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ABSTRACT

A World Meteorological Organization (WMO) Commission for Climatology international panel was

convened to examine and assess the available evidence associated with five weather-related mortality ex-

tremes: 1) lightning (indirect), 2) lightning (direct), 3) tropical cyclones, 4) tornadoes, and 5) hail. After

recommending for acceptance of only events after 1873 (the formation of the predecessor of the WMO), the

committee evaluated and accepted the following mortality extremes: 1) ‘‘highest mortality (indirect strike)

associated with lightning’’ as the 469 people killed in a lightning-caused oil tank fire in Dronka, Egypt, on

2 November 1994; 2) ‘‘highest mortality directly associated with a single lightning flash’’ as the lightning flash

that killed 21 people in a hut inManica Tribal Trust Lands, Zimbabwe (at time of incident, easternRhodesia),

on 23 December 1975; 3) ‘‘highest mortality associated with a tropical cyclone’’ as the Bangladesh (at time of

incident, East Pakistan) cyclone of 12–13 November 1970 with an estimated death toll of 300 000 people;

4) ‘‘highest mortality associated with a tornado’’ as the 26 April 1989 tornado that destroyed the Manikganj

district, Bangladesh, with an estimated death toll of 1300 individuals; and 5) ‘‘highest mortality associated

with a hailstorm’’ as the storm occurring near Moradabad, India, on 30 April 1888 that killed 246 people.

These mortality extremes serve to further atmospheric science by giving baseline mortality values for com-

parison to future weather-related catastrophes and also allow for adjudication of new meteorological in-

formation as it becomes available.
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1. Introduction

One aspect of the ongoing discussion and exploration

of climate change is the increased mortality threat of

climate change on the planet’s human population. As

world population continues to grow alongwith change in

global climate, a greater portion of humanity is threat-

ened by a multitude of climate and weather phenomena

(e.g., Strader and Ashley 2015; IPCC 2014; Melillo et al.

2014; Karl et al. 2008). However, vulnerability is a

function of both the risk of an event and the adaptation

or resilience to the event. For example, heat wave–

related mortality tends to decrease as air conditioning

becomes more widespread. Similarly, lightning casual-

ties decrease when munitions storage facilities install

lightning rods and athletic programs establish lightning

safety protocols (Walsh et al. 2013).

Overall mortality can also decrease as a result of con-

tinuous improvement in related forecasting and warning

infrastructure. For example, the MeteoAlarm system in

Europe (http://www.meteoalarm.eu/) is a web-based ser-

vice designed to provide real-time warning for people

traveling in Europe of severe weather. Yet even with

these improvements, mortality from weather-related

events will continue. To put potential future weather-

related catastrophes into accurate historical context, it is

useful to have knowledge of baseline changes in weather-

related mortality as monitored over the last 150 years of

official international weather records.

As part of the ongoing work of the World Meteoro-

logical Organization (WMO) in the detection and doc-

umentation of global weather extremes, the WMO’s

Commission for Climatology (CCl) has created an on-

line archive of officially recognized weather and climate

extremes (e.g., highest recorded global temperature)

maintained and evaluated by professional meteorolo-

gists and climatologists. A set of procedures has been

established such that existing records are verified and

made available to the general public and that records of

future weather extremes are systematically and objec-

tively verified and certified. The WMO Archive of

Weather and Climate Extremes is available online at

https://wmo.asu.edu/. Since its inception, a number of

evaluations of extremes have been undertaken (e.g., El

Fadli et al. 2013; Lang et al. 2017).

Recently, in response to a growing number of in-

quiries from media and other groups, the WMO Com-

mission for Climatology has decided to include extremes

associated with mortality due to specific weather and

climate events. However, we recognize that use of

mortality numbers alone to quantify a hazard/disaster is

often not a full-scale assessment of the impacts of a

hazard/disaster. As Jones (1993, p. 163) noted, death

tolls may be ‘‘the easiest loss-statistic to produce and the

most readily appreciated but are increasingly seen to

be a poor measure of hazard impact significance.’’ He

noted that reliability and magnitude of mortality statis-

tics can be influenced by 1) chance factors in de-

termining death tolls, 2) the low value attached to life in

certain areas, and 3) the ability of advanced societies to

safeguard lives over less advanced societies. Detailed

discussion on the reliability of disaster death tolls is

given in Paul (2011).

Nevertheless, detailed databases of hazard-related

mortality databases do exist [e.g., the Centre for Re-

search on the Epidemiology of Disasters (CRED);

http://emdat.be/). The problem of many such non-

meteorological sources is that classification of events is

not as segregated as many climate specialists would like.

For example, the CRED dataset categories meteoro-

logical disasters as ‘‘storms’’ without differentiation by

type of phenomenon (e.g., tornado, tropical cyclone,

hailstorm, etc.).

Consequently, an international panel including me-

teorologists, climatologists, a physician, and a weather

historian, among others, was convened to examine and

assess the available evidence for meteorological-derived

disasters. The five extremes that were examined are

1) deadliest lightning strike (indirect death), 2) deadliest

lightning strike (direct death), 3) deadliest tropical cy-

clone, 4) deadliest tornado, and 5) deadliest hailstorm.

