NOAA Technical Memorandum NWS NHC-47

THE DEADLIEST ATLANTIC TROPICAL CYCLONES, 1492-1994

Prepared by:

Edward N. Rappaport, NHC Miami
José Ferndndez-Partagds

National Hurricane Center
Coral Gables, Florida

January 1995
UNITED STATES National Oceanic and Atmospheric Administration National Weather Service
DEPARTMENT OF COMMERCE Diana H. Josephson Elbert W. Friday
Ronald H. Brown, Secretary Deputy Under Secretary Assistant Administrator

5992



1. INTRODUCTION

The legacies of Atlantic tropical cyclones span many cultures
and thousands of years. Early evidence of these storms predates
extant weather records. Geologists believe that layers of sediment
at the bottom of a lake in Alabama were brought there from the
nearpy Gulf of Mexico by storm surges associated with intense
hurrlcanes_that occurred as much as 3,000 years ago (Liu and Fearn
}99?). Similarly, sediment cores from the Florida west coast
indicate exceptional freshwater floods during strong hurricanes
more than a thousand years ago (Davis et al. 1989).

Perhaps the first human record of Atlantic tropical cyclones
appears in Mayan hieroglyphics (Konrad 1985). By customarily
building their major settlements away from the hurricane-prone
coastline, the Mayans practiced a method of disaster mitigation
(Konrad 1985) that, if rigorously applied today, would reduce the
potential for devastation along coastal areas (e.g., Pilkey et al.
1984; Sheets 1990).

Many storms left important marks on regional history. In
1609, a fleet of ships carrying settlers from England to Virginia
was struck by a hurricane. Some of the ships were damaged and part
of the fleet grounded at Bermuda (The Encyclopedia Americana 1994) .
The passengers became Bermuda’s first inhabitants and their stories
helped inspire Shakespeare’s writing of The Tempest (Carpenter and
Carpenter 1993).

In several incidents, tropical cyclones destroyed otherwise
invincible colonial armadas (Millas 1968; Hughes 1987). The French
lost their bid to control the Atlantic coast of North America when
a 1565 hurricane dispersed their fleet, allowing the Spanish to
capture France’s Fort Caroline near present-day Jacksonville,
Florida. 1In 1640, a hurricane partially destroyed a large Dutch
fleet apparently poised to attack Havana. Another naval disaster
occurred in 1666 to Lord Willoughby (the British Governor of
Barbados) and his fleet of seventeen ships and nearly 2,000 troops.
The fleet was caught in a hurricane near the Lesser Antilles. Only
a few vessels were ever heard from again and the French captured
some of the survivors. According to Sugg (1968), the 1640 and 1666
events secured, more or less, control of Cuba by the Spaniards and
Guadeloupe by the French. More than two centuries later,
commenting on the Spanish-American War, President McKinley declared
that he feared a hurricane more than the Spanish Navy (Dunn 1971).
McKinley’s concern translated to a revamped United States hurricane
warning service, forerunner of today’s National Hurricane Center
(NHC) .

Some historical events left scars. In 1495, the small town of
Isabella, founded on Hispaniola by Columbus, became the first
European settlement destroyed by a hurricane (Ca;pgnter and
Carpenter 1993). Other communities would suffer a similar fate.
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There %s even conjecture that a hurricane was responsible for the
mysterious disappearance of the original Roanoke Island settlement

Fi.e., the "Lost Colony") in 1588 (Hunter 1982). More certainly,
in 1886, the town of Indianola, Texas was destroyed by a hurricane.
It was never rebuilt. The 1900 "Galveston" hurricane severely

damaggd muqh of that city and, with it, Galveston’s preeminence as
the financial capital of that part of the country (e.g., Hughes
1990) .

Surviving quantitative documentation about specific storms
generally begins late in the 15th century during the period of New
World exploration. A succession of chronologies brings the record
forward to modern times (e.g., Poey 1862; Tannehill 1940; Ludlum
1963; Millas 1968).

Hebert et al. (1993) frequently wupdate their popular
statistical summary about hurricanes that affected the United
States this century. Their study, which includes a tabulation of
the largest United States losses of life caused by those storms,
has no counterpart for earlier tropical cyclones or for casualties
incurred elsewhere. 1In this presentation we extend their work,
providing a catalog of Atlantic tropical cyclones!' associated with
loss of life during the period 1492-1994.

