMED (Sino Medical Sciences Technology Inc.;
Tianjin, China [Chinese]); and CNKI (Beijing, China [Chinese]).
Searches consisted of (mortality OR death) AND (hurricane OR
typhoon OR cyclone OR tropical storm OR natural disaster) in
English and (死亡) AND (飓风 OR 台风 OR 气旋 OR 热带

风暴 OR自然灾害) in Chinese. Results were indexed and dupli-
cates removed. Each article was reviewed by two separate native
speakers of the language of original publication. Articles were
included if they had a title and abstract available in English or
Chinese, were published in or after 1985, studied tropical cyclones,
hurricanes, or typhoons, and addressed humanmortality as a quan-
titative endpoint or thematic topic. Studies exclusively presenting
statistical techniques were excluded (Table 1).

Attributes were abstracted by two independent reviewers; fields
included publication type, data source, data collection duration,
name(s) of hurricanes studied, locations studied, mortality mea-
surement methodology, and whether the paper referenced climate
change in the abstract (a replicable proxy for whether climate
change featured prominently). Results were supplemented with a
global dataset of tropical cyclone disasters 1985-2019 from the
Emergency Events Database (EM-DAT; Centre for Research
on the Epidemiology of Disasters; Brussels, Belgium)5 and infor-
mation on cyclone impacts in US states from the National Oceanic
and Atmospheric Administration (NOAA; Washington, DC
USA).58 Analysis was produced using R v3.6.0 (R Foundation
for Statistical Computing; Vienna, Austria).59

Results
A total of 2,192 articles were identified in PubMed, EMBASE,
SINOMED, or CNKI via structured searches. After removal of
duplicates, Chinese translations of English articles, and articles
that did not meet inclusion criteria (Table 1), 150 articles were
retained for analysis (Figure 1).

Most articles were recent; 94 (63%) were published in 2010 or
later. Original research studies accounted for 108 (72%) with other
types accounting for less than 10% each (Table 2). Of 82 studies
that reported a data collection timeframe, 70 (85%) collected data
for six months or less after cyclone impact (Figure 2). Of the 12
studies (15%) that collected data for six months or more after storm
impact, nine studied Hurricane Katrina (2005) and only one stud-
ied a location outside the US.Of the 150 studies examined, 12 (8%)

referenced climate change in the abstract and 42 (28%) computed
excess mortality.

A total of 46 specific storms were analyzed individually. Some
were analyzed in multiple articles and some articles discussed
multiple storms; a total of 126 analyses of specific storms were
identified. Of these, the top nine storms accounted for 77 analyses

)61.1 %) and the top 20 storms accounted for 103 (81.7%; Table 3).
Twelve out of the 50 deadliest storms in EM-DAT (24%) were the
subject of any studies identified in this review (Table 4).5

The number of articles studying tropical cyclone mortality var-
ied by storm impact location and are presented with cyclone mor-
tality from EM-DAT (1985-2019) for context (Figure 3 and
Figure 4). The US reported 3,167 fatalities (0.76% of global mor-
tality) during this period5 but was the subject of 77 published
articles (51%), 74 (96%) in English and three (4%) in Chinese.
China reported 10,489 fatalities (2.51% of global mortality) and
was the subject of 27 articles (18%), five (19%) in English and
22 (81%) in Chinese.5 Asian nations other than China reported
366,482 fatalities (87.9% of global mortality) but were the focus
of 31 articles (21%), 25 (81%) in English and six (19%) in
Chinese.5 Central American and Caribbean nations were the sub-
ject of four articles (3%) in English, though they reported 30,706
fatalities (7.36% of global mortality); inclusion of Spanish literature
could alter this finding.5 No studies examined mortality in African
nations, although 4,490 fatalities (1.07% of global mortality) were
reported in this region during the study timeframe.5

Disaggregated mortality data were not available for individual
US states in a uniform format;47,60,61 tropical cyclone transits from
NOAA (1985-2019)58 were used to contextualize distribution of
the 73 articles on specific US states (Figure 5). Louisiana,
Texas, and Florida, sites of multiple recent disasters, experienced
109 cyclone transits (38.5% of the US total) and were the subject
of 46 articles (63% of the US total). New York, New Jersey, and
Pennsylvania experienced 13 (4.59%) cyclone transits and were
the subject of 17 articles (23%), principally regarding Hurricane
Sandy (2012). Other US states experienced 161 (56.9%) cyclone
transits and were the topic of 10 articles (14%).