These five disasters were selected because at this time

these four aspects of meteorology (lightning, tropical

cyclone, tornado, and hailstorm) currently exist in the

WMO Archive of Weather and Climate Extremes and

therefore provide an initial foundation for meteorolog-

ically related mortality extremes. In the future, it is

likely that mortality extremes of additional meteoro-

logical categories will be added to the archive.

Initial deliberations of the WMO evaluation com-

mittee addressed the need, as much as possible, for of-

ficial primary documentation of mortality associated

with these five extremes. However, this requirement

must be coupled with the understanding that in most

cases exact numbers are not available because of the

tumultuous circumstances and magnitude of the partic-

ular weather event producing the high death toll. This is

particularly true of older mortality events when exact

values are not available and multiple conflicting death

tolls are cited in the literature. Also, it should be noted

that the designations employed in this article do not

imply the expression of any opinion whatsoever on the

part of the WMO concerning the legal status or claims

of any country, territory, city or area, or its authorities,

or concerning the delimitations of its frontiers or

boundaries.
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2. Methods and procedures

Procedures for the evaluation of these mortality ex-

tremes followed established practices of past ad hoc

committees of the WMO World Archive of Weather

and Climate Extremes. Individual members received

and evaluated a comprehensive background report that

detailed information concerning each of the proposed

mortality extremes and the potential candidates of those

extremes. Following their personal evaluation, individ-

ual members discussed each of the extremes with the

committee as a whole through comments, particularly as

they related to the following questions and concerns:

1) Is there need for additional raw data or documentation

on this event to determine its validity or invalidity?

2) Are there any concerns as to measurement pro-

cedures, or other processes/procedures associated

with the measurement of the event?

3) Are there any concerns associated with the meteo-

rological or climatological nature of the extreme that

would raise questions regarding the validity of the

record?

4) Are there any other concerns associated with this

event that should be raised?

5) Fundamentally, does the documentation support or

refute this proposed world weather record?

Following initial discussions, the committee then

addressed any concerns that were raised in those discus-

sions and reached consensus recommendations as to the

validity of the each of the mortality extremes under in-

vestigation. Those consensus recommendations were

made to the chief Rapporteur of Weather and Climate

Extreme by the committee and a final judgment was

rendered by the Rapporteur on the inclusion or exclusion

of each mortality extreme into the WMO Archive of

Weather and Climate Extremes. In this investigation, a

majority of the effort involved primary literature and

document procurement and subsequent evaluation of

those documents associated with each extreme.

3. Length-of-record parameters

The WMO mortality extremes committee’s concerns

regarding the use of old and potentially incorrect or

incomplete data are particularly relevant in its initial

evaluation of the category of deadliest lightning strike

(indirect death). Examples of indirect deaths would be

situations where lightning ignites a supply of gunpowder

that subsequently explodes and kills large numbers

of people or lightning strikes an airplane leading to

equipment failure that causes an airplane to crash and

kill the crew and passengers.

Given the limited quantity of available information,

both regarding mortality and meteorology for early

historical incidents, the committee recommended to

accept weather and climate extremes for consideration

into the WMO Archive of Weather and Climate Ex-

tremes only for the period after 1873 (see the appendix

for information on pre-1873 events). The year 1873 was

selected as the cutoff year for accepting records into

WMO Archive of Weather and Climate Extremes as

that year saw the formation of the direct predecessor of

theWMO, the International Meteorological Organization

(IMO). The International Meteorological Organization

(IMO) was founded in 1873 to facilitate the exchange of

weather information across national borders.

By limiting consideration of WMO extremes to those

occurrences after the formation of the IMO (1873), both

the quantity—and importantly the quality—of the avail-

able meteorological data around the world dramatically

increased. The WMO evaluation committee unanimously

accepted this resolution and, consequently, rejected both

pre-1873 claimants to the extreme of deadliest lightning

strike (indirect strike) (see the appendix). That resolution

led to a continued investigation of indirect-caused light-

ning events of high mortality after 1873.

4. Deadliest lightning strike (indirect death)

The examination of high indirect-caused lightning

mortality revealed a number of potential candidates,

including the 24 December 1971 crash of LANSA Flight

508 en route from Lima, Peru, to Pucallpa, Peru, killing

91 people with only one survivor. A similar event

involving a flight from Puerto Rico to Maryland (Pan

Am Flight 214) on 8 December 1963 was struck by

lightning, killing all 81 onboard (NLSI 2017). However,

the most appropriate candidate for this category was the

tragedy near Dronka (alternatively Durunka), Egypt,

on 2 November 1994. During a set of very severe thun-

derstorms over the area that caused much damage and

flash flooding, a flash of lightning ignited three oil stor-

age tanks each holding about 5000 tons of aircraft or

diesel fuel. These tanks were located on a railway line

that subsequently collapsed as floodwaters built up be-

hind it. The fuel caught fire from the lightning strike and

the floodwaters swept the blazing fuel into the village,

killing a very large number of people.

The immediate news coverage after the Dronka event

contained a number of death tolls, ranging from 200 to

over 500. For example, Chris Hedges of the New York

Times (2 November 1994) reported that ‘‘[a]t least 200

people were killed today in southern Egypt when an

explosion and floods sent blazing fuel racing through the

streets of a small village.’’ Similarly, Bahaa Elkoussy of
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UPI (United Press International) reported on 2 Novem-

ber 1994 that ‘‘Egyptian security and press sources said

the latest tally of deaths caused by an oil depot fire and

torrential rains onWednesday reached 292 people in two

southern provinces, and many more were injured.’’

