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WEST INDIAN HURRICANES AND OTHER TROPICAL CYCLONES OF THE NORTH ATLANTIC OCEAN 

PREFACE 

This general study of the tro ical storms of the North 
Atlantic Ocean was prompted !y the results of a more 
-restricted investigation-namely, an examination by the 
author of the idea, long held by him, that West Indian 
hurricanes never originate over the eastern two-thirds, 
a proximately, of the Caribbean Sea. To test this idea 
a Fi storms since 1886 which are shown in various publica- 
tions as originating in the questioned area were listed, 
and their tracks replotted according to the daily maps of 
the Weather Bureau, (including reports from stations in 
the West Indies), the daily North Atlantic charts (pre- 
Pared by the Hydrographic Office of the Navy until 1904 
and since that time by the Weather Bureau), and all 
other available pertinent data, many of which were 
used apparently for the first. time. In every instance 
the first evidence of storm development, although 
rather obscure in some cases, was found either over 
the western third of the Caribbean Sea (west of lon I- 

Caribbean Sea. 
tude 78" W.) or lo  the onst of tho eastern limjts of t R' c 

f The res& of this investigation proved so interestin 
and informative that the more comprehensive work o 
roplottin the tracks of all tropical storms that originated 
over the%ortli Atlantic Ocean, the Cuibbean Sea, and 
the Gulf of Mexico during I h e  entire period for which 
dafly charts of the North Atlantic Ocean are nwilable, 
1887 to date, was undertalren. Not only were all re- 
viously published tracks for this period replotted, %ut 
also many storms were found whose tracks have not 
been charted heretofore. In extending the tracks of 
such of the tropical storms us crossed the Atlantic Oceari 
after recurving the following publications were found 
quite helpful: Deutsche Seewarte, Internationaler De- 
kadenbericht, and Ta liche Synoptische Wetterkarten 
fiir den Nordatlantisc a en Ozeun von dem Danischen 
Meteorolo isher Institut und der Deutschen Seewarte. 

Acknow edgment is hereby made of he1 ful suggestions 
hom the followin officials of thc Wctither ureau R t WasIi- 
ington, D. C.: h f  r. E. H. Bowie, Mr. W. P. Ilay, Dr. W. J .  
I-Iumphreys, Mr. E'. G. Tingley, and Mr. I.. H. *eightman. 
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WEST INDIAN HURRICANES AND OTHER TROPICAL CYCLONES OF THE NORTH ATLANTIC 
OCEAN 

INTRODUCTION 

Tropical cyclones originate over the oceans both north 
and south of the Equator, except over the South Atlantic. 
North of the Equator the usually move at  first in a 

rule, to the northeast. Those that develo south of the 

westerly dircction, later recurving, as rule, to the south- 
east. 

The typhoons of the western Pacific Ocean, the cyclones 
of the Indian Ocean and the Bay of Bengal, and the 
hurricanes of the South Pacific Ocean, the eastern North 
Pacific Ocean, nnd the North Atlantic Ocean (including 
the Caribbean Sea and the Gulf of Mexico) are essen- 
tiall the same in oharacter. This study is confined t o  
the ?kricanes and less intense tro ical storms that have 

between 9" and 20' north latitude) the Caribbean Sea, or 
the Gulf of Mexico. 

A more or  less complete list of hurricanes in the West 
Indies from 1493 to 1855 was published by Poey.' From 
1856 to 1877 the occurrence of 12 hurricanes was noted by 
var;ious writers. The hurricanes of 1878 to 1000, inch- 

issued a comprehensive bulletin covering the period from 
1876 to 1911, inclusive. In  addition, Vifies fully covered 
the hurricanes that directly affected the island of Cuba. 

westerly or northwesterly ciy Irection, later recurving, as a 

Equator usually move a t  first in a wester .p y or a south- 

originated since 1886 over the At P antic Ocean (usually 

~ sive, were traced and discussed by GarriottJz and Fassig 

TRACKS OF TROPICAL CYCLONES OF THE NORTH 
ATLANTIC OCEAN 

The storms for each of the so-called hurricane months, 
June to Novcrnber, during the yeprs 1887 to 1923, 
inclusive, are charted separately as Figures 1 to 8. The 
Septembcr and October tracks, on account of their 
grcat number, are 'divided, those for the first 15 days of 
the month ap earing on one figure and those for the 
remainder of &e month on another. In  addition, the 
paths of three storms that occurred in May and December 
Were charted, but the chart has not been re roduced. 

nated, irrcspective of the date on which it reached land 
or became severe, if at all. The storms are classified in 
accordance with their intensit while south of latitudes 

follo.r\rs : 
1. Storms of known hurricane intensity (with winds of 

at least GO miles an hour reported). 
2. Storms whose intensity is in doubt, because of an 

insufficient number of reports. 
3. Storms known to be of less than hurricane intensity. 
Comparison of the storm tracks from month to month 

shows strikingly the advance and decline of the hurricane 
Season. 

Each storm is assigncd to the month in whic f it orjgi- 

30" t o  35" N., and are divi B ed into three groups, as 

1 Andreas P6ey: Table chronologique de quatro cents cyclonos. Pnul Duponl, Paris, 

E. B.'barriou: West lntlian Iluuricnncs. Bulletin II, U. 8. Wauthcr I3uronu, 1W, 
a 0 .  I,. Fnsslg: Ilurricanos of tba West Indies. Bulletin X, U. S. Weather Bureau, 

13. Vifim: Cyclonic Clrculntion and the Trnnslntory Movements of West Indtnn 

1R62, RVO pp. 49. 

4to., BP. 69. plntes 7. 

1Q13,4to., pp. 28, plates 25. 

IIUlricunes, U. 8. Weather Bureau, Publiotitlou No. 108, 1808, 8vo., PP. 34. 

June cf;q. 1) .--Practically all tropical disturbances 
in the regions here studied originate eit,her over the 
Caribbean Sea west of longitude SO" W. or over the Gulf 

in the vicinity of the 
the eastward, while all the other entered the Caribbean 
Sea from the east. As in June, the length of the tracks 
of the majority of the storms is comparatively short. Of 
the 17 storms charted, 11 dissipated before reaching 
latitude 37" N. and one other before reachinu latitude 
45" N., while the remaining 5 were traced ?or much 
greater distances, 2 of them disappearing in the region 
southwest of Greenland. 

August i$g. 5) .-In this month a marked increase was 
found both in the number of tro ical storms and in the 

intensity. The place of origin was iouncfj in many in- 
stances, far to the eastward. None has ori inatcd over 

during the past 37 years. Many of the August storms 
originated in the vicinity of the Cape Verde Islands. 
Some of these moved westward, enterin the Caribbean 
Sea and passing south of the islands of halt1 and Cuba; 
others turned more to the northwest b:fore reaching the 
Lesser Antilles and passed north of Haitl and Cuba. The 
remainder moved northwestward, recurvine in about 
latitudes 25" to 30" N. and between longituaes 50" and 
70" W, All August storms that passed south of Haiti 
reached Central America or the west Gulf coast without 
recurving, and d l  except 2 in this class dissipated 
without recurving soon after reaching land. One of 
t,hese two exceptions is the great Galveston hurricane 
of 1900, which is classified as an August storm, although 
it did not reach Galveston until September 8. 
nated far to the eastward of the Lesser Antilles before t o 
end of August. Of the storms that passed north of Haiti 
in August a few reached tho middle Gulf coast before re- 
curving, but the great majority of them recurved east of 
Florida. The August storins that recurve usually travel 
far. No less than 14 of tho 39 charted were traced at  
lenst as far east as the longitude of Iceland and several 
much farther. 

The hoight of the hurricane season is reached during 
August and tho first part of September. Qver 54 per 

percentage of tho total number t 5 at develo ed hurricane 

the Caribbean Sea and very few over the Gu 7 f of Mexico 

It O r i f -  
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cent of the true hurricanes of the ast 37 ears developed 

1893, there were four hurricanes in progress at the same 
time, and in September, 1900, there were three, includ- 
ing the Galveston hurricane of that year. (See figs. 66 
and 66a.) 

September, Jirst haw ( j i g .  4) .-During this time tropical 
storms, as a rule, move northwestward rather than west- 
northwestward before recurvin . However, some do not 

c clones to the northward and reach the west Gulf coast. 
Aegrea t  hurricane of September, 1919, is one of this class. 
Before the middle of September disturbances again 
develo occasionally over the western third of the Carrib- 
bean 8 ea, and there is an increase in the number that 
develo over the Gulf of.Mexico. 

Whfe all tropical storms in the Northern Hemisphere 
apparently seek to move northward at  the first favorable 
o portunity, this tendency is especially noticeable in 
t l e  paths of the West Indian hurricanes that develop 
during the first half of September. (See fig. 4.) Out 
of a total of 46 of these storms, 15, or almost one-third, 
passed northward or northeastward in the vicinity of or 
to the east of Bermuda. As 
progressed, it became more 
tropical storm wzll recurve into 
pressure that my.e;Fist when the 
the same region, zrrespective of 
o the ear. The fact that the 

storm season recurve farther to 
the infrequenc. then of trou hs of low pressure east of 

States. The so-called permanent area of high pressure 
that at this season normally extends from the region of 
the Azores west-southwestward to the coast of the 
United States seldom breaks down. This being true, it  is 
clear that no storm will “break through’.’ and recurve 
until it  reaches a region where south or southwest winds 
prevail aloft and relatively low pressure to the northward 
1s shown on the weather map. However, as auturnn 
:Ipproaclies, storm activity in extratropical regions in- 
creases and the breaking down of the Atlantic hi h 

one of these 

within this period of approximate f s c  y 6 wee s. In  August, 

recurve at all, but are deflecte f to the westward by anti- 

& I !  est ndian hurricanes during 

the Atlantic doast States o 7 the southeastern United 

that the chance o f a  

tinued increase in storm activity in extratropical regions 
and the consequent increase in the number of troughs 
of low pressure into which the tro ical storms might move. 

September, lad half @(I. 6).-Rurin the latter half of 
September there is a decided decrease E 0th in the number 
of tropical storms in the regions under consideration and 
in the percentage of storms of hmricane strength. While 
the total number of storms is much smaller than for the 
first half of the month, there is a marlred increase in the 
number that develop over the western third of the 
Caribbean Sea. These usually move to the middle or 
east Gulf coast. Moreover, no storms of hurricane 
intensity, irrespective of place of origin, reached the 
Texas or western Louisiana coasts after the middle of 
September during the period 1887 to 1923, inclusive, 
with the exception of the hurricanes of Se tember 11-21, 

idand a short distance north of Brownsville, Tex. Only 
1887, and October 12-17, 1912, both o P which moved 

one hurricane that develo ed during the latter half of 
September was traced bacE to the vicinity of the Cape 
Verde Islands; however, it is quite likely that others, 
6rst noted between longitudes 50° and 60’ W. ori inated 

east. 

near those islands; but lack of vessel re orts at  t f e time 
made it impossible to extend their trac K s farther to the 

46-53.p Another October hurricane, that of 1922, was 
deflected to the southwest over the Bay of Campeche 
and into Mexico in the vicinity of Frontera. This IS the 
only instance of the kind during the 37- ear period. 
Again, as in the latter half of September, on r y one hurri- 
cane was traced back to  the eastern Atlantic. That 
others were not found was due very likely to lack of 
vessel reports at  the time in the region east of the Lesser 
gntilles. 