To document casualties and attendant circumstances we relied
on books and articles about the weather, newspaper reports about
storms, and accounts of shipwrecks. Some of these sources
consulted hundreds or thousands of original documents. They
provided an extensive, though admittedly not exhaustive, data base.
Indeed, if current Atlantic tropical cyclone activity is
representative of the past five centuries, then a staggering number
of those systems (upwards of 5000!) developed during that period.
Some storms were harmless. Others likely caused loss of life that
was never documented, or was recorded in documents subsequently
lost to deterioration with age, war, or fire (e.g., Marx 1983). It
is hoped that still other cases not identified here will be
uncovered in future investigations.

The catalog comprises two lists. The first list (Appendix 1),
like Hebert et al. (1993), provides information about tropical
cyclones responsible for at least 25 deaths. The second 1list
(Appendix 2) identifies storms associated with loss of life that,
while not quantified, may have reached at least 25, according to
records about those events.

1 In this context, "Atlantic" will refer to the North Atlantic
Ocean, Caribbean Sea, and the Gulf of Mexico.
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2. TROPICAL CYCLONE TERMINOLOGY

The United States National Weather Service technical
definition of a tropical cyclone (National Weather Service
Operations Manual C-41 1993) is: "A nonfrontal, warm-core, low
pressure system of synoptic scale, developing over tropical or
subtropical waters and having a definite organized circulation."
In practice, that circulation refers to a closed, counterclockwise
(in the northern hemisphere) airflow at the earth’s surface.

Meteorologists generally recognize three classes of tropical
cyclones stratified by their highest one-minute average surface
wind speed. Tropical Depressions have maximum wind speed less than
39 mph (and, in practice, generally greater than 20-25 mph).
Maximum wind speed from 39 to 73 mph characterizes Tropical Storms.
Hurricanes have wind speeds of at least 74 mph. Of the defining
criteria, the closed nature of the circulation in weak systems, the
thermodynamic structure, and the precise intensity cannot always be
determined objectively. For this compilation, the publication
Tropical Cyclones of the North Atlantic Ocean (Neumann et al. 1993)
and the associated NHC "Best Track" data set? served as the final
authorities for Atlantic tropical cyclone histories back to 1871.

These definitionsg are more quantitative than the terminologies

of the past. Many early reports, especially from non-
meteorological sources, referred to "hurricanes" without providing
elaboration. Sometimes, hurricane meant any storm of apparently

exceptional ferocity (such as a powerful high-latitude storm of
non-tropical origin or a "severe" thunderstorm) that, perhaps,
produced what we now consider hurricane force winds. Others used
subjective terms like "a terrific gale" or winds "blowing a perfect
hurricane" (e.g., Milner and Sowerby 1863). It is unclear in these
instances whether the current requirements for a tropical cyclone
were satisfied. Occasionally, however, an especially descriptive
account added confidence to the interpretation, as in a summary
printed in the 6 November 1761 issue of Lloyd’s List®:

Capt. Young, arriv’d at Briftol from
Guadalupe, came out the 17th of Sept. in
Company with a Fleet of 26 Sail, moft of them
for England, under Convoy of the Griffin Man
of War, who was to fee them as far as Lat. 28;
but on the 27th ditto, in Lat. 22, they met
with a heavy Gale of Wind, which began at the
N. W. and veered all round the Compafs to the

2 pavailable from the National Climatic Data Center, Asheville, NC.
3 This account, like several that follow in the text and in
Appendix 2, is shown in an older style of English, presented by the
source, where "f" sometimes represents "s".
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S. E. in which the Fleet were fcattered, and
feveral loft their Topmafts. The next Morning
he faw only nine Veffels with the Man of War;
and the Captain adds, That by the Smartnefs of
the Gale, and the Wind’s flying about round
the Compafs, he apprehends it was the Tail of
an Hurricane.