Immediately after the event, there was a wide range

in estimated deaths. Grazulis (1997, p. 1444) noted that

‘‘[o]nNovember 2, 1994, 430 peoplewere killed in southern

Egypt when lightning struck an army fuel depot. About

15,000 tons of blazing fuel, resembling napalm, flooded

the village of Durunka, a village of 10,000 people.’’

Conversely, Torres-Sanchez (2002) cited that 530 people

were killed in Dronka, Egypt, when lightning struck a

petroleum tank. A number of studies after the year 2000

cite a specific number, 469 dead, but give no reference

for that value (e.g., Ash 2006; Evans 2008; Fagel 2011).

A significant reason for the wide variation in death toll

numbers is the discrimination (or lack thereof) between

deaths associated with the oil tank fire and those asso-

ciated with flash flooding from the severe thunderstorms

that caused the lightning.

Fortunately, one of the WMO committee members

uncovered an official document from the Egyptian

Ministry of Health and Population dating to that time

period that reads in part (in Arabic translated to

English): ‘‘Health sector officials said that hospitals in

the region had received 469 bodies from the stricken

village of Dronka. Security sources said the floods caused

by the stormkilled [an additional] 63 people inAssiut and

neighboring provinces.’’

Consequently, the WMO evaluation committee rec-

ommended to accept the ‘‘highest mortality directly

associated with an indirect lightning flash’’ as the light-

ning flash that killed 469 people (as noted by the

Egyptian Ministry of Health and Population) in an oil

tank fire in Dronka, Egypt, on 2 November 1994.

5. Deadliest lightning mortality (direct strike)

The claimant for ‘‘highest mortality associated with a

direct strike from lightning’’ is the least officially docu-

mented incident of the five mortality investigations. In

contrast to indirect death, the committee understood

‘‘direct strike’’ to refer to death resulting directly from

the effects of the lightning itself. Consequently, the

above-mentioned 24 December 1971 crash of LANSA

Flight 508 en route from Lima, Peru, to Pucallpa, Peru,

killing 91 people with only one survivor, would therefore

not be considered for this category.

At the beginning of the investigation, the best claim-

ant that could be identified for highest direct mortality

from lightning was the lightning flash that killed 21

people in a hut in Manica Tribal Trust Lands in eastern

Rhodesia (now Zimbabwe) on 23 December 1975. With

regard to this event, the primary sources of information

consisted of 1) a news release from the Reuters News

Service for 24 December 1975 and 2) a listing in the

Guinness Book of World Records for 1977. With regard

to the first source, the Salt Lake City Tribune Newspa-

per for 25 December 1975 (p. 12A) states ‘‘Bolt of

Lightning Kills 21. Reuters New Agency. Salisbury,

Rhodesia—Lightning killed 21 people when it struck

a hut in which they were seeking shelter from rain,

Rhodesian police said here Wednesday. The dead in-

cluded 14 children. Three people survived the incident,

which occurred Tuesday in theManica Tribal Trust Lands

in eastern Rhodesia. The total number of people killed by

lightning in Rhodesia since Oct. 1 is now 53—one of the

worst periods on record.’’

Contact with the Thomson Reuters News Service

yielded the following response from David Cutler (As-

sistant Archivist, Thomson Reuters): ‘‘. . . I am sorry to

say that we do not have that story any more. We have

political stories from Zimbabwe from before then but

unfortunately not that story. However I have found some

later non-Reuters stories which confirm the event but

give a different date. In fact most mentions do give De-

cember 23’’ (D. Cutler 2016, personal communication).

Our contact at the Guinness Book of World Records

responded to our inquiry with the following information,

‘‘the earliest reference I could find of the death of 21

people by a single bolt on 23 Dec 1975—that’s the 24th/

1978 edition, printed and distributed in 1977 edition—

therefore, although my book archive search is very

manual, this was very likely the first time this record was

printed’’ (C. Valerio 2016, personal communication).

The record was reprinted in the 1978 edition with the

event being reported as having occurred in ‘‘Hut in

Chinamasa Kraal nr. Umtali, Rhodesia.’’ Subsequent

editions replaced Rhodesia with Zimbabwe, while the

1986 edition replaced ‘‘Kraal’’ with ‘‘Krael’’ and the

1988 edition saw ‘‘Umtali’’ replaced with ‘‘Matari.’’ He

noted that ‘‘[a]s regards the original sources of the re-

cord: unfortunately we do not keep a paper archive of

evidence from so far back, and not all evidence has been

scanned.’’

Although this evidence is far from ideal, the consensus

of the committee was that this record would be accepted

until and if more information is obtained (e.g., one of the

committee members believes that he saw an African

newspaper report indicating 25 people died from the

event but at this time cannot locate the specific news-

paper) or another event with a greater death toll is

uncovered.

The question can be raised as to whether all of the

deaths can directly be linked to the lightning strike or
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died from secondary causes. In developing countries,

there are many reports of 10 or more deaths per in-

cident, sometimes with reporter statements of ‘‘charred

bodies’’ or people ‘‘burned beyond recognition.’’ Re-

porters in developing countries seldom have firsthand

information or the opportunity to interview witnesses in

many cases, so that it has previously been unclear

whether these phrases reflect fact or only what the re-

porter expected to be the outcome of lightning strike.