October, Zast 7 ~ l f  ($9. 7 )  .-After the middle of October 
the decline in the hurricane season sets in rapidly. Few 
of these tropical storms now develop hurricane intensity, 
and only on rare occasions do the enter the Gulf of 
Mexico. The hurricane of late 6ctober, 1921, that 
passed eastward over the Florida eninsula north of 
Tampa was a notable exception. N! other true hurri- 
cane that developed after October 15 has entered the 
Gulf of Mexico during the past 37 years, although a ver 

shortly after that date. None of the late October storms 
were traced back to the vicinity of the Cape Verde 
Islands, but there 1s a possibilit that a few of them 

centage of these. tropical storms that develo during 

Of the 71 charted there were 20 that moved as far north 
as 60°, and 10 of these assed beyond 65’ north latitude. 

sidered are few in number, and some of them are appar- 
ently nothin more than disturbances that develop in the 

over the United States and extendih much farther south 
than during the warmer months. T%e disturbances that 
develop in this manner move northward or northeast- 
ward from the time of their inception. Only two storms 
of known hurricane intensity have occurred in November 

few that developed previous to the 15th entered the Gu 9 f 

originated in that region. As in sy eptember, a large per- 

October do not dssipate bpfore reaching high .p atitudes. 

November ($9; S).- $ he November storms here con- 

southern en. B of troughs of low pressure moving eastward 
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1897-1901--_- 33 
1902-1906- - - - 33 

The months of September and October have been di- 
vided into halves and the results tabulated, as in the 
preceding table. Taking first the storms of%known hur- 
ricane intensity, we find 34 during the first half of the 
month of Se tember, falling to 12 during the last half, 

by a sudden decfine to  2 storms during the last half. 
Of the disturbances which are doubtful as to hurricane 
intensity, 7 occurred during the first half of September, 
8 during the last half, 12 during the first part of October, 
and 11 durmg the latter. Of the tropical disturbances 
not of hurricane intensit , September showed 5 for the 

13 and 9. The totals for the semimonthly periods were 
Se tember, 46 and 32; October, 47 and 24. 

$he above figures show that 149, or 62 per cent, of 
the total lof these 239 tro ical storms recorded during 
the past 37 years occurre{ during the months of Sep- 
tember and October, and 188, or 78 per cent, during 
the three months, August, September, and October. 
Further examination of the figures shows that when one 
of these tropical disturbances develops during June there 
are about 3% chances in 9 that it will increase in in- 
tensity until it reaches hurricane strength; during July, 

rising to  22 B urin the first part of October, and followed 

first part and 12 for the r ast half, while October showed 

1917-1921-,-- 19 

The average number of storms for each five-year eriod 

but there was a large excess during the five-year period 
1887-1891 and as great a deficiency during the five-year 
Period 1917-1921. Furthermore, only five tropical 
Storms occurred during each of the years 1922 and 1923, 
80 that the total number of these storms during the past 
seven years, 1917-1923, inclusive, would just e ual the 

Period since 1886. 

did not vary materially from 1892 to 1916, incusive, P 

smallest number recorded during any previous 2 ve-year 

Nonthly frequency of West Indian inmicanes and other tropical 
storms of the North Atlantic Ocean (1887-1928) 

\ -- - 
Number of storms _______. - 
2Lcentage _ _ _ _  _ _  - _ _ _ _ _ _  - ~ - 

I Yrns I I Notof I 
known Doubt- hurri- I hurri- 1 ful I canein- 1 
mne in- tensity 

FIG. 9.-Huricnne frequency, 1857-1923 

$ in 9;  during August, 7% in 9; during tho first half of 
September, 634 in 9; during the latter half of Septem- 
ber, 334 in 9; durin the first half of October, 4 in 9; 

November, 1 in 9. ' 

during the second h 3 f of October, 1% in 9; and during 

PREUTJRSORY SIGNS OF TROPIOAL CYCLONES 

Accurate and detailed observations of the hi h clouds, 
especially cirrus (Ci.) and cirro-stratus (Ci. 4 t.), when 
made by an experienced observer may often be helpful 
in determining, first, the presence of a distant tropical 
cyclone, and second, its geogra hic osition with refer- 
ence to the observer. The late%ev.%enito Viiies, S. J., 
director Belen College Observatory, Habana, Cuba, was, 
among the first to connection between the 
movement of the hi Ci. and Ci.-St., and the 
movement of 

labom are summarized in 
a paper ' contributed to the International Meteorological 
Congress held at  Chicago in August, 1893. This paper 
was translated from the Spanish by Dr. C. Findlay, of 
Habana, who as a friend of Father Viiies secured a 
revision of the translation, except the last few pages be- 

Viflcs Benito: Investigation of the oyclonio c&mlation and trenslstory mOVQment 
of West Indian hurricanes, W. B., No. 188, Washington, 1808. 
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fore the death of the author. It was ublished by the 

Bulletin No. 11. Some of the conclusions of Father 
Vifies are summarized in the following paragraphs: 

I n  the West  I n d i a n  cyclones the rotation and the cyclonic circula- 
t ion take place in such a manner that the inferior currents, as  a rule, 
converge more or less toward the vortex; i t  a certain altitude the cur- 
rents follow a nearly circular course, and higher still their course is 
divergent. I t  i s  particularly to be noticed that this divergence i s  all 
the greater as  the currents occupy higher altitudes, unti l  a point i s  
reached where the highest cirrus clouds are seen to move in a com- 
pletely divergent radial direction. 

Thus, if the vortex lie due south, the wind will blow more or 
less from the east-northeast, the lowest clouds will move from the 
east, the alto-cumulus clouds from the east-southeast, the dense 
cirro-stratus from the southeast, the cirro-cumulus from the 
south-southeast, and the light cirrus from the south. 

This graduation of the currents is of invariable occurrence, with 
greater or less perfection, in our West Indian cyclones, even when 
they present such incomplete organization as to be considered 
simple cyclonic perturbations of slight intensity. It constitutes 
what I have denominated the law of cyclonic currents at different 
altitudes, a truly admirable law which is undoubtedly founded on 
the very nature of the cyclonic movement and on the essential 
mechanism of the storm, and, in my opinion, constitutes the 
fundamental law of the cyclonic circulation. * * * To sum up 
briefly, we find that the cyclonic currents which exhibit the great- 
est regularity and point out best the bearing of the vortex are 
those of the cirrus and of the low clouds. The current of the 
cirrus clouds is that  which should be selected in preference when 
the first indications of the approach of a cyclone are seen and the 
vortex is still far distant. In  the interior of a storm the observer 
must be guided principally by the movement of the low clouds. 
In  the absence of cirrus clouds the currents of the cirro-cumulus 
and cirro-stratus may guide one, and when there are no low clouds 
the wind and the high cumulus may be resorted to instead, always 
bearing in mind, however, t ha t  these indications are less reliable 
and the approximate inferences less satisfactory. 

Many others have contributed to our knowledge of the 
forecasting value of accurate and detailed observations of 
the movement of high clouds. Boyer,O whose studies 
were made at Key West, Fla., was in a osition to supple- 

same geographical district as a background. Another 
careful observer who should be placed in the same cate- 
ory is Mr. John T. Quin, editor of Avis, Cliristiansted, 

i t .  Croix, Vir in Islands. Mr. Quin’s contributions may 

1907, and 1909, volumes 32, 35, and 37. The observa- 
tions of Mr. Quin lead to the conclusion that some of thc 
earlier results of Father Vines should bemodified in the 
light of additional observations. Garriott ’ also questions 
the accuracy of Father Vifies conclusions regarding a 
divergent radial direction of cyclonic currents in high 
altitudes. 

In  the Far East may be mentioned the names of Fathers 
Algue, Faura, Froc, and others as students of clouds in 
connection with the advent of a typhoon. The first 
named of these devotes much s ace to the subject in his 
work on ‘‘ Cyclones in the Par &st,” to which the reader 
must be referred for the details and conclusions. Father 
Algue, however, points out that not all Ci. and Ci.-St. are 
precursors of cyclones; much depends upon their being 
convergent and then showing a certain definite disposition. 

S ually weather.-A rather reliable indication of the 

settled and squaly condition of t e weather. Showers 
and squalls are usually experienced from 24 to 48 hours 
in advance of the storm proper. The following para- 
raphs from Eliot’s Handbook of Cyclonic Storms in the 

gay of Bengal concerning the relation between squally 

Weather Bureau as an extract from % eather Bureau 

ment those of Father Vifies, since both R ad practically the 

be found in t % e MONTHLY WEATIXER REVIEW for 1904, 

P % deve 5 opment or a proach Of a tro ical cyclone is an un- 

6 Iloyer, fi. B.: Atmoapherlc clrculntlon In trophl cyclones BS shown by movement 
of clouds. Weather Bureau Washington D. C., 1896. 

7 Qarriott, E. B.: West Iidian Hnrricahm, Weather Bureau Bulletin H, p. 9. 
1 J. Eliot, second edition, avo., Calcutta, 1900-1901. 

weather and cyclones, while based upon a study of the 
storms over a particular area, perhaps are quite as a pli- 

Hemisphere : 
It should be kept carefully in view by mariners of the Bay of 

Bengal that the formation of a cyclonic storm is a gradual process, 
and that it is only when the disturbance has passed beyond the 
initial stages that i t  becomes a storm in the proper sense of the 
word. The formation of a large storm is due to the prolonged 
continuance of actions, processes, and changes of the same kind 
as those that are occurring in the atmosphere at all times when 
rain is falling and strongish humid winds are blowing. Whatever 
the causes and origin of cyclones may be, the history of all cyclones 
in the Bay of Bengal shows that they are invariably preceded for 
longer or shorter periods by unsettled, squally weather, and that 
during this period the air over a considerable portion of the bay 
is gradually given a rapid rotary motion about a definite center. 
During the preliminary period of change from slightly unsettled 
and threatening weather to the formation of a storm, more or 
less dangerous to shipping, one of the most important and striking 
points is the increase in the number and strength of the squalls, 
which are an invariable feature in cyclonic storms from the very 
earliest stages. First of all, the squalls are comparatively light 
and are separated by longish intervals of fine weather and light 
variable or steady winds, according to the time of year. They 
become more frequent and come down more fiercely and strongly 
with the gradual development of the storm. 