Information about storm duration was helpful, too. The very
long duration of the inclement weather described in the following
passage 1is more consistent with a "cut-off" low than with a
tropical cyclone:

Falmouth, 6th January. Arrived the Hyena,
Captain Thompfon. Left St. Kitts on the 30th
November, with about thirty fail of Veffels
under her Convoy; but a Tempeft of Wind, on
the 17th of December, in Lat. 32 feparated
them; a Storm of an uncommon Sort, that lafted
from that Period to this Day; the Damages of
the Hyena are fo great, it was with difficulty
fhe was brought into Port, and much is to be
apprehended for the Fleet. (Lloyd’s List, 11
January 1782)

Accounts that included weather observations, such as ship
reports based on the Beaufort scale (introduced in 1805) or
barometric pressure measurements, helped to clarify the nature of
some rough weather events. These data were most often found in
meteorological studies, like Ludlum (1963) and Millas (1968), which
provided many well-documented and corroborating descriptions.

This study adhered to several guidelines that minimized

subjectivity and simplified the analysis. Every entry in the
Appendices had a documented association with bad weather that was,
or could reasonably be, related to a tropical cyclone. This

requirement eliminated many cases from further consideration, even
those where the remaining evidence (in the example below, the date
and location of a loss of multiple ships) tempted us to attribute
the disaster to a tropical cyclone:

The Duke of Cumberland, (Captain) Ball, a
Letter of Marque of Briftol, laft from the
Canaries for Virginia, was loft in September
laft nine Leagues to the Southward of Cape
Henry; the Captain, Surgeon and twenty three
Men were drowned, and 21 faved. —about the
fame time were alfo loft a Snow and a Brig,
Names unknown, and all the Crew of the former
perifh’d. (Lloyd’s List, 11 November 1757)



Wherever_helpful, the data and descriptions provided by the sources
are reprlntgd verbatim. (Unfortunately, by doing so, we also pass
along some information that either originally [or over the years]
was [re]recorded incorrectly. Conflicting accounts were noted in
and by, sgveral sources and the associated uncertainties aré
reflected in Appendix 1. We hope, however, that by providing all
relevant reference information, the reader will gain as thorough a
documentation of the event as possible.)

Footnotes are included to point out special conditions. For
example, the footnote "c" indicates that the tropical nature of a
storm was in doubt for at least part of the event. Often, it
applies to storms moving poleward from about 40-45°N, where weather
systems generally encounter relatively cold ocean waters (<26°C)
and tropical cyclones transform to "extratropical™ cyclone status.

.The track data of Neumann et al. (1993) show that Atlantic
Froplcal cyclones are almost exclusively a warm-season event, as
implied by the mariner’s poem (Inwards 1898):

June—too soon.
July—stand by.
August—1look out you mus=st.
September—remember.
October—all over.

The last line may be more ambiéuous than helpful. In some
Octobers, "all over" seems to describe the spatial distribution
rather than a certain cessation of activity. The NHC officially
defines the hurricane season to run from June through November.
Tropical cyclones outside that period are relatively rare and
mostly limited to low latitudes. In this study, when 1lacking
evidence to the contrary, storms between December and May were
eliminated from further consideration.

Only in obvious circumstances was a report purportedly about
a tropical cyclone rejected outright. The following account refers
to a "Hurricane", but the storm’s date and location are
inconsistent with our expectation of a tropical cyclone:

Plymouth (England), Jan. 5. Laft Night it
blew a Hurricane; almost every Ship in the
Harbour drove. (Lloyd’s List, 7 January 1791)

The concept of storm track and the difference between storm
motion and circulation remained obscure until Benjamin Franklin'’s
conclusions of the mid-18th century (see, Ludlum 1963, p. 22) were
extended and formalized by Redfield (e.g., 1836), Reid (1841) and
others. In addition, with communications generally limited for
centuries to the line of sight, storms almost always moved faster
than did the information about them. The first words about "The
Great Hurricane" of 10-16 October 1780 did not appear in Lloyd’s
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pist (published twice a week at that time) until the 19 December
i1ssue, and new reports appeared through 13 April 1781.