While ground current, side-flash, or other combinations

of mechanisms could cause multiple victims among

larger groups of people, the prominent mention of a

‘‘hut’’ in the Zimbabwe report provided the committee

with a vital clue.

Nearly 90% of sub-Saharan buildings, especially

homes, are not lightning safe, leaving entire families,

classrooms, and workers constantly vulnerable. In par-

ticular, schools and homes tend to be mud-brick with

thatch or sheet metal roofs held down by rocks. Light-

ning often causes keraunoparalysis, paralysis that may

take minutes to hours to resolve, sometimes with per-

manent pain or weakness in the areas affected (Cooper

1980). Themention of a hut opens the possibility that the

victims were inside the hut at the time of their injury.

Keraunoparalysis can result in otherwise healthy people

being unable to evacuate or escape while the thatch,

often generations old and tinder dry, burns and falls on

them, causing charred bodies. There are several news-

paper reports, including in Africa and the Caribbean, of

pictures of fire-destroyed buildings that support this as a

cause of multiple deaths in developing countries.

Consequently, it was the recommendation of the

WMO evaluation committee to accept the ‘‘highest

mortality directly associated with a single lightning

flash’’ as the lightning flash that killed 21 people in a hut

in Manica Tribal Trust Lands in eastern Rhodesia (now

Zimbabwe) on 23 December 1975.

6. Deadliest tropical cyclone

The claimant for ‘‘highest mortality associated with a

tropical cyclone’’ is the Bangladesh (at time of incident,

East Pakistan) cyclone of 12–13 November 1970. This

notorious tropical cyclone is sometimes referred to as

the ‘‘Great Bhola Cyclone’’ with an estimated 300 000

(low end) to 500 000 (high end) storm-related fatalities

(mostly the result of a large storm surge overwhelming

the islands and tidal flats along the shores of the Bay of

Bengal). Frank andHusain (1971) note that the origin of

the Great Bhola Cyclone can be traced back to the

remnant of a tropical storm that moved westward across

the Malayan Peninsula on 5 November. This system

spawned a depression over the south central Bay of

Bengal on 8 November 1970. That depression

strengthened and likely attained storm intensity on

9 November, while continuing to drift very slowly

northward. An estimated maximum wind of 100kt

(51.4m s21) in the November 1970 cyclone corre-

sponded to a central pressure between 950 and 960 hPa.

Two major concerns were raised by the committee in

the investigation of this proposed extreme. First, do the

official records match the high range in death tolls

(300 000 to 500 000) for this incident? Second, are there

other tropical cyclones that could potentially have had a

higher death toll?

As with any disaster of this magnitude, exaggerated

death tolls are frequently common and official values

difficult to obtain (Paul 2011). For example, online

sources and published sources often differ significantly

in numbers associated with specific disasters (e.g., Terry

et al. 2012). One of the first professional articles ad-

dressing the death toll of this 1970 tropical cyclone was

by Frank andHusain (1971, p. 438) They explicitly state,

‘‘On 12 November 1970, a severe tropical cyclone of

moderate strength riding the crest of high tide lashed

East Pakistan with a 20-ft storm surge and killed ap-

proximately 300,000 people. The official figures show

200,000 confirmed burials and another 50,000 to 100,000

missing.’’ Similarly, Sommer and Mosley (1972, p. 1029)

state based on the two site surveys that the mean mor-

tality was ‘‘16.5%, representing a minimum of 224,000

deaths.’’

A recent official WMO source (WMO 2012) also

cites that mortality value of 300 000 as an official death

toll. During the course of the investigation, members of

the WMO evaluation committee have also uncovered

many recent professional documents citing the 300 000

mortality values. For example, Ali (1979), Murty

(1984), Murty et al. (1986), Dube et al. (2008), and Nott

et al. (2014) consistently cite a mortality value of

300 000.

However, less regulated sites such as Wikipedia con-

sistently state 500 000 people dead. Unfortunately, these

sites claiming a 500 000 death toll list as source web links

that are dead or inactive or, as one committee member

noted, ‘‘part of the ‘grey’ literature.’’ Consequently,

given the consistency in the reviewed professional lit-

erature (particularly articles dating to times just after

the catastrophe), the committee recommended accep-

tance of the estimated 300 000 value as best available

estimate of the Great Bhola Cyclone mortality.

However, the question remains as to whether other

cyclones might have produced equal or larger death

tolls. For example, in their review of the Great Bhola

Cyclone, Frank and Husain (1971) directly state in the

text that the ‘‘Bakerganj’’ cyclone in 1876 killed
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between 100 000 and 400 000 people. However, as one

committee member noted, they listed only the lower

estimate in their own table (Table 1 of Frank andHusain

1971) by declaring a value of only 100 000 dead for the

Bakerganj cyclone. Other claimants such as the poten-

tial 300 000 deaths in the typhoon of 1923 for Japan have

difficulties in that many of those deaths were likely

caused by the Great Kanto (Tokyo) Earthquake, which

occurred almost at the same time when the typhoon

hit Japan.