The area of unsettled and squally weather also extends in all 
directions, and usually most slowly to the north and west. If 
the unsettled weather advances beyond this stage (which it does 
not necessarily do), it  is shown most clearly by the wind direc- 
tions over the area of squalls. The winds always settle down into 
those which invariably occur over an area of barometric depres- 
sion or cyclonic circulation, or, in other words, are changed into 
the cyclonic winds of indraft to a central area of low barometer 
and heavy rain. As soon as the wind directions indicate that a 
definite center of wind convergence has been formed in the bay, 
it is also found that the center never remains in the same position 
for any considerable interval of time, but that  it moves or advances 
in some direction between northeast and west with velocities 
which not only differ very considerably in different storms, but 
also at different stages of the same storm. 

The preliminary period of unsettled, squally weather may extend 
over several days, or may last only a few hours. It is, of course, 
impossible to determine exactly the hour a t  which the change from 
the antecedent disturbed squally weather to the cyclonic storm 
takes place. * * * These squalls are at first of short duration 
and comparatively feeble, but as they increase rapidly in frequency 
and intensity they are an almost certain indication of the com- 
mencement or of the existence of a cyclonic storm, and they become 
more and more promincnt and more frequent and severe during the 
birth and growth of the cyclonic storm. It should, however, be 
carefully noted that squalls more or less severe occur under several 
sets of conditions, and it is hence desirable to discriminate betweell 
these. This is the more necessary in order that it, may be fully 
realized that whilst squally weather is a necessary antecedent in 
time to  the commencement of a cyclonic storm, squally weather is 
not necessarily followed by a cyclonic storm. 

Thunderstorms.-Thunderstorms sometimes, but not 
always, accompany tropical cyclones, but as they occur 
during the storm and not before it begins, they can not 
he considered as precursory signs. Vifies 9 regarded 
them as evidence of the breaking away of the storm: 

The absence of electrical discharges within the cyclone is a phenonl- 
enon so constantly observed that whenevcr during a tempest the 
rolling of thunder is heard or flashes of lightning are perceived 
this is considered as a favorable sign indicating the speedy disaF- 
pearance of the storm. Especially among the country folk this 
opinion is general and deeply rooted. The crashing of thunder and 
the crowing of the cock are here the barometer of the farmer during 
cyclones, a barometer which, as he affirms, never deceives h im 
As long as the rooster does not crow, nor is there heard any peal of 
thunder! the storm will continue to rage in full force; but as soon 
as the lively crowing of the cock or the pealing of the thunder 
reaches his ear, the tempest, to  his conviction, is about to pass awaY. 

Ocean waves and swells.-An exhaustive study of the 
storm tides in connection with West Indian hurricanes 
was made by Cline,1o and he arrived at the following con- 
clusions : 

cable to tropical cyclones in other parts of the Nort E ern 

9 U. Vlfles 8. J.: Apunbs sobre 10s liuracnnes do 111s Antillas. Habana, 1877, p. 19O. 
10 I. M. Cline: Mo. WEATEER REV., March, 1920, 48:127-146. 
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1. The waves and swells of greatest size and length are developed 
in the rear right-hand quadrant of the cyclonic area and move 
through the smaller waves in the front of the storm and are carried 
by inertia to the shore in the direction in which the cyclonic area 
wag advancing at the time. The waves sent out in other directions, 
being smaller and shorter, do not persist long after leaving the 
cyclonic area and soon flatten out and disappear. 

2. The transference of water with the long waves and swells 
Causes rises in the water along the coast, which increase as  the storm 
approaches. The rise in the water on the coast in front of the line 
of advance of the cyclonic area beginning 12 to 24 hours after the 
hurricane enters the Gulf of Mexico, indicates the ra id movement 
of the waves through the storm area and across the &If * * * 
The speed varies from 30 to 45 miles an hour. The rapidity with 
which the waves travel depends both upon the extent of the cyclonic 
area and the intensity of the winds that develop the waves-and 
Swells. The water rises at the shore in the front, and to the nght, 
of the point toward which the center of the hurricane was moving 
at  the time the waves started on their journey. 

3. The rise at shore of the water from the hurricane shows long 
in advance of any change in the barometer. Take for example 
the hurricane of September 11-14, 1919 when the barometer at 
Burrwood, New Orleans, Galveston, and korpus Christi was either 
stationary or falling only a few hundredths of an inch, the water, 
first at Burrwood, later at Galveston, and then at Aransas Pass, 
was rising in feet telling the story of the movement and of the 
change in the course of the storm as plainly as could possibly be 
told. 
4. In using the information conveyed by the tides in forecasting 

the movements of hurricanes, the tides as predicted by the Coast 
and Geodetic Survey should be plotted for each hour whenever 
a storm appears in the Gulf. The height of the tide above mean 
low tide should be telegraphed from coast stations with each obser- 
varion, and these should be plotted over the predicted tides. 
The place where the water exceeds the predicted tides and continues 

‘ rising is in the line of advance of the hurricane at the time that water 
Started on its journey. 

5. The intensity and extent of the hurricane is indicated when 
the disturbance is at 8 considerable distance in space and time 
by the rapidity of the rise in the water and the extent of the coast 
Over which the rise is taking place. 

6.  The time between the commencement of the rise in the water 
at shore aIld the arrival of the hurricane will depend upon the 
TtPidity with which the cyclone area is advancing and the intensity 
“I the hurricane. 
7: If the point of greatest rise shifts to the right or left, this 

indicates that the storm is chanaina its course in that direction 
which the increased rise is fakhg place. 

8. When the crest of the storm tide is coincident with the crest 
Of the regular tide, the height of the water will be greater by more 
b n  1 foot for hurricanes of equal intensity than when the crest 
Of the storm tide is coincident with low tide, and in forecasting 

9. The regular tides are iiot obscured at any time by the storm 
tide except at or near the point where the center of the storm 
boves inland, and then for only about 12 hours before the psssagc 
Of the center of the hurricane. 

10. The highest water occurs a few miles to the right, and about 
time of the passage of the center of the cyclonic area. 

11. The high water extends for only a short distance to the left 
Of the point where the center,of the storm moves inland. High 

however, is experienced to  the right of the center for a dis- 
tance of 100 to 200 miles. 

12. The water commences rising a t  the shore toward which the 
‘Yclonic area is advancing iii less than 24 hours after the center of 
the. cyclonic area has entered the Gulf. The waves and swells 
%ch give this rise must have moved through and out of the rear 
”ght-hand quadrant of the storm area within 12 to 15 hours after 
the center of the storm entered the Gulf of Mexico. This indi- 
cates that with a fetch of 150 to 200 miles in the rear right-hand 
quadrant of the cyclonic area the winds furnish sufficient energy 
to develop waves and swells of a size and Iength that travel 30 to 
45 miles per hour, reaching the middle Gulf coast, 400 miles dis- 
tant, in 10 to 15 hours, and the Texas coast, 800 miles distant, 
‘4 16 to  20 hours. 

tides this must be borne in mind. 

The fall of the barometer.-Fassigll says in 
‘hanges in the barometer, the wind and the 

The premonitory signs enumerated above are the most important 
featUres of the weather conditions preceding the storm area proper 
and are generally observed a t  distances varying from 500 to 1,000 
hliles in advance of the center of a storm. Within the radius of a 
1- 

” O. L. Fassig: Hurricanes of the WcSt Indies. Bulletin X, U. S .  Weather Bureau. 
’ 1  WWhlngtoo, D. Cl., 1012. 
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day’s movement of the storm, or roughy,l from 300 to 400 miles 
from the center, other and more reliable signs become evident to 
the observer accustomed to the regular sequence of weather 
changes in the Tropics. The barometer begins to fall slowly but 
steadily, although the diurnal variation is still well marked; the 
wind begins to increase in force, obliterating normal dlurnal 
changes, and backs to  the east or northeast, if the observer is 
directly in the path of the storm, or changes Lrom northeast to  
north and northwest if the path of the center of the storm lies 
north of the observer. At the same time the direction and velocity 
of the lower clouds show unmistakable evidence of the presence 
of a storm and the bearing of the center. Wlien the storm center 
is still far distant, the phenomenon called the [‘bar of the cyclone” 
may frequently be seen. This is a dense mass of rain cloud formed 
about the center of the storm, giving the appearance of a huge 
bank of black clouds resting upon the horizon, which may retain 
its form unchanged for hours. It is usually most conspicuous 
about sunrise or sunset. When i t  is possible to observe this bar, 
the changes in its position at intervals of a few hours will enable 
the observer to determine the direction of movement of the storm. 

In  “Camps in the Caribbees”, a narrative volume by 
the naturalist, E’. A. Ober, published in 1880, the follow- 
ing is found (p. 179): 

Immediately preceding the hurricanes, there arrive off the  
Caribbean c:& (of Dominica) vast numbers of birds called,from 
their cries, They are said to be the harbingers of 
hurricanes, and only appear during the calms immediately before 
a storm. They cover the water in large flocks and come in from 
the desolate sandy islands where they breed. They are the sooty 
tern (the Slerna fuli inosa), but are known to the natives as 
“Hurricane birds.” %hen I arrived in Dominica the sea was 
black with them, but on the morning after the storm they had 
disappeared, to a bird, as completely as though blown into another 
sphere. 

Twa-00”. 

AVERAGE 24-HOUR MOVEMENTS OF TROPIOAL STORM8 

In  Table 1 the following data are given by months for 
the yeais 1887 to 1923, inclusive, for each 2%’ square 
between longitudes 50’ and 100’ W. and latitudes 10’ 
and 40’ N.: (1) The number of centers of tropical storms 
observed within the square at 8 a. m., seventy-fXth 
meridian time (exce t in a ver few instances when it was 

of fast moving storms) : (2) the avera e azimuth of the 

Eeen observed within the square, in de rees reckoned for 

through north (an entry of 110 means that the average 
position of the centers of the storms 24 hours later is in 
a direction 20’ E. of N.) ; (3) the average 24-hour move- 
ment, in miles, of the centers of all storms observed within 
the 295’ square. 