Discussion
This review maps geography, methodology, and content for 150
scientific articles on mortality during and after tropical cyclones.

Dresser © 2022 Prehospital and Disaster Medicine

Figure 3. Tropical Cyclone Mortality and Article Volumes by Nation, 1985-2019.
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While some situations have been studied in detail, for example
mortality in Puerto Rico following Hurricane Maria6,7,44 and in
sub-populations following Hurricane Sandy,45,47,61–63 the distribu-
tion of existing research is not proportional to historical mortality
and key knowledge gaps remain.

Published articles largely focus on mortality in the US and
China, which together accounted for 68% of the articles identified
in this review, despite reporting less than 3.5% of recent tropical
cyclone mortality.5 In contrast, Southeast Asia, Africa, Central
America, and the Caribbean were comparatively under-repre-
sented in the literature despite high mortality. An analogous pat-
tern was noted within the US; a disproportionate number of articles
focused on states in the Northeast affected by Hurricane Sandy,
while several Southern states that routinely experienced more
storms were under-represented.58 Future research will be most

useful if conducted in settings that are highly impacted by tropical
cyclones and in which findings canmaximally contribute tomortal-
ity prevention.

The articles identified in this review also disproportionately
focus on a small number of tropical cyclones that may or may
not be representative of mortality dynamics elsewhere. Nine storms
accounted for 61% of analyses of specific storms identified in this
study; of the 50 deadliest tropical cyclones in EM-DAT from
1985-2019, less than one-quarter were the subject of an article
identified in this review. The concentration of articles on a limited
sample of individual storms raises questions about the representa-
tiveness and generalizability of current knowledge.

In addition, the long-term mortality effects of tropical cyclones
remain poorly understood. Only 12 studies evaluated effects more
than six months after cyclone impact, and only one of these studied

Dresser © 2022 Prehospital and Disaster Medicine

Figure 4. GlobalDistribution of (A)Mortality Attributed to Tropical Cyclones andGlobalDistribution of (B)Articles Analyzing
Tropical Cyclone Mortality, 1985-2019.
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a location outside the US. The mechanisms proposed to mediate
post-cyclone excess mortality largely involve pre-exiting medical
issues, disruptions of infrastructure, and disruptions of medical
care.6,44,64–66 It is thus plausible that the degree to which a tropical
cyclone affects long-term mortality is related to factors including
baseline levels of medical vulnerability, dependence on infrastruc-
ture, and infrastructure fragility in the affected area.6,47 As these
factors vary widely on both global and national scales, it is unknown
whether the long-term impacts identified in existing studies are
widely generalizable or describe exceptional circumstances.
Additional long-term studies are needed, particularly in settings
outside the US.

Finally, few studies explicitly evaluated the implications of climate
change.Most articles (92%) identified in this review did notmention
climate change or related terms in the abstract, which was used as a
replicable proxy for prominent consideration of this topic. Given the
implications of climate change for tropical cyclone hazards,27,35,67

consideration of this issue is important; long-termhazard projections
provide important context for the study ofmortality in tropical cyclo-
nes and should be considered in risk reduction strategies.

Future years will likely witness rising seas, intensifying tropical
cyclones, and worsening vulnerability in affected populations.
Research on tropical cyclone mortality should prioritize lower- and
middle-income settings with high historical mortality, examination

of long-term effects, and evaluation of the implications of climate
change. Prevention of future mortality will depend on the develop-
ment of evidence-based risk reduction programs and their continuous
monitoring for effectiveness during future storms. Policymakers
should prioritize increased accessibility of mortality records and sup-
port for researchers working in highly affected settings.

Limitations
This review evaluated articles published in English and Chinese;
additional articles may exist in other languages and could affect
results. Also, EM-DAT cyclone mortality data included a small
number of extra-tropical cyclonic storms.5

Conclusion
Scientific articles on tropical cyclone mortality disproportionately
focus on a limited number of storms. The US and China are
over-represented in the global literature relative to historical mor-
tality, while nations in Southeast Asia, Africa, and the Americas
outside the US are under-represented. Substantial knowledge gaps
persist; long-term mortality effects are unclear, particularly in low-
resource settings. Few publications prominently mention climate
change, despite its substantial implications. Research addressing
mortality related to tropical cyclones in low- and middle-income
settings and over extended timeframes should be prioritized.
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