Similarly, although online sources cite the death toll

due to the Haiphong Typhoon in Vietnam in 1881 as up

to 300 000, a recent study by Terry et al. (2012) reported

that this horrendous figure does not match with the

population in Haiphong at the time and probably con-

tains an error that mixes up the number of death and the

cost of damages. Another contender that is also com-

monly mentioned in online sources is the Super Ty-

phoon Nina in China in 1975. The torrential rain of the

storm caused the collapse of the Banqiao Dam, resulting

in severe flooding in Henan province, China. While

some online sources suggest the death toll of the event

may have reached up to 230 000, more professional

sources state that the flooding killed 26 000 people and

another 100 000 died of subsequent disease and famine

(Yang et al. 2017).

Even fairly recent tropical cyclone mortality values

are quite variable. Committee members identified

mortality values for CycloneNargis in 2008 varying from

‘‘more than 100,000’’ (Webster 2008) to 146 000 people

with a commonly quoted range of 130 000 to 140 000.

However, the death toll of Cyclone Nargis is unlikely to

affect the consensus on the Great Bhola Cyclone event

with an estimated death toll of 300 000 people.

Finally, there were some discussions among commit-

tee members regarding the uncertainty in the primary

cause and mortality figure of the Great Bengal Cyclone

of 1737 (e.g., Bilham 1984; Chakrabarti 2013). While

some sources list that cyclone as having a death toll

comparable to the Great Bhola Cyclone of 1970, com-

mittee members with particular expertise in tropical

cyclones noted that death counts from large killer cy-

clones in historical times, particularly before modern

records, are highly uncertain. This corresponds to the

recommendation that only values after 1873 be accepted

into the WMO Archive of Weather and Climate

Extremes.

Consequently, it was the unanimous recommendation

of the WMO evaluation committee to accept the

‘‘highest mortality associated with a tropical cyclone’’ as

the Bangladesh (at time of incident, East Pakistan)

Cyclone of 12–13 November 1970 with an estimated

death toll of 300 000 people.

7. Deadliest tornado

The claimant for ‘‘highest mortality associated with a

tornado’’ is the tornado that destroyed the Manikganj

district, Bangladesh [23850 0N, 90850E, elevation: 9m

(30 ft)]. This tornado occurred on 26April 1989 leaving the

towns of Saturia and Manikgank Sadar completely de-

stroyed and about 80000 peopleweremadehomeless. This

violent storm injured over 12000 and purportedly killed a

large number of people. The storm struck at around 18:30

local time (1230 UTC). The tornado cut a long track, up

to a mile wide, about 50 miles northwest and north of

Dhaka. The towns of Salturia andManikganj were leveled

and about 80000 people were made homeless.

In an evaluation of the event, Hossain and Karmakar

(1989, p. 110) noted that ‘‘the type of damage, the length

and breadth of the path of its travel indicated that the

intensity of the tornado was of the order of F3.5 in the

Fujita scale and the corresponding wind was calculated

around 338–418km/hr.’’ A total area of about 150 km2

was impacted by the tornado. Details of the synoptic

situation are given in Harman (1971).

Accurate death tolls were difficult to obtain but

committee members (some with direct access to data for

Bangladesh) located several newspapers citing growing

death tolls. For example, the New York Times for

28 April 1989 stated (citing the Associated Press) that

‘‘A tornado in central Bangladesh killed 600 people,

injured 12,000 and devastated more than 20 villages, the

Government said today. At least 200 people were re-

ported missing. The tornado Wednesday night blew

away people, houses and animals as it whirled through

the Manikganj area, 25 miles northwest of Dhaka, the

capital.’’ Other newspapers also report on 27 and

28 April 1989 (Associated Press, The Herald, and a local

Bangladesh newspaper) about 500–600 confirmed fa-

talities (or number of recovered bodies) with at least 200

missing. Later newspaper reports on 30 April and 2 May

1989 (a Bangladesh newspaper and the Chicago Tribune)

estimated an unofficial death toll reaching at least 1000.

However, as a committee member noted, the signifi-

cance of ‘‘only’’ a death toll of 500–600 is that the death

toll associated with the infamous 1925 ‘‘Tri-State tor-

nado’’ (traveling from Ellington, Missouri, to Princeton,

Indiana) in the United States (Johns et al. 2013) was 695

people, ‘‘so to accept the Bangladesh event as a world

record wewould need to be confident that the number of

deaths was greater than that.’’

Consequently, the committee scoured the available

literature to ascertain the source of the commonly

quoted death toll of 1300. The most prominent second-

ary professional source for the Saturia Tornado’s

1300-person mortality value is given by noted tornado
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historian Thomas P. Grazulis (Grazulis 1993, 2001). The

committee directly contacted Grazulis and he stated

that he believed that he had obtained that value from

articles in the London Times.

Upon exploration of that newspaper’s archives, com-

mittee members located a number of articles relating to

the Saturia tornado. Specifically, a set of articles starting

on 28 April 1989 and continuing to 2 May 1989 were all

apparently written by the Times correspondent in Ban-

gladesh, Ahmed Fazl. Of particular note, on 2May 1989,

Fazl wrote in a short Times article: ‘‘Storm hits survi-

vors. Dhaka—Thousands of survivors in the devastated

town of Shaturia [Saturia] in central Bangladesh passed

their fifth night in the open as a fresh storm swept away

the few structures left standing after last week’s tornado

(Ahmed Fazl writes). Yesterday a convoy of army

lorries arrived in the town with supplies to stave off

starvation and epidemics. About 1,300 people are

thought to have died in the tornado. Some 80,000 people

have been living in the open.’’ As far as can be estab-

lished, that value cited by Fazl is the best available

mortality tally for this event.