The average, both unsmoothed and smoothed , 24-hour 
movements of tro ical storms that originated during the 
months June to $ovember, inclusive, are shown gra h- 
i d l y  in Figures 10 to 21, inclusive. The unsmoot R ed 
and the smoothed values for each month are shownon 
the same page the one above the other. Because the 
data for many of the 2%’ squares were scanty, the 
smoothed averages were obtained by taking the average 
of all observations in each square for which data were 
available and for all adjacent squares for which data 
were available. The unsmoothed charts show the num- 
ber of storms of record for each square. (See the figures 
at  the ends of the arrows). The smoothed arrows do not 
indicate froquency. Proper weight was given to the 
number of observations in each square. The values thus 
obtained wer0 entered on a map and lines of equal angular 
direction and lines of equal 24-hour movement were 
drawn, usin a convenient numerical interval. From 

were obtained by interpolation. 

necessary to interpo 5 ate in or J er to secure sufficient data 

osition of the center of all storms 24 a ours after having 

simplifying the computations, from t E e west, as zero, 

thew lines t f le smoothed average values for each square 
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4O0-37.5' _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _  ~ _ _ _ _  _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  __ -__  _ _ _ _ _ _  1 163 
37.5O-35O _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ - _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 155 775 1 156 775 2 279 1,325 2 05 
35°-32.50______ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 163 575 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 103 125 2 122 100 1 94 500 I 50 200 __.. _ _ _ _ _  _ _ _ _ _ _  1 3 
32.5O-30~ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 111 200 _ _ _ _  _ _ _ _  ~ _ _ _ _ _  ~ 1 70 125 1 9 200 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 2 250 3 05 225 _ _ _ _  __-_. 
30°-27.50______ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  2 54 300 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 78 250 2 106 275 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 04 250 1 106 
27.5O-25O _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 88 150 1 36 275 1 104 325 2 74 225 _ _ _ _  ___._ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 80 150 1 45 
25'-22.5O_____- _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 88 150 1 40 375 1 30 250 1 75 325 2 59 212 .___ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ - _ _  ~ _ _ _ _ _  _ _ _ _  _ _ _ _ _  

TABLE 1.-Averaae movement of tropical cvclones, 1887 to 1.993, inclusive. 

775 
350 
100 

_- - -  -- 
375 
125 

_--- -- 

- -  
Exp!,mation of headings: 

No."=Number of observations (in each 2w square) upon which averages are based. 
"Dir "=Average direction of movement of storms measured in degrees clockwise from west as zero azimuth from 2%" squares during succeeding 24 honrs. 
"Moi."=Average 24-hour movement of storms, measured in miles. 

JUNE 

22.5°-200 _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  ~ _ _ _ _ _  1 10 400 2 58 312 _ _ _ _  __-_. ._._._ 2 40 250 

1 30 300 
2 54 250 
1 70 200 

20"17.5" _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 23 375 2 i; % ; 34 325 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  2 61 

________._______..__----.-.--- 

1 17 I 426 1 3 22 1 300 

1 48 275 _ _ _ _  __-_. -- - - - -  

_ _ _ _  __-_- _ _ _ _ _ _  _ _ _ _  __---  ------ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ .______---- --  

AUQUST 

SEPTEMBER 
__ 
1 126 
2 130 
2 8 8  
2 88 
4 105 
4 91 
7 84 
2 07 
3 36 
3 37 
4 68 
3 64 

OCTOBER 

NOVEMBER 

' I  I 
700 2 98 850 

350 3 141 608 
700 2 131 225 
481 5 88 310 
294 4 82 338 

257 288 2 2 38 13 350 300 
208 4 33 258 
258 3 29 258 
212 1 50 100 
242 - _ _  - - - _ _  - - - - - 

575 4 115 056 

- _ _ _ - - -  - -  - - - - -  _ _ _ _ - -  1 _ _ _ _ _  2 117 525 7 
438 6 105 580 8 
300 1 83 475 1 
350 3 108 308 2 
433 2 111 375 2 
488 2 46 175 _ _ _  
214 3 44 175 1 
188 7 41 108 3 
230 3 78 235 1 _ _ _ _ _  3 64 167 _ _ _  

I I  I I I  I I 1  I I 1  I I 1  I I I  I 1 1  I I I  I I 1  I I 1  I/' 
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TABLE 1.-Average movement of tropical cyclones, 1887 to 1923, inclusive-Continued. 

9 

JUNE __ 
Wcst longitude I 

1 75°-72.50 I 72.5O-7Oo 1 70°-67.50 1 67.5D-G50 , I *  65°-i32.50 I 62.5"-60° I 60'-57.5" I 57.5'55O 1 56O-52.5' I 52.5°-50" 1 Northlatitudo 

JULY 

I 
2 
1 
3 

1' 

1 

3 - -_  
- _ _  

- 
z 

- _ _  
1 

' 1  
1 
3 

5 
2 
1 
4 
2 

- -_  

- -_  
.-.-- 

i- 
4 
5 
2 
4 
2 
2 
1 
5 
2 
6 I:::: - 
\ 

-._. 
2 
7 
1 
8 
4 
8 
2 
1 
2 
1 
1 

----. 

61 456 3 
78 460 1 
146 462 3 
108 362 4 
135 338 3 
84 388 5 
2 200 3 
39 310 6 
21 275 2 
13 300 5 - - - - _ - _ _ - _ -  1 

_ _ _ _ _ _ _ _ _ _ _ _ _  
206 350 3 
119 214 1 
165 625 2 
141 400 3 
129 318 1 
97 342 1 
83 300 2 
105 525 4 
14 275 3 
15 300 1 
8 350 1 

I I  

- ~ -  
517 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  __-_--___-- - - - -  - - -__  ---. -----. 40O-37.5". 
100 1 126 300 _ _ _ _  _ _ _ _ _  _ _  _ _ _ _  1 121 350 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 140 200 2 138 462 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  __-_ ----- .----. 37.6"-35'. 
342 4 123 500 2 108 600 6 116 346 1 147 450 1 126 800 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  1 130 300 35"-32.5O 
381 6 92 284 2 135 425 4 139 637 _ _ _ _  __.__ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1 150 660 1 98 500 2 116 362 32.5'-30°. 
347 4 102 319 5 113 305 2 62 338 1 57 250 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  1; 85 626 2 75 300 1 102 350 3Oo-27.6O. 
295 6 78 258 2 c 39 200 '2 64 300 1 56 250 2 78 338 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  - - - - - - - - -  ------ --.- ----- ------ 27.6'46". 
292 8 58 333 5 67 305 2 28 238 2 22 200 1 28 425 1 41 225 1 75 300 1 78 375 25'-22.5'. 
292 1 10 325 4 47 281 7 48 307 2 46 312 2 37 212 2 60 560 3 22 317 2 66 312 22.5"-20°. 
325 4 34 288 3 44 384 0 37 275 4 27 332 6 28 316 3 15 350 1 52 225 4 30 312 20°-17.50. 
320 4 13 281 7 14 304 7 22 296 6 15 254 3 30 225 _ _ _ _  _ _ _ _ _  __-.-- 2 34 262 1 43 600 17.5'-15'. 
475 1 4 325 1 8 275 1 52 375 7 21 296 4 22 344 3 19 292 ---- ----- ------ 2 29 212 15°-12.50. 

. _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ , _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  3 32 282 1 42 275 3 25 275 3 21 284 12.5°-100. 

134 
350 
110 
72 
113 
134 
84 
32 
20 
13 
7 

_ _ _ _  _ _  _ _ _ _  __ -__  _ _ _ _ _ _  1 167 350 _ _ _ .  
375 1 67 450 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  
175 4 128 608 1 73 400 1 
650 3 150 325 3 139 258 3 
333 4 59 331 4 101 450 2 
525 3 69 417 2 116 300 4 
400 1 00 225 1 80 375 2 
525 _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  2 88 425 1 
375 2 27 312 3 49 I 358 2 
308 2 22 300 1 28 300 6 
300 2 8 288 4 10 306 4 
350 _ _ _ _  _ _ _ _ _  _ _  _ _ _ _  _ _ _ _  _ _  _ _ _  _ _ _ _ _ _  1 
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THE TWO PRINCIPAL REGIONS WHERE TROPICAL CYOLONES 
DEVELOP I N  THE NORTH ATLANTIC OCEAN 

Cyclonic disturbances ap arently do not develop 

deflective force of the earth's rotation can not be effec- 
tive in ori 'nating a vortex on or near the Equator. 

Ocean no evidence was found of any that originated 
south of 9' north latitude. Other conditions being equal, 
the farther removed from the Equator a region is the 
more likely i t  is that a cyclonic storm will develop there. 
It is general1 agreed b meteorologists that high tem- 

tial, in the development and maintenance of a tropi- 
cal cyclone. Both of these requirements are fully met 

within several degrees of t 1 e Equator, because 'the 

In this stu f y of tropical cyclones in the North Atlantic 

perature and Ii gh humic& are favorable to, if not essen- 

In  June the doldrums in the longitude of the Cape Verde 
Islands are in about 8" to 9' north htitude. Iiurricanes 
never develop in the eastern Atlantic Ocean during that 
month. In  August and September the doldrums in 
this longitude are about 12" to 1 3 O  north of the Equator. 
In  these months practically all of the tropical storms 
of this region develop. 

The least difference between the dry-bulb and the wet- 
bulb readings, hence the highest humidity, of the whole 

ear in this locality occurs in August, and the average 
force and direction of the wind is nearly the same as 
in September. Therefore, if i t  be true that moisture 
is essential to the development of tropical cyclones we 
should expect a reater number of such storms to  develop 
here in August t t an  in any other month. The maximum 

FIG. 22.-Average wind direction and velocity by Beaufort S d e  for each 1' square over eastern Atlantic, June 

in the doldrums, which is the region over the ocean 
between the system of northeast trade winds of the 
northern hemisphere and the southeast trade winds of 
the southern hemisphere. When the belt of doldrums 
shifts sufficiently far to the north, the southeast trade 
winds chan e their direction, due to the deflective force 
of the eart % 's rotation, and become southwest winds 
when more than about 5' north of the Equator. 

Fi ures 22 and 23 are reproduced from Bulletin No. 

the average wind direction and force for each 1' square 
over the ocean between latitudes 0' and 25' N. and 
lon itudes 0" and 40" W. for the months of June and Sep- 
tem % er, respectively. These months were selected be- 
cause the first is the beginning of the so-called hurricane 
season and the second when the season is a t  its height. 

95 o B the Dutch Meteorological Institute. "hey show 

number does occur in' August, although several storms 
have developed here during the first half of September, 
when, no doubt, the humidity is about the same as in 
the revious month. d w ,  whether any one theory or a combination of 
various theories, however named (thermal, convection& 
dynamical, counter current), of the origin of t r o p i d  
cyclones is correct, the causative conditions seem $0 
exist in the highest degree in the region immediatelY 
south of the Cape Verde Islands during Au ust and the 
first half of September and there in no ot a er months, 
unless decidedly abnormal condj tions prevail. 