These limitations certainly contributed to the peril of people
in the path of an oncoming storm. One impact on this study was to
introduce uncertainty in some instances about whether contemporary
storm accounts from a region referred to a single tropical cyclone
or possibly to multiple systems. (The Lloyd’s List issues from
December 1780 through April 1781 describe losses in the Caribbean
Sea and adjacent islands. We now know that in addition to the
Great Hurricane, two more of this hemisphere’s most notorious
storms occurred in that region during October 1780; see, Millas
1968). Another example occurred in 1785 when a storm devastated
the area from St. Croix to Cuba during the last week of August (The
Daily Universal Register). On the 2nd of September, a "savage"
storm struck the Delaware coast (Seibold and Adams 1989). Two
disturbances could be responsible for these events. Alternately,
the tracks of more recent storms suggest that a single tropical
cyclone could have been the culprit. Cases where uncertainties
persist about the number of storms involved were entered into the
catalog and assigned the footnote "z".

3. CASUALTY INFORMATION

Losses over open waters--An ocean gf trouble

The period under study saw a large and widespread increase in
Atlantic coastal population. Available records, however, suggest
that the population on the Atlantic was the most wvulnerable to
storms through the 18th century. These shipborne explorers,
emigrants, combatants, fishermen, traders, pirates, privateers,
slaves, and tourists made up the crews and passengers on an
uncounted, but enormous number of local and transatlantic sailings.
Most of the ships travelled to or from the ports of Spain, France,
Great Britain, and the Netherlands. They usually proved no match
for the intense inner-core region of a severe tropical cyclone.

It is doubtful if any sailing ship or any man
aboard survived in this sector of a really
great hurricane. (Tannehill 1955)

In fact, to 1825,

more than five percent of the vessels in the
(West) Indies navigation were lost due to
shipwrecks; the biggest part due to bad
weather... (Marx 1981).

The total number of ship-related casualties associated with
Atlantic tropical cyclones is unknown, but there are glues: Some
perspective on the magnitude of ship losses worldwide is gained by

6



rga}izing that on the coast of England alone there have been a
minimum of 250,000 wrecks (Cameron and Farndon 1984)! On the other
side of the Atlantic, near New England, it was estimated that three
out of every five sailors drowned during the period 1790 to 1850
(Snow 1943). Of course, many of these disasters were unrelated to
the weather, while others are attributable to the brutal, cold
storms of the North Atlantic winter rather than to tropical
cyclones. Still, an account of one 17th century hurricane

indicates the great magnitude of some losses blamed on tropical
cyclones:

By these kind of Tempests the King of Spain
hath lost at several times near 1000 sail of
ships. (in Ludlum 1963)

Similar disasters continued for another two centuries. Even as
late as the 1830’'s,

...the annual loss of life, occasioned by the
wreck or foundering of British vessels at sea,
may, on the same grounds (i.e., ’the
boisterous nature of the weather and the
badness of the ships’), be fairly estimated at
not less than One Thousand persons in each
year... (Parliament Select Committee 1839).

Steamship voyages contributed increasingly to the number of lost
ships during the latter half of the 19th century. In 1875-76,
"heavy weather" was blamed for the loss of 176 steamships. Over a
longer period, 1840 to 1893, 7,523 people perished in 125 North
Atlantic steamship disasters of all types (Garrett 1986).

The large number of ship losses was partially a consequence of
the great number of ships that inadvertently encountered storms.
Redfield’s (1846) analysis of an 1845 hurricane off the U. S. mid-
Atlantic coast contains, on one weather map, information from the
logs of more than 50 ships within about 450 miles of the storm’s
center. There were likely other vessels in that area. Redfield
suggested that the then-expanding electric telegraph could be used
in the Atlantic ports of the United States to alert mariners of
approaching bad weather. Unfortunately, occasional ship disasters
related to Atlantic tropical cyclones continued into the early
1900’s. Further technological advances in meteorology,
communication, navigation, and the seaworthiness of ships makes
such losses infrequent today.

Reference materials about specific ship losses range from non-
existent to overwhelming. In some instances, where the sea claimed
a lone ship or even an entire fleet, record of the cause and
location of the catastrophe went down with the ship(s). Moreover,
for centuries there were virtually no official records on lost



ships (Cameron and Farndon 1984). On the other hand, Marx (1983)
wrote that:

if a team of one hundred researchers spent
their whole lives searching through the more
than 250,000 large legajos (bundles) in the
Archive of the Indies (at Seville), I doubt
that they could 1locate all the important
documents concerning Spanish maritime history
in the New World.