Consequently, it was the unanimous recommendation

of the WMO evaluation committee to accept the

‘‘highest mortality associated with a tornado’’ as the

26 April 1989 tornado that destroyed the Manikganj

district, Bangladesh [238500N, 90850E, elevation: 9m

(30 ft)] with an estimated death toll of 1300 individuals.

8. Deadliest hailstorm

The primary claimant for ‘‘highest mortality associ-

ated with a hailstorm’’ is the storm occurring near

Moradabad, India, on 30 April 1888. This hail event is

said to have killed as many as 246 people with hailstones

as large as ‘‘goose eggs and oranges’’ and cricket balls. A

secondary event (discovered by one of the committee) in

Nanking, China, in 1932 reported that 200 people were

killed and thousands injured by a hailstorm that struck in

Honan Province (NCAR 1970; Pickard 1932). But the

NCAR (1970, p. 4) information release that men-

tioned the 1932 Chinese hailstorm also cites the 1888

Moradabad, India, hailstorm as having ‘‘the greatest

recorded loss of life’’ with a death toll of 246.

Early sources to the event confirm a high fatality value

for the event in Moradabad, India. The London Times

(10May 1888) reported that ‘‘India has been visited by a

series of phenomenal storms, partaking verymuch of the

character of the Dacca tornado. At Moradabad 150

deaths are reported, caused chiefly by hailstones . . . In

Lower Bengal, at Rayebati, 2000 huts were destroyed,

while 20 persons were reported to have been killed and

200 severely injured.’’ The journal Nature reported on

the same day (10 May 1888) citing the same information

as given in the London Times.

However, one of earliest and most complete refer-

ences to this event was given in A. W. Greely’s 1888

book American Weather. At the time, Greely was the

general in charge of the U.S. Signal Corps, one of the

predecessors of the U.S. Weather Bureau, later to be-

come the U.S. Weather Service. Greely gives verbatim

the account by J. S. MacIntosh, C.S., which he said was

‘‘furnished [to] the author through the courtesy of John

Eliot, Esq., Meteorological Reporter to the Govern-

ment of India.’’ Committee members confirm that Sir

John Eliot later became the first Director General of

Meteorology, India Meteorological Department.

Eliot (through Macintosh) (in Greely 1888) gives the

following account: ‘‘A terrific storm of hail followed,

breaking all the windows and glass doors. The verandas

were blown away by the wind. A great portion of the

roof fell in, and the massive pucca portico was blown

down. The walls shook. It was nearly dark outside, and

hail-stones of an enormous size were dashed down

with a force which I have never seen anything to equal.

As soon as the storm abated I went out . . . There was

also long ridges of hail on the higher ground (of the race-

course) one or two feet or more in depth . . . There is

not a single house in the civil station which did not

sustain the most serious injury . . . the really destructive

hail seems to have been confined to a very small area,

about six or seven miles around Moradabad.

‘‘Two hundred and thirty deaths in all have been re-

ported up to the present time. The total number may be

safely put as under two hundred and fifty. The majority

of the deaths were caused by the hail. Men caught in the

open and without shelter were simply pounded to death

by the hail. Fourteen bodies were found in the race-

course . . .Most of the deaths were on the bare and level

plains round the station, where people were caught un-

awares. More than one marriage party were caught by

the storm near the banks of the river, and were annihi-

lated. No Europeans were killed. The police report that

1600 head of cattle, sheep, and goats were killed.’’

One of our committee members has also uncovered

Sir John Eliot’s official daily weather observations for

this time. During the period of this severe hailstorm

(30 April to 1 May 1888), Sir John Eliot was working

in the office of Meteorological Reporter Mr. H. F.

Blanford. After the establishment of India Meteorologi-

cal Department in 1875, Blanford had been appointed

Meteorological Reporter to the Government of India

(15 January 1875 to 8 May 1889). In May 1889, Sir

John Eliot was appointed the first Director General of

Observatories, India Meteorological Department at

Calcutta headquarters and he continued to serve in that
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position until 31 December 1903 (http://www.imd.gov.

in/pages/about_ex_dgms.php).

Although Eliot’s daily documents do not specifically

mention a death toll, they do note that ‘‘the [weather]

conditions are very abnormal today, and weather is

generally disturbed over the whole of Northern and

Central India’’ (Eliot 1888). Modern professional ac-

counts appear to employ or confirm the value cited in

the Greely book based on Eliot’s comments. Noted hail

expert Snowden Flora in his well-recognized book

Hailstorms of the United States stated that in the 30April

1888 hailstorm, 230 people were killed at Moradabad

and 16 others died at Bareilly to give a combined death

toll of 246 people. This figure has been also cited by

other meteorologists including C. F. Talman in his 1931

book The Realm of the Air (Talman 1931) and noted

weather historian Patrick Hughes in the magazine

Weatherwise (Hughes and Wood 1993).