In the Dublication "Remarks to AccomDanv Monthly 
Charts ofLMeteorological Data for Square 5," - i'z issuedJY 

11 Square 8 is that part of the Atlantic that extends from the Equator to 10' North 
latitude and from 20" to 30' West longitude. The ublication reforred to Was pre- 
pared under the direction of Capt. Henry Toynbee.-Ed. 
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the Meteorological Office, London, in 1874, the folIowing 
appears in regard to the weather conditions over the 
region referred to above: 

The strong southwesterly gales experienced between 9' and 10' 
N., considered in connection with the strong northeast winds 
between 16' and 20' N., in August seem to indicate that the breed- 
ing place of the West Indian hurricanes lies between them. * * * 

The doldrums are nearer the Equator west of longitude 
30' W., and do not occur at  all in the eastern two-thirds 
of the Caribbean Sea. Hence tropical cyclones rarely 
develo over the Atlantic west of longitude 30" W., and never 

78' W. Inasmuch as the doldrums in the Atlantic 8cean 
are always north of the Equator, no hurricanes should he 
expected in the South Atlantic Ocean, and none occurs. 

over t 7Y e portion of the Caribbean Sea east of about Jon itude 

able influence on the course of hurricanes. I n  Weather 
Bureau Bulletin A, Summar of International Meteoro- 
logical Observations, 1893, t l e following is found: 

* * * Some of the more important storms that  originate 
near the West Xndies do not recurve to  the northward, but move 
westward over the Gulf of Mexico and dissipate over Mexico or 
the southwestern States. In  such cases high barometric pressure 
to  the northward apparently prevents a recurve. 

No attem t was made to explain just how high pressure 

hurricanes. It is well understood that no tropical cyclone 
will recurve in the Atlantic Ocean or the Caribbean Sea 
so lon astthe more or less permanent anticyclone that 

ward over Bermuda to the coast of the United States 

to  the nort E ward does at  times prevent the recurve of 

exten c f  s from the vicinity of the Azores west-southwest- 

FIG.  23.--hv~rage wind diroctfon and velocity, Beaufort scale, for each 1' square over the Atlantic, September 

Over the western third of the Caribbean Sea, especially 
in the region a short distance north of the Isthmus of 
Panama, n beIt of doldrups appears at  times, especially 
at the beginnin and near the end of the hurricane season. 

Isthmus of Panama, as shown by Figure 24, and which 
has shifted northward beyond latitude 10' N. Thus con- 
ditions in the western Caribbean Sea at  these times be- 
comes as favorable for the development of a c clonic dis- 

Verde Islands in the months of August and September. 

uite like 7 y, is the extreme eastern end of the Pa- 

turbance as they are in the region south o 9 the Cape 

cific This, be 4 t of doldrums, which is usually just south of the 

"E I N F L U E N C E  O F  A N T I C Y C L O N E S  O N  THE D I R E C T I O N  OF 
MOVEMENT OF TEOPICAL UYCLONES 

It has been recognized for many years that anticy- 
clones (the HIGHS of the weather map) exercise consider- 

persists; it will be car+d along in the general drift of the 
atmosphere at  the higher levels, sa from 3 to 5 kilo- 
meters above the surface, and it wi8 skirt the southern 
ed e of this anticyclone and recurve to the northward 

The earlier forecasters of the Weather Bureau were 
doubtless aware of the fact that an anticyclone moving 
eastward or southeastward across the United States, SO 
timed as to lie athwart the path of a tropical cyclone 
advancing from lower latitudes, would revent the latter 
from moving north or northeast, but litt P e or no discussion 
has appeared in print. The late E. B. Garriott, who 
prepared the toxt of Weather Bureau Bulletin A Is under 
the direction of Major (now General) Dunwoody has 
discussed the subject in an un ublished manuscript, and 
more recen tly Bowie 14 sti*esse $ the controlling influence 

an 5 northeastward around tho western end of it. 

18 Loc. cit. i t  E .  H. iowie: MO. WEAFHSX REV. 50:173-17@, 
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of anticyclones and gave exam les of their effect in pre- 
venting the recurve of tropica P storms, as shown in the 
following extended excerpt from his paper: 

* * * It is a generally recognized principle in weather fore- 
casting that  in the Northern Hemisphere a cyclone moves so as to  
keep the area of high barometer to  the right of its course. I n  
what has been said concerning the influence of anticyclones in 
determining the course or path of a cyclone or hurricane, I believe 
it should be understood that the writers had in mind the currents 
of air associated with anticyclones and not the actual differences 
in  barometric pressure from cyclone center to  anticyclone center. * * * It is, too, generally recognized that  the position of an 
anticyclone in relation to  the cyclone has a decided bearing not 
only on the direction of movement but also on the speed of move- 
ment of thecyclone. * * * 

There are printed in connection with this paper Figures 25-32, 
showing the general distribution of pressure attending the move- 
ment of the hurricane of August 14 to  17, 1915, across the Gulf 
of Mexico. It will be noted that  the regions of barometric pressure 
above 30 inches have been shaded to emphasize the relation of the 
anticyclone to the course of the hurricane. It will also be observed 
that  the path followed by the center of the hurricane was such that 
high barometric pressure was always to  the right of the course of 
the hurricane center followed on any given day. This hurricane 
was one of unusual intensity during the time it was crossing the 
Gulf of Mexico, but after crossing the coast line into the interior of 
Texas its intensity and speed of progression diminished quite 
rapidly. A further inspection of these charts will show that the 
center of the hurricane was always on the border of the area of high 
barometric pressure to the northward, and that  as the position of 
the  center of the anticyclone and the general trend of its system of 
isobars changed these changes were followed by the course of the 
hurricane. * * * 

There are also printed in connection with this paper Figures 
33-40 of the hurricane of September 7-14, 1919, and Figures 41-44 
of the hurricane of September 25-28, 1917. Both of these hurri- 
canes were of marked intensity. It will be observed that a recon- 
struction of the isobars in the immediate vicinity of the hurricane 
on each of these charts-has been attempted-i. e., dotted isobars 
have been drawn to indicate the probable trend of the isobars had 
the hurricane not been in existence. Long, heavy arrows, marked 
A, indicate the probable direction of the major wind system along 
the reconstructed or hypothetical isobars to  the northward of the 
hurricane center. The inner closed isobar indicates the position 
of the hurricane, and the small arrow with broken shaft indicates 
the movement of the hurricane center in successive periods of 24 
hours in the case of the 1919 hurricane and 12 hours in the case of 
the faster moving hurricane of 1917. 

At the time of the occurrence of the hurricane of September, 
1919, pilot-balloon stations for making upper-air observations of 
the direction and speed of the wind were in operation at a few 
points in the South Atlantic and Gulf States. he wind directions 
observed in the free air above these stations are indicated, marked 
B on these charts. The base arrow indicates the surface direction, 
the second arrow the direction of the wind at the 1,000-meter level, 
the third arrow the direction at the 2,000-meter level, and so on to 
the 4,000-meter level, if that was reached. It will be noted that  
these upper-air wind directions conform to the hypothetical direc- 
tions of the wind when they are shown for the same regions. * * * Here we have the turning to  the right as height increases; 
it seems probable that  between 3,000 and 4,000 meters in the right 
front will be found the wind system that corresponds with the 
direction of advance of the hurricane center. * * * NOW, reverting to  the statements made concerning the 
endless variety of shapes of hurricane tracks and their seeming 
disregard of all physical laws, it would appear that  these tracks are 
not haphazard, but  conform to  the changes that  take place in the 
positions and ma itudes of the anticyclones and their attendant 
wind systems. g n c e  the endless variety of tracks is but a reflec- 
tion of the endless variety of the changes in the isobaric systems of 
these anticyclones at the times the hurricanes were in progress. 

Figure 45, showing the depression of the barometer as 
recorded by barographs in or near the center of a number 
of tropical c clones, is here inserted. It will be referrsd 
to later in t i': e text. 

One of the best examples of the predominant influence 
of migrating anticyclones on the movement of a tropical 
cyclone is furnished by the abnormal track of the hurri- 
cane of October 12-21, 1910. (See figs. 46-63.) This 
hurricane originated in about latitude 13' N. and longi- 
tude 81' W. on the 11th and moved north-northwestward 

with normal speed until the night of the 14th-l5th, when 
its northward progress was barred and its path deflected 
to the westward b the easterly winds at the intermediate 

cyclone that moved southeastward from western Ontario 
to the vicinity of Bermuda during the 12th-14th. It is 
only when the anticyclone controls the circulation up 
through a considerable distance, say, 3,000 or 4,000 meters 
at  least, that it can change the course of a cyclone. By 
the morning of the 15th the anticyclone over Bermuda 
had weakened, but another, of wide extent, was central 
over Kansas, with increasin pressure, and moving south- 

anticyclone also controlled the circulation u to a con- 
siderable height as far as the southeastern Gul f of Mexico. 
The north or northeast winds over this region actually 
carried the hurricane, with its gyrating winds of tre- 
mendous strength, southwestward and then southward 
for about 24 hours. At the end of this time the anti- 
cyclone begaq to move rapidly east-northeastward. I ts  
influence waned in the vicinity of the hurricane which 
was then centered near the western end of Cuba, and 
southwest winds then set in aloft, later changin to south- 
southwest as the ressure a ain increased from t 7l e vicinity 
of Bermuda, sout 1 ward. t h e  hurricane, carried along in 
the general drift, reached the Georgia coast 'by the morn- 
ing of the 19th. The anticyclone riow moved eastward 
from off the New England coast, and the hurricane moved 
northeastward along the coast, later partially merging 
with a trou h of low pressure that advanced rapid1 east- 

to the Atlantic States. 
If the anticyclone from the Northwestern States had 

been the only one to influence the course of the hurricane 
just described, its effect on the - 
a strong anticyclone over the Middle and North Atlantic 
States and the St. Lawrence Valle had on that of tho 
hurricane of late October, 1921. &,e fig. 7.) Bowie l6 
in describing this tropical storm says: 

*' * * Up to  the time the storm passed inland near Tampa, 
Fla., the track may be regarded as normal; after that time, de- 
cidedly abnormal, the change from normal to  abnormal being 
brought about by the southward flowing air from an extensive 
area of high pressure which moved southward from the Hudson 
Bay during the 25th to  28th. This southward flowing air stream 
controlled the movement of all pilot balloons released at pilot- 
balloon stations in the Atlantic States north of Florida during thls 
period. This but confirms the opinion of the writer and others 
that the winds flowing out from and around anticyclones very 

The anticyclone referred to immediately above remained 
almost stationmy for several days, but its influonce ex- 
tended southeastward t o  Bermuda, where there was & 
marked increase in pressure during the 26th-27th. Later 
reports by mail from vessels in the vicinity of the hum- 
cane's ath showed that the stbrm moved east-southeask 
ward a ter leaving the Florida coast (the on1 instance of 
the kind of which we have record) until the ongitude of 
Bermuda was reached, after which i t  moved due eastward 
for a day, then ra idly northeastward, partially merging 
with an extensive ow- ressure area that remained almost 

lon itudes 40' to 50" W. 
dwing to the po!ition and movement of two anti- 

cyclones that materially affected its course, the storm 
of October 2-11, 1913 (see figs. 54 to 65), moved in ,a 
decidedly abnormal path; in fact for a few days I t  

levels, which win B s, in turn, were controlled by an anti- 

eastward toward the mout % of the Rio Grande. This 

ward over t % e Lake region and the Great Central + alleys 

sumably would have been somew K at similar to the e ire ect 
ath of this storm 

determine the movement of tropical cyclones. 