Either way, we learned little or nothing about many lost or missing
crews and the circumstances behind their disappearance. Foxr this
compilation, lacking contrary evidence, the crews and passengers of
ships lost over open waters in tropical cyclones were counted as
fatalities.

Coastal deaths

While losses over open waters have decreased of late, rapid
growth of coastal communities over the past 500 years has meant an
ever-increasing population at risk to tropical cyclones. As at
sea, relatively primitive communication methods increased the
possibility of disaster near the shoreline. Not until 1909 was the
first in situ ship report of hurricane conditions received in time
to assist coastal preparations (Garriott, 1910).

There are two primary components to the danger near the shore,

coastal ship losses and storm surge disasters. It is estimated
that 98% of the ships lost in the Western Hemisphere to 1825
wrecked in waters no deeper than 30 feet (Marx 1983). Proper

disposition of many of these cases is uncertain. Undoubtedly, many
mariners lost their lives while staying with their vessel until it
was too late to reach safety. This seems especially true early on,
as noted in the following examples, with the first passage about
non-tropical cyclones:

for four winters after my appointment to the
charge of the barracks at the above named
place (Yarmouth in Norfolk, England) in 1803,
I witnessed the loss of vessels with all their
crews within a few yards from the shore....I
witnessed His Majesty’s gun-brig Snipe,
stranded within 50 yards of the beach at the
back of the pier, having 67 persons on board,
who all ©perished... (Parliament Select
Committee 1839)

Came to anchor in St. Thomas’s harbour, and
landed the mails. Here the hurricane of the
2nd (August 1837) appeared to have
concentrated all its power, force, and fury;
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for the harbour and town were a scene that
baffles all description. Thirty-six ships and
vessels totally wrecked all around the
harbour, among which about a dozen had sunk or
capsized at their anchors; some rode it out by
cutting away their masts, and upwards of 100
seamen drowned... (Reid, 1841).

In contrast, today’s early warning system usually results in little
or no loss of life aboard vessels that wreck on a coast or in a
marina. In 1992 Hurricane Andrew, for example, only two boating-
related deaths occurred in southeast Florida despite boat damage
estimated at $0.5 billion (Mayfield et al. 1993). For purposes of
this work, cases with ships lost on the coast or in port were
excluded from the casualty lists unless explicit documentation of
sufficient loss of life was found.

Storm surge, occasionally reaching heights of 20 to 30 feet,
has been responsible for some of the largest losses of life
associated with tropical cyclone at the coastline. Storm surge is
the rise of water caused by the wind and pressure forces of a
hurricane. These forces induce currents in the water. While the
hurricane is in deep water, these currents produce little storm
surge because converging water and the subsequent piling up is
compensated by currents at greater depths moving water away.
However, as the hurricane moves onto the continental shelf and
makes landfall, the compensating currents are eliminated by the
slope of the shelf and the shoreline, and the converging water
rises. This rising water may over-top barrier islands or be
funneled into bays and estuaries. In many cases, maximum storm
surge heights measured relative to mean sea level have been
recorded at the head of bays or even inland away from the
shoreline. Generally, storm surge gradually rises to a peak and
returns to normal, all in 6 to 12 hours. However, in intense or
rapidly-moving hurricanes, rapid rises and falls on the order of
minutes to an hour have been reported. Riding on top of the storm
surge are waves which cause major damage when they break against
structures.

Poor communication for many years left coastal communities
virtually without warning of storm surge. In the United States,
storm surge is blamed for 90% of hurricane-related fatalities (AMS
1973). Even with the many technological advances, much of the
burgeoning coastal population of the Americas remains vulnerable to
storm surge (Sheets 1990).

Inland deaths
Inland communities are also susceptible to tropical cyclone

catastrophes. There, fresh-water flooding from excessive rainfall
can lead to large numbers of deaths by drowning.