This event falls within the time range recommended

for adjuration of extremes for the WMO Archive of

Weather and Climate Extremes (i.e., 1873 to the pres-

ent). Consequently, it was the unanimous recommen-

dation of the WMO evaluation committee to accept the

‘‘highest mortality associated with a hailstorm’’ as the

storm occurring near Moradabad, India, on 30 April

1888 that killed 246 people with hailstones as large as

‘‘goose eggs and oranges’’ and cricket balls.

9. Conclusions

A WMO Commission for Climatology international

panel of meteorologists, climatologists, a physician, a

historian, and others associated with weather-related

mortality was convened to examine and assess the

available evidence associated with the following five

mortality extremes selected for inclusion: 1) lightning

(indirect), 2) lightning (direct), 3) tropical cyclones,

4) tornadoes, and 5) hail.

Because of the conflicting evidence associated with

early meteorological data prior to the 1873 formation

date of the predecessor of the World Meteorological

Organization and the associated formalization of in-

ternational sharing of meteorological information, the

Committee agreed to only evaluate events occurring

after 1873. The impacts of this decision are twofold: first,

the evidence is more consistent so it is easier to reliably

differentiate mortality between different events, and,

second, it means that some earlier events might well

have had greater mortality than the official record even

if we cannot reliably determine which event was indeed

the deadliest. After an in-depth analysis of available

evidence, the committee recommended to accept five

mortality records (Fig. 1):

1) Highest mortality (indirect strike) associated with

lightning: 469 people killed (as noted by the Egyptian

Ministry of Health and Population) in a lightning-

caused oil tank fire inDronka, Egypt, on 2November

1994 (Fig. 1a).

2) Highest mortality directly associated with a single

lightning flash: the lightning flash that killed 21

people in a hut in Manica Tribal Trust Lands in

eastern Rhodesia (now Zimbabwe) on 23 December

1975 (Fig. 1b).

3) Highest mortality associated with a tropical cyclone:

the Bangladesh (at time of incident, East Pakistan)

Cyclone of 12–13 November 1970 with an estimated

death toll of 300,000 people (Fig. 1c).

4) Highest mortality associated with a tornado: the

26 April 1989 tornado that destroyed the Manikganj

district, Bangladesh, with an estimated death toll of

1300 individuals (Fig. 1d).

5) Highest mortality associated with a hailstorm: the

storm occurring near Moradabad, India, on 30 April

1888 which killed 246 people (Fig 1e).

A critical point is that the potential always exists for

reassessments to be undertaken should new evidence

emerge about any of the events documented above, or of

other post-1873 events currently unknown to the com-

mittee. The latter is potentially most likely for the

lightning (direct) category, as the relativelymodest scale

of the events under consideration in that categorymakes

it possible that events of similar or greater scale have

occurred which have not been reported outside local or

national channels, especially in regions with limited

communications and in the earlier part of the post-1873

period, and are consequently currently unknown outside

their region of occurrence.

A key consideration is that these extremes, now listed in

the WMO Archive of Weather and Climate Extremes

(https://wmo.asu.edu/) are accepted and listed until evi-

dence is presented to either refute an existing record or

substantiate a new mortality record. These mortality ex-

tremes serve to further atmospheric science by giving

baseline mortality values for contrast and comparison to

future weather-related catastrophes and also allow for dis-

covery and adjudication of newmeteorological information

as it becomes available. Consequently, in order to put po-

tential future catastrophes into accurate historical context, it

is useful to have knowledge of baseline changes in both

weather and weather-related mortality as monitored over

the last 150 years of official international weather records.
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APPENDIX

Pre-1873 Events

During the course of the evaluation, two possible

(pre-1873) candidates for the indirect lightning death

extreme were initially uncovered and evaluated. First, a

lightning event that occurred at Brescia, Italy, on

18 August 1769 was identified and evidence evaluated.

Lightning struck the 80-ft. stone tower (St. Nazaire)

built into the medieval defensive walls around the town

of Brescia, killing an estimated 3000 people. One of the

earliest professional discussions of this event was made

by the noted lightning expert W. Snow Harris in 1820

when he wrote: ‘‘In August, 1769, lightning struck the

tower of the church of St. Nazaire in Brescia, Italy, and

the current passed through vaults where 207,000 pounds

of gunpowder had been stored for safe-keeping; the

resulting explosion killed about 3000 people and de-

stroyed one-sixth of the city’’ (Harris 1843, p. 163).

A fewyears later in 1839, the illustriousmeteorologistD.

F. J. Arago addressed the event when he wrote: ‘‘In

speaking of [lightning] damage, I should not forget that

which lightning sometimes occasions when it strikes pow-

dermagazines.On themorning of the 18th ofAugust 1769,

lightning fell upon the tower of St. Nazaire at Brescia. This

tower stood upon a subterranean magazine, which con-

tained 2,076,000 pounds of powder belonging to the Re-

public of Venice. This immense mass of powder ignited

in a moment. The sixth part of the edifices in the great and

beautiful town of Brescia were overturned, and the rest

were much shaken and threatened with destruction. Three

thousand persons perished.’’ (Arago 1839, p. 120).

The order of magnitude difference in the amount of

gunpowder stored in these different accounts highlights

the problem of assessing historical events. Following

those citations, other meteorologists also cited the

Brescia event, including Towbridge (1875), Molloy

(1882, 1890), and Tomlinson (1889). All mentioned

deaths in the thousands with most citing the 3000 figure

given by Harris and Arago.