s F 

stationary for several Pg ays in latitudes 30" to 55' N. and 

_____-___ 
11 E. H. Bowie: Mo. WEATHER REV., October, 1921, 49: 687. 
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moved southwestward, which is directly opposite to the 
normal ath of storms in this region. Beoause of lack 

was not discovered until October 6, two days before i t  
moved inland in the vicinity of Charleston, S. C. At that 
time i t  was thought to be a cyclone of tropical oriqin; 
however, the complete meteorological charts of the 
North Atlantic Ocean showed otherwise-viz, that it was 
a secondary disturbance that developed on October 2 off 
the southern New England coast in connection with a 
barometric de ression that moved eastward over the Lake 

slow1 southeastward for 24 hours, after which there was 
very h t l e  wind velocity aloft for two days. During this 
period the center of the storm moved ver 

distance to the northeastward but in the same general 
storm area. This disturbance evidently develo ed in a 
region where there were southwesterly winds alo P t and it 
therefore moved off to the northeast between an anti- 
cyclone that was moving southeastward from Newfound- 
land toward the Azores and another that was moving 
northeastward from the middle Mississi pi Valley to the 
North Atlantic States. Immediately fol il owing the north- 
eastward movement of this disturbance the anticyclone 
over the Atlantic Ocean chan ed its course and 

westward for several hundred miles. (See fi . 65.) 
Pressure gradually increased for a considerable &stance 
above the surface over the area between the two anti- 
cyclones (which merged), and soon the winds aloft set 
in from the northeast, carrying the secondary dis- 
turbance referred to toward the southwest. When its 
center was almost due east of Charleston, the wind aloft 
shifted to easterl and later to southeasterly, as indicated 

line while moving in a northwesterl direction. It 

storm of which record could be found pursued a 
that even remotely resembled that of this cyclone, w ich 
at times reached almost hurricane intensity. 

The details of the movements of this storm have been 
thvs emphasized because the storm has been plotted as 
having moved very ra idly northeastward to latitude 
46" N., longitude 44O #., by October 11, and later as 
having pursued an extremely devious course across 
the Atlantic. (See McAdie in Geographical Review, 
10: 39-39, and Shaw, Manual of Meteorology, Part 
IV. frontpiece, with reference to McAdie.', Accord- 

of vesse 'p reports by radio the presence of this storm 

region, and t ?l at northwesterly winds aloft carried it 

ward. Meanwhile another disturbance 9 ormed a short 

started to move southwestward, f ater moving directly 

by the weather c z arts, so that the storm reached the coast 

lgth 
rapidly lost intensity after moving in 7 and. No other 

Gulf coast, and it had increased materially over the 
Atlantic States north of Florida. This anticyclone con- 
trolled the wind circulation to a considerable hei ht, so 
that northeast winds set in aloft over the Gulf of fiexico, 
carryin the tropical storm to the southwestward after it 

peche. It moved inland over the Mexican coast in the 
vicinity of Frontera on the 21st and apparently dissipated 
shortly thereafter. 

Coronas observed a similar abnormal movement of a 
few typhoons in the Far East. He says: le 

Concerning the direction of the Christmas typhoon of 1918; as 
announced by the Manila Observatory, the writer remembers a 
few cases in which he found it very hard to persuade some other- 
wise well experienced mariners that  typhoons inclining west- 
southwest or southwest, whether inland or,in the open sea, were 
not an impossibility, but real facts which no one could reasonably 
deny. * * * 

moved f rom the Yucatan Peninsula to the Bay of Cam- 

direction of its course chan ed from northeasterly to 
during the 16th. $wing the 13th-17th an 

anticyc one moved rapidly east-southeastward from the 
Canadian northwest to latitude 40" N. and longitude 40' 
W. On the latter date the hurricane was central direct1 
southeast of the crest of the anticyclone and near enoug 
so that the winds aloft evidently changed to northeast, 
carrying the hurricane toward the southwest for two days. 
By this time the crest of the anticyclone was midwa 
between the Azores and Portugal, and the general dri 9 t 
changed from northeast to  east, and by the 20th to south- 
east. After this date the anticyclone moved slowly 
northwestward for a day or two, then it advanced rapidly 
east-northeastward to northern France. The kropical 
cyclone recurved to the northeastward early on the 22d, 
when it entered the region of southwesterly winds that 
nearly always prevail to the west and northwest of an 
anticyclone, and moved rapidly northeastward, passing 
north of Scotland on the 24th. 

t 

a progress northeastward was" impossible on acbount 
of the extensive antic clone above referred to. 

The hurricane of 6ctober 14-21, 1922 (see fig. S), 
which develo ed a short distance southwest of Jamaica 

18th, not only did not recurve to the north and north- 
east, but it actually moved southwestward after passing 
westward over the Yucatan Peninsula. No other storm 
pursued a similar course during the 37-year period 1887- 
1923, inclusive. 

On the 15th an antic clone appeared over the far north- 

slope of the Rocky hountains and the Plains States. By 
the morning of the 18th, when the hurricane had just 
reached the Yucatan Peninsula, this anticyclone had ex- 
tended to the west Gulf coast with its crest over OkIa- 
homa. On the 19th pressure remained high to the west 

and moved s P owly west-northwestward during the 14th- 

west and moved ra id i y southeastward over the eastern 

(figs. 46-53), the turning is always to the le$. The ex- 
lanation that follows gives the reasons, as understood 

f y  the author, for tbs turning to the left and also for 
the absence of tufning in the op;posite sense, at  least 
south of north latitudes 30' to 35 . 

If a cyclone is traveling toward the north or the north- 
east in a southerly or southwesterly current aloft and its 
progress is blocked by an anticyclone, one of the follow- 
ing things will. happen: (1) The northeast or east winds 
out of the anticyclone will cause the cyclone to turn to 
the west or the southwest, after which its course is 
dependent upon the further behavior of the anticyclone. 
If it moves to the eastward, the cyclone will soon turn 
to the northwest and later resume its interrupted north- 
eastward advance in the southwesterly winds aloft west 

16 Rev. Jose Coronas, 9. J.: The "Quantico" typhoon, Nuhre, London, Bept. 26. 
1919, p. 70. 



CORRECTION 

The mont~hs named in titles of Figs. 66 ;tiid GBa should 
he exchanged; Fig. GG refers to September, 1R00, and GGn 
to August, 1893. 





R E E N L A N D  *-- 

I 

B -  i 

3, Sep Iber, 1900 

I I 
20 10 0 10 

I I 



*WEST INDIAN HURRICANES 31 

of the anticyclone. If the latter remains stationary for 
some time, the cyclone will be driven farther to the 
southwest and ma then enter a region of wester1 or 

the influence of the anticyclone. When the latter 
finally moves off, the cyclone will move northeastward, its 
track meanwhile having described a loop to the left. If 
the anticyclone persists long enouo.h, the cyclone will 

(2) If the anticyJone is extensive and 
f$s to t%e north and northwest of the cyclone, rather 
than bo the northeast and north, the winds aloft are 
likely to be from a point west of north, consequently 
deflecting the cyclone to the east instead of to the west 
and causing i t  to move in a direction south of east until 
it  gets away from the influence of the anticyclone of 
the type described-a slow-moving one. Later on the 
cyclone moves northeastward, as in the case of the 
hurricane of late October, 1921, after it left the Florida 

eninsula. In  order to  cause a cyclone to complete a 
foop to the right after being deflected to the southeast, 
it would be necessary for the anticyclone to outrun the 
cyclone and to move southeastward and southward 
after reaching a position northeast of the cyclone's 
center, thus causin the general drift aloft in the vicinit 

north, northeast, east, and southeast to south. How- 
ever, this, i t  is thought, can never occur south of about 
latitude 30' N., inasmuch as the anticyclone that origi- 
nally causes the deflection to the southeast is a-slow- 
moving one, making it impossible for it  to move in the 
manner indicated as <necessary to  cause a right-hand 
loop in the track of the cyclone. 

DETAILED DESCRIPTIONS OF CERTAIN HURRICANES IN 

southwesterly win B s aloft when far enough away F rom 

aduall fill up. 

K of the latter to c a ange from the northwest throug 

EACH OF THE MONTHS, JUNE TO NOVEMBER. 

June hurricanes.-Five tropical cyclones reached the 
Gulf coast in June during the period 1887-1923, in- 
clusive. Of these that of June 15-23,1921, was probably 
the most severe. 

The ori in and path of this disturbance is graphicall 
shown in t%e set of eight individual charts. (Fi s. 67-74J 
Information as to its intensity during the ear f y days of 
Its course is lacking. However, a radio report from 
latitude 26' 30' N., longitude 95' W., at  10 p. m. of 
the 21st showed a barometric pressure of 29.28 inches 
and a wind velocity of 78 miles per hour from the south- 
east. The storm moved inland in the vicinity of Mata- 
gorda Bay about noon of the 22d and continued to move 
as shown in the last of the series of charts. (Fig. 74.) 

The maximum wind velocity on the Texas coast in 
connection with this storm was 68 miles er hour from 
the northeast at  Corpus Christi Tex. $urthor details 
of this storm will be found in tke MONTHLY WEATHER 
REVIEW, June, 1921, 49: 364. 

July hurricanes.-The most severe July hurricane of 
the Gulf of Mexico was .that of June 29-July 5, 1916, 
Whose track and the dXdy weather charts for the dates 
July 2-5 are presented in Fi ures 75-78. The fist evi- 

latitude 11", west longitude 81'. It moved thence., as 
shown, steadily northwestward, reaching the Mississippi 
coast six days later. It did not recurve until central 
&wissippi was reached on the 7th. 

This storm was encountered by the U. S. Coast Guard 
Cutter ltaska on the 3d, about 25 miles south of Cape 
san Antonio, 8s a whole gale from the east. At 2 p. m. 
of the 4th the S. S. Monferey experienced a whole gale 
from the southeast with a barometer reading of 29.40 

dence of the formation of t % is storm came from north 

inches about latitude 22'43' N., lon itude 85' 58' W., 

Bureau to remain in port until further advices. This 
assed inland at  Mobile, Ala., during the after- 

miles per hour from the east, the highest velocity ever 
recorded at  the station. 

Several people lost their lives, and a propeSty loss 
aggregating several millions of dollars was sustamed by 
the cities of Mobile and Pensacoh. Further details of 
this storm Will be found in the MONTHLY WEATHER 
REVIEW, July, 191.6, 44: 396-39s. 

August hUr?.'kanes.-One of the most severe hurricanes 
that has ever visited the Gulf of Mexico- was that of 
August 10-24, 1915. This storm apparently had its 
origin in the vicinity of the Cape Verde Islands about 
August5; it moved thence due west for several days, 
appearlnaeast of Guadalupe, West Indies, on the 10th; 
its ath t ence to the place of its disappearance is shown 

The entrance of this storm into the Caribbean was in- 
dicated by a barometer reading of 29.46 inches a t  Roseau, 
Dominica, and a maximum wind velocity of 45 miles per 
hour at  Basseterre, St. Eitts, on the 10th. As the cen- 
ter passed to the westward some distance south of San 
Juan, P. R., a maximum wind of 60 miles per hour north- 
east was registered a t  that station. In  its course past 
Jamaica durin the night of the 12thL13th a whole gale 

morning of the 13th. Continuing to the northwest, the 
vortex of the storm passed very close to the extreme 
western tip of Cuba a t  2 p. m. of the 14th. 