The number of inland deaths, indeed those near the coast and
offshore as well, were only estimated by many of the references.
Numerous entries in Appendix 1 appear rounded to the nearest ten,
hundred, or even thousand. In addition, the data from many
references suggest that the 1listed total is 1likely a lower
threshold. For example, Millas (1968) indicates that there were 60
deaths in Dominica during a 1788 hurricane. He also presents a
contemporary remark about Martinique from The Gentleman’s Magazine:

...the number of persons who have lost their
lives is so great, that we dare not mention
what report estimates it at, for fear of
exaggeration.

Furthermore, there is evidence that casualty statistics were
intentionally withheld by government officials on occasion (Perez) .
Hence, in some cases the actual number of deaths could be many
multiples of the total shown in Appendix 1.

We also note that in the past several years the NHC has
distinguished explicitly between deaths directly related to the
forces of tropical cyclones (e.g., drowning due to storm surge) and
those attributable only indirectly to the weather (e.g., due to a
traffic accident on a rain-slickened road). For those systems,
this study used only the direct death toll.

4. STORM LISTS AND STATISTICS

The catalog consists of two parts. Appendix 1 identifies
Atlantic tropical cyclones documented as causing at least 25
deaths. Appendix 2 lists additional cases where the records

suggest that the 25 count threshold may have been reached.

Storms causing at least 25 deaths

Appendix 1 contains three columns of information about each of
250 cases. The first column indicates the areas that experienced
the greatest number of deaths. For events after 1949, it also
contains the name of the cyclone. The second column provides the
approximate range of dates® for the losses. The third column gives
the total number of deaths and the source(s) of the information.
(We note that some of these sources used the same original
documents and, therefore, do not provide independent
documentation.) A "+" indicates that totals from multiple sources
were combined. Unless otherwise noted, the fatality totals

4 Dates based on, or converted to, our current Gregorian calendar
system which replaced the Julian calendar in the 1l6th century.
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discussed below refer to the first (largest) number in the third
column of Appendix 1.

The largest loss shown in Appendix 1 occurred in the Lesser
Antilles in mid-October 1780, during The Great Hurricane.
Estimates indicate that around 22,000 deaths occurred in that
storm, with a total of about 9,000 lives lost in Martinique, 4,000-
5,000 in St. Bustatius, and 4,326 in Barbados. Thousands of deaths
also occurred offshore. Based on Appendix 1, the number of
fatalities during The Great Hurricane of 1780 exceeds the
cumulative loss in any year (except 1780) and, in fact, in all
other decades (cf. Fig. 1la).

That hurricane also caused far more deaths than documented in
any other storm. The second largest 1loss (the largest in the
United States) came during the 1900 Galveston hurricane. Just
after the storm, the Governor of the State of Texas estimated
12,000 fatalities (Lester 1900), but the storm summary of Ousley
(1900) provides information supporting their "official" estimate of
at least 8,000 lives lost. Three other storms killed around 8,000
people: 1974 Hurricane Fifi in Honduras; a 1930 hurrxicane in the
Dominican Republic; and 1963 Hurricane Flora in Haiti and Cuba. 1In
all, the list shows 39 instances of at least 1,000 fatalities among
the 144 cases in which at least 100 lives were lost. The available
documentation indicates that whenever there was a large loss of
life from tropical cyclones, the predominant cause of death was
drowning, not wind or wind blown objects or structural failures.

The Great Hurricane developed during mid-October. It was one
of three tropical cyclones to kill more than 1,000 people that
month. About 90% of the cases in Appendix 1 could be assigned to
a specific month without ambiguity. Of those, about 40% occurred
in September, 30% in August and 20% in October. No other month had
as many as 5% of those cases. September also had the most deaths
(40% of the total), followed by October (30%), August (15%), and
each of the other months with less than 5%. Hence, August has more
cases than October, but the large number of lives lost during the
two deadliest October storms (The Great Hurricane of 1780 and
Flora) skew the fatality statistics sharply toward October.

The years with the most entries in Appendix 1 are 1909 and
1933, which each had 5 cyclones responsible for at least 25 deaths.

Apparently, the 1780 hurricanes occurred during a 10- to 20-
year period notable for numerous deadly storms in the Atlantic

(Fig. 1b)S5.