However, the committee also uncovered mention of

another lightning-induced gunpowder explosion that

occurred in Rhodes (in present-day Greece), 6 Novem-

ber (although some sources indicate October) 1856. In

FIG. 1. (a) Highestmortality (indirect strike) associatedwith lightning (since 1873): 469 people killed (as noted by the EgyptianMinistry

of Health and Population) in a lightning-caused oil tank fire in Dronka, Egypt, on 2 Nov 1994. (b) Highest mortality directly associated

with a single lightning flash (since 1873): the lightning flash that killed 21 people in a hut inManica Tribal Trust Lands in eastern Rhodesia

(nowZimbabwe) on 23Dec 1975. (c)Highestmortality associatedwith a tropical cyclone (since 1873): theBangladesh (at time of incident,

East Pakistan) cyclone of 12–13 Nov 1970 with an estimated death toll of 300,000 people. (d) Highest mortality associated with a tornado

(since 1873): the 26 Apr 1989 tornado that destroyed theManikganj district, Bangladesh, with an estimated death toll of 1300 individuals.

(e) Highest mortality associated with a hailstorm (since 1873): the storm occurring near Moradabad, India, on 30 Apr 1888, which killed

246 people, most of whom were ‘‘simply pounded to death by the hail’’ (Greely 1888, p. 236).
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this event, lightning sparked an explosion of a gun-

powder depository in the Church of St. John (Jean) on

the island of Rhodes with a purported death toll of 4000.

However, this event is listed as having multiple dates

and a wide range of casualties. The value of 4000 dead is

only seen in documents dated after 1905.

In particular, the great nineteenth century meteorologist

Camille Flammarion wrote: ‘‘At four o’clock in the after-

noon of October 6, 1856 lightning penetrated the vaults of

the church of St. Jean, at Rhodes, setting fire to an enor-

mous quantity of powder. Four or five thousand people lost

their lives in the catastrophe’’ (Flammarion 1905, 224–225).

A diligent search of the literature by committee

members found a wide range of cited mortality numbers

associated with the Rhodes event. One of the earliest

mentions of the catastrophe is found in the Illustrated

London News (3 January 1857, Vol. 29) where it is

stated: ‘‘On the 2nd of November there was a tremen-

dous earthquake in Rhodes, which partially destroyed

the town; and, on the 6th, 32,000 pounds of powder,

which had been placed, by order of the Turkish Gov-

ernment, in the Church of St. John (that edifice being

built of stone and therefore not being liable to take fire),

was ignited by a thunderbolt or the lightning during a

storm, and blew up, destroying with it the palace of the

Grand Master and two hundred houses built of stone,

the fragments of which descended on the other parts of

the town, and more or less destroyed it; hardly anything

remaining of it except some few houses, some cottages,

and the fortifications seaward.’’

Similarly, in the Nautical Magazine (‘‘On Ships and

Buildings,’’ 1857, p. 580), it is written that ‘‘if we look to

the last year [1856], here again we find awful examples of

destructive action of lightning. Again another magazine

struck and blown up at Rhodes in November and a por-

tion of the town laid in ruins, with frightful loss of life.’’ In

1860, Charles Tomlinson wrote: ‘‘In 1856, November 6th,

lightning fell upon the church of St. John, in the island of

Rhodes, the ancient cathedral of the knights of Rhodes. A

large collection of gunpowder had been deposited in the

vaults of the church: this was ignited; the building was

reduced to amass of ruins, a large portion of the townwas

destroyed, and a considerable number of the inhabitants

were killed’’ (Tomlinson 1860, p. 159).

The first numerical death tolls for this event appar-

ently were given in a publication by Cornelius Walford

in his article ‘‘The Increasing Number of Deaths from

Explosions, with an Examination of the Causes,’’ in the

Journal of the Society of Arts in 1881 (Walford 1881).

Specifically, under the section on ‘‘Gunpowder,’’ the

Table of ‘‘Explosions of Gunpowder from Earliest Re-

cords down to Present Time in Various Parts of the

World; Cause being stated where practicable,’’ the

Rhodes lightning event is listed twice (6November 1855,

300 dead and 6 November 1856, no death toll given). In

his book The Aerial World, noted American meteorol-

ogist George Hartwig lists a date of 6 November 1856

and states ‘‘more than 200 corpses were found in the

ruins’’ (Hartwig 1887, p. 556) while Gerald Molloy in

1890 states that the destruction of Church of St. John on

Rhodes killed a ‘‘considerable number’’ of people. Of

available professional literature from the late nine-

teenth and early twentieth century, only Flammarion

(1905) gives a mortality of ‘‘four to five thousand.’’

The weight of the available evidence suggests a re-

alistic mortality of 3000 people for the Brescia event but

the conflicting values of the Rhodes incident put the

question of ‘‘deadliest’’ into question. In the opinion of

several committee members, the mortality values given

by an illustrious early meteorologist such as Camille

Flammarion should not be disregarded while others

noted the large time difference between the incident

(1856) and Flammarion’s cited values (1905). Conse-

quently, it was recommended that only events after

1873, the formation of the predecessor of the World

Meteorological Society, be accepted in the WMO Ar-

chive of Weather and Climate Extremes.
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