The barometer at  Cape San Antonio, Cuba, at  9 a..m. 
of that date registered 29.39 inches, with a northeast mnd 
of hurricane force; at  11:30 a. m. of the same date the 
building a t  Cape San Antonio in which the barometer 
was housed was blown down and the instrument broken. 
Later an aneroid that had been constructed to read down 
to only 27 inches was put into use, the observer report- 
ing that the pointer reached the lower limit of the scale- 
27 inches-at 2 p. m. Means of determining the cor- 
rectness of that reading are not at  hand. The steel wire- 
less tower, the lighthouse, and every house in. the village 
of Cape San Antonio were blown down and the debris 
scattered for miles. 

The storm continued its northwestward movement 
across the Gulf of Mexico at  the rate of about 375 miles a 
day. Its close approach to  the coast was indicated by 
the Galveston observation of 8 p. m. of the 16th-viz, a 
barometer reading of 29.10 inches and a northeast wind 
of 72 miles per hour. The storm passed inland the next 
da attended by a minimum pressure of 28.63 inches a t  
Ga s veston and 28.20 inches a t  Houston, The latter sta- 
tion is about 35 miles inland and almdst due north of 
Galveston. The maximum wind velocity a t  Galveston 
was 93 miles per hour east and at  Houston 80 miles per 
hour northeast (estimated). 

At Velasco, Tex., about 40 miles southwest of Gdves- 
ton and about 14 miles southwest of San Luis Pass, 
where the storm center reached the coast, the bammeter 
read 28.06 inches at  1 a. m. At a point 5 miles northeast 
of Sandy Point there w4s a calm lasting.20 minutes. As 
the time consumed by the storm center In traveling from 
the coast to the vicinity of Houston, a distance of about 
60 miles along the curved path, was very nearly 4 hours, 
or a t  the rate of approximately 15 miles an hour, and the 
diameter of the vortex was 5 miles. Examination of the 
barogram for Houston (fig. 45) shows that that station 
was under the influence of the storm a t  least 36 hours. 

whereupon Gulf shipping was advise % by the Weather 

noon storm o F the 5th, with a recorded wind velocity of 107 

by $ igures 25-32. 

from the sout B east was recorded at  Kingston on the 
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The rate of movement of the storm at that time being 
15 miles er hour, an area about 540 miles in diameter 

Further details as to this very destructive storm will be 
found in the MONTHLY WEATHER REVIEW, August, 1915, 
43: 405412. 

September 7~urricanes.Sep tember 22-30,1915.-Within 
a little less than six weeks a second unusually severe 
hurricane crossed tho Gulf of Mexico and advanced 
north-northeast to the St. Lawrence Valley. 

This disturbance began as a storm of minor intensity in 
the vicinity of the island of Martinique, moved thence 
westward over the Caribbean, and then northwestward 
through the Yucatan Channel, greatly increasing in 
intensity and striking the Louisiana coast between the 
mouth of the Mississippi and Atchafalaya Bay. (See 

The S. S. Hermione a t  530  a. m. of the 29th in latitude 
27’ 45‘ N., longitude 90’ W., barometer 27.61 inches and 
n gale from the north, ex erienced diminishing northerly 

steamer was assin through the center of the storm. 

inches a t  7 a. m. of the 29th to 28.11 inches at  5:50 p. m., 
this being the lowest pressure ever observed a t  a Weather 
Bureau station. A trace of the barogra h corrected and 
reduced to sea level from observed reafings of the mer- 
curial barometer is reproduced in Fi ure 45. The max- 
imum wind velocity of 8G miles an a our at  5:11 p. m. 
was 20 miles in excess of the next highest velocity ever 
recorded at New Orleans. The extreme velocit was at 
the rate of 130 miles an hour dt 4:58 p. m. I t  Burr- 
wood, La., at  the mouth of the Mississippi, with practi- 
cally a water surface exposure, the maximum wind 
velocity was 124 miles an hour a t  3:40 p. m. and the 
extreme velocity 140 miles an hour a t  3:45 
the highest wind velocity ever recorded on t i o  Gulf coast. 

From a study of the instrumontal records a t  New 
Orleans and Burrwood and the detailed special reports 
From cooperativo observers at  stations in the arm aflected 
b the hurricane, the district forecaster at New Orleans, dr. I. M. Cline, found that in the eastern or right-hand 
segment of the hurricane the hi hest velocities in this 
storm occurred with the change K roin easterly t80 south- 
easterly winds, probably coincident with the passage 
of tho hurricane center. Tho records at  Now Orloans and 
Burrwood showed this ositively. In tho wostern or left- 

wind was between north and northwest and changing 
toward thc west. At Now Orloans whon tho wind direr- 
tion changed from southeast to south thc velocity fell of€ 
to 50 per cent of what It had h e n  with the same barornrt- 
ric radient when the Giroction was from tho northeast 
to t B e southeast, inclusive. A similar docreaso in vcloc- 
ity was reported to have taken place in tho western or 
left-hand segment of the hurricane when the wind shifted 
from northwest to west and southwest. The greater 
part of this difference in velocity is accounted for by 
the rogressive movement of the hurricane (12 milos an 
h?J, which increased the gradient wind by about 12 
lniles an hour in the front segment and diminished it bp 
the same amount jn the rear segment of tho cyclonic area. 

The hurricane of September I S ,  1876.-The followin 
hitherto unpublishod (at least in English) descri tion o 
tho hurricane that crossed the island of Porto k c o  on 
September 13, 1876,’‘ is unusually com lete. Thc 
account was written by Leonard0 De Teja B o and was 

came wit E in tho influence of tho storm as i t  progressed. 

figs. 79-86.) 

winds followed by a gale F rom the south. Evidently the 

At New Or f a  eans t e barometer fell rapidly from 29.54 

f ‘  This is 

hand segment the hig E est velocities occurrcd when the 

% 

l7 This report is prlblkhed for its historical VdUe rather than for its bowing upon the 
discusston in tills ptipor.-Xditor. 

translated by a lieutenant (name unkbown) of the 
United States Arm and fled as a “voluntary report” 
in the office of the h i e f  Signal’Officer in 1877. 

* * * In  the days previous to the passage of tho cyclone thc 
barometer followed its regular oscillations without announcing 
the passage of so terrible a meteor. The barometric column 
kept at its ordinary altitude for that time and for that region of 
the globe, 0f;cillating between 757 mm. and 760 xnm. On the 12th 
a marked rise took place, reaching at 10 a. m. 761.45 mm., this 
altitude being the greatest observed in the month of September. 
At 4 p. m. the barometer stood a t  759.55 mm., remaining stationary 
from that hour until 12 a t  night. Earlv in the afternoon of the 
12th a telegram was received from St. Thomas announcing that 
the barometer was rapidly falling there and that, according to 
information from the island of St. Kitts, a fierce storm was raging 
there, with signs of being a hurricane. 

As we have said, in Porto Bico the barometer as yet announced 
no change, and, on the contrary, that morning there had been a 
great rise, undoubtedly, due to the want of equilibrium (disturbed 
equilibrium) that the approaching hurricane produced in the 
adjacent atmospheric strata. 

As to the state of the atmosphere on the 12t11, it suffices in 
examining It to understand that some premonitions were shown 
in it, it being easy to  notice the signs that are considered as fore- 
shadowing a hurricane. The heat was sultry; there was a period 
of absolute calm, not changing for the least breath of air, which 
is not frequent in this climate, where a breeze is always felt. The 
air seemed less transparent and more dense and heavy than usual 
and did not permit objects at some distancc to  be distinguished 
without some confusion, or as twisted (distorted) by a kind of 
vapor or mist. The weather showed what the sailors call an 
“ugly look” (feo cariz), which was the more marked when the 
sun placed itself between clouds of a red and coppery color, which 
gave to the atmosphere a peculiar and imposing tint. 

In  the afternoon of the 12th some cirro-stratus clouds appeared 
and during this time there crossed at quite an altitude near the 
horizon from northeast to southwest light isolated scud moving 
with a great velocity as contrasted with the calm yet felt in the 
lower strata of air, and which showed that the disturbance pro- 
duced bay the approach of the meteor was already evident in the 
upper air. 

The wind, which, on previous days had blown constantly from 
the southeast, shifted to northeast at 1 p. rn. of the 12th. From 
sunset of this day until 4 a. m. of the 13th violent gusts from the 
northeast, accompanied by fierce squalls, succeeded uninterruptedly 
when the hurricane unrolled (developed) in all its violence. At  
this hour the barometer marked 755.60 mm and from then con- 
tinued falling very rapidly until at 8:30 a. m.’k was a t  742.65 mm., 
the least altitude observed at this capital (San Juan) during the 
passage of the cyclone. From that hour the barometer began to 
rise rapidly. 

On the day preceding and o? the day following the storm 
cirrus clouds were observed, which are considered as one of the 
characteristic signs accompanying these metpors. 

The thermometer, which on days preceding the 13th of Sep- 
tember, ordinarily indicated temperatures of 28’ or 30° centigrade, 
]lad on that day a marked fall showing at 9 a. m. 24’. 

Tlle wind, which was, as we have said, southeast on the previous 
days aud which changed to the northeast in the afternoon of the 
12t,h, continued blowing ffom that direction during the first 
hours of the hurricane, shdtmg then and successively to east- 
northeast, east, east-southeast, southeast, and south-southeast, 
wllere it terminated. The velocity of the wind increased from 
the, afternoon of the 12th until 8:30 a. m. of the 13th, when it 
reached its greatest force. According to the indications of the 
anemometer, the mean velocity at that hour was more than 100 
kilometers per hour, and some gusts or squalls were observed when 
the velocity reached 130 kilometers. 

During the passage of the storm, the clouds, ver?. low and 
nearly gra?ing the roofs of the houses, moved with great velocity, 
and the rain was so heavy that the horizon was limited at a dis- 
tance of a few meters. Lightning, with a pale and yellow light, 
and thunder that the din of the wind scarcely allowed to be heard, 
accompanied the meteor. The rainfall of the hurricane, as Indl- 
cated by the pluviometer, was 120 millimeters. 

Before continuing the description of the hrirricane of the 13th 
of September, we will take the opportunity to make a rBsum6 of 
the data that we have beell able to obtain relative to the baro- 
metric oscillations and changes of wind observed ddriiig its PasW3e 
in distant localities, as well as the hour of the greatest intensity 
of the hurricane; naming separately the localities which were to 
the north and to the south of its trajectory. 

We have also believed it convenient to include a statement Of 
some observations verified in the ‘ I  Jefaltura de Obras Publicae” 
(Bureau of Public Works). 
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St. Kit is...-. ... 
St. Thomas.. _ _ _  
Vieques ......... 
Jlimiacao ....... 

SUPPLEMENT NO. 24 

Mm. 
18 ............................. 8:30 p. m., 12th .... 
16 ne., e., ne. (1) _ _ _  _ _ _ _ _ _ _ _ _ _ _  4 a. in., 13th _____. - 
16 me. ,  ne., calm, se., sse ...... 6 a. m., 13th.. ..... Focus of 

vortex. 
25 n., ne., calm, se., sse ........ 7 a. m., 13th ....... C'ttlni of 20 

minutes. 

Observations referring to localities which were north of the trajectory 

nw., w., sw., s - -  
nw., w., sw., s ............. 
nw., w., sw ................ 
nw., w., sw., ssw. - ~ ~ - - - _ _  

intensity 

Extent 

Localities I IIIJ:~ 1 Changes $ idpct ion of 
osoilla- 

.............................. 
7:'W a. m., 13th .... 
7:30 a. m., 13th. .. - 1  
7:30 a. m., 13th .___I 

108.111 .................. 
l p . m  ................... 
4 p . m  ................... 
12p.m ................. 
4 a . m  ................... 
68.m-..  ................ 
6 8 . m  ................... 
7 8.m ................... 
8a. m.. ................. 
%e.m---.-- ........... 
9 8 . m  ................... 
Q % a . m  ................. 
9x8 .m.. . . .  ............ 
10a.m .................. 
l o%a .~n-* - -  ............ 
11 8 . m  .................. 
12m .................... 
1 p . m  ................... 
2 p . m  ................... 
3 p . m  ................... 
4p.m. .  ................. 
6 p . m  ................... 
10p.m .................. 
10a.m .................. 

18 
16 
17 
17 
20 
17 
17 
17 

17 

n., ne., e, se., %e.-.. ........ 
Me., ne., e., se., sse ........ 
ne., e., se., sse- - ~ - - _ _  - - - _ _ _ _  
ne., e., ese., se., sse _ _ _ _ _ _ _ _ _  
n., ne., e., ese., se .......... 
ne., ene., e. ese., sse ........ 
n., nne., ne., e., se., sse., s---  
ne., calm, sw-. - ~ ~ - - - - ~ - - 
ne., cnlm, sw--- ~ - ~. - - - - ~ - ~ ~ 

7 a. m., 13th _._. _ _ _  
7 a. m., 13th _ _ _ _ _ _ _  
7:30 a. m., 13th _ _ _ _  
8:30 a. m.. 13th _ _ _ _  
10 a. m. i3tb ...... 
11:30 a. m., 13th ... 
11:30 a. h., 13th..- 

I 11:30 a. m., 13th.-. 

9:30a. m.: 13th.-..l 

Calm of 20 
minutes. 

Calm of 30 
minutes. 

1 I I I -- 
Observations refering to localities which were south o j  the trajec1ot.y 

I Extent I I I 
Changes of direction of 

wind 

. . .  
nnw., nw., w., sw.. ........ U:46 a. m.; 13th .... 
n., w., sw. ................. 11:00 a. m., 13th ... 
nnw., nw., w., sw., s ....... 11:15 a. m., 13th.-. 
nnw., calm, sw., ssw-. - - - - *  ... C a h  for20 

I I I I 
_---___I__ _--I 

Meteorological obveruulions tuken fronz Department of Public Works  
of Port0 Rico at San Juan  

Day 

sept. 12 
12 
12 
12 
la 
13 
13 
13 
13 
13 
13 
IS 
13 
13 
13 
13 
13 
I3 
13 
1 s 
13 
13 
13 
14 

Hour 

J l f J J l .  
761.45 
760.00 
7%. 36 
759.55 

754.60 
752.00 
140.20 
743.70 
742.85 
744.70 

'4%. 65 
749. Ro 
751.10 
76'4.10 
7 1 . 1 0  
755.10 
75.5.90 

757. Ro 
758. 80 
75'4.60 

755. ra 

Z46. 70 

750.70 
75n. 00 

30. 00 
30.00 
30. m 
28. M) 
26. no 
26.20 
20.00 
26.60 
24. 50 
24. M) 
24.00 
24.00 
24. .w 
24. m 
29. .w 
24.50 
26.40 

LG. 40 
20.20 

25. 80 
27. MI 

26' 00 

20. M) 
20. 00 

I- __-- 
I 

.................. 
.............. 

e 
ne-. 
I I l L .  .............. 
ne. - ~ -. -. - - ~ - -. - 
ne _ _ _ _ _  _ _ _  __._ _ _ _ _  
ne. - - - -. - - - _  - _  _ _  - 
ne. ............... 
ne ................ 
e.. ................ 
me.. ............. 
se ................. 
se ................. 
se ................. 
se ................. 
YSC.. ............. 
sse.. .............. 
sse ................ 
sse. -. _ _ _  _ _ _ _  __.. _ _  
se ................. 

se ................. 
e .................. 

De ................ 

YSC ................ 

8e ................. 

4.03 
'1.48 
5.0'3 
6.42 

11.11 

23.33 
24.03 
20. 00 
B. 00 
20.00 w. 00 
20.00 
IO. 43 
10.43 
10.43 
10.43 
IO. 45 
10.43 
10. 43 
10.43 
10.43 
10.43 
10.43 

16. ljn 

Remarks.-Before the Iiurricane reached its greatest violence the 
anemometer lost one of its semispherical wings (cups), and there- 
fore the velocity of the wind ought to  be greater than the maxi- 
mum indicated by the apparatus. A little after 8 a. m. of the 13th 
another wing (cup) of the anemometer was lost. 

It is sufficient to examine the map in which are found represented 
the different localities that  we have indicated and the changes of 
wind verified in each case in order to  determine with precision the 
general trajectory described by the hurricane in its movement of 
translatibn. 

The center, or vortex, of the cyclone passed the island of St. 
Kitts thence continued its path between the islarids of 8t. Thomas 
and dt. Croix, approaching much nearer to the latter. (see fig. 87.) 

It touched Vieques and entered Porto Rico a t  a point of the coast 
between Humacao and Yabucoa. Inclining then somewhat to the 
northeast (P), it passed by Humacao in order to penetrate between 
the mountains of Pandura and Luquillo; in the interior of the island 
it traversed its length in the direction from east-southeast to  west- 
northwest until it  left the west coast, touching Mayaguez and 
Aguador and moving over the Pueblo de Rincon, where there was a 
calm of half an hour while the center of the cyclone was passing. 

From information receivcd later we know that the hurricane 
then traversed the island of Santo Domingo; passing Cuba, which 
received it between Nuevitas and Santo Spiritas, moving then 
along the coast of Florida and passing in the neighborhood of 
Philadelphia. The indicated data suffice to determine the general 
path of the cyclone, biit are not sufficient to determine exactly 
the oscillations of the vortex produced by the movements of nuta- 
tion of the eye (of the storm). Nevertheless, there can be no doubt 
but the said vortex followed approximately in.its passage over the 
island of Porto Rico the path that is indicated in the accompanying 
diagram. It is easy to determ~ne the velocity of translation of the 
cyclone from St. Kitts to its departure from Pwto Rico. Knowing 
the hours at which the vortex passed the distinct localities and the 
distance that separates them, we have only to  divide said dis- 
tances by the number of hours that i t  took the cyclone to pass 
between them in order to know the hourly velocity. The distance 
between St. Kitts and Humacao, which is about 360 kilometers, 
was run over by the hurricane in about 10% hours; i t  results in 
consequence that its velocity of translation between said points 
was about 35 kilometers per hour. The cyclone took in traversing 
the island of Porto Rico 4% hours, and the distance between the 
extreme points where its entrance and departure were determined 
being 160 kilometers, it  follows that its velocity of translation for 
the interior of the island was also, approximately, 35 kilometers 
per hour. 

It is more difficult to determiile the diameter of the cycloue or 
whirlwind. The data which we have collected of its duration 
in each locality are very variable, although some come from points 
where its vortex or center passed. This can be understood either 
because the hurricane does not follow a line or because i t  is very 
difficult to determine the moment when a hurricane gradually 
begins or ends; however, we are able to  admit with sufficiently 
close data that, at the points where the center of the hurricane 
passed, its duration was about 10 hours. I t s  velocity of transla- 
tion being 35 kilometers pcr hour, i t  is easy to determine its dia- 
meter. We must multiply the velocity of translation, expressed in 
kilometers, by the number of hours of duration of the hurricane. 
This case then would be analogous to that in which, hurricane 
being fixed, it would take 10 hours to move over one of its diameters 
going at a velocitv of 35 kilometers per hour. 

The diameter df the cyclone when it was passing the island of 
Porto Rico ought to  be about 350 kilometers. The duration of 
the calm, corresponding to the center of the hurricane and which 
was perceived st the points where its vortex passed, was from 
20 to 30 minutes. The diaiiieter of the vortex then ought to be 
about 15 kilometers. 

In order to form a trifling idea of the. ravages produced by 
the hurricane of the 13th of SePtembCr, it suffices to  announce 
that there sank or were cast 011 the coast, 5 ships at St. Iiitts, 
3 at Santa Cruz, ana 7 a t  St. Thomas. At Porto Rico the number 
of ships lost or which suffered considerable loss was 45, and 16 
persoris perished. I n  the harbor of the capital were lost or thrown 
on the shore 10 ships out'of the 28 that  anchored in the bay. 
Along the shores of Santo Doming0 and of Cuba some also were 
lost. In  the harbor of Baracoa the steamer Saratoga was lost, 
and between Havana and New York, at about 33O north latitude, 
the America11 steamer Lzberly wits lost from the effect of the 
hurricane. I n  the capital 
of Porto Rico, whore We (personally) had occssi:? to observe 
them, a great number of ffO1iSeS in the suburbs of La Marina," 
"Puerta de F iep , ' :  and Cangrejos" were unroofed and demol- 
ished, some being In a ruined state. Entire rows of old and 
robust trees were uprooted. 

In  all the island the ravages produced by the winds or by the 
floods in the streams were very remarkable, as much so in the 
country as in the City; some people perished, buried beneath the 
houses where they dwelt or dragged away by the floods. 

Resuming our former statement, it results tha t  the hurricane 
of the 13th of September followed a path from south-southeast 
to west-northwest from the island of St. Kitts to Porto Rieo, 
moving with a V+citY of 35 kilometers per hour; that  its diameter 
was then approximately 350 kilometers, and its center, or vortex, 
about 15; th?t the greatest velocity of wind observed in the capital 
of Port0 R1co was about 100 kilometers per hour, with some 
squalls or gusts of more than 130 kilometers; that  the temperature 
a t  the passage of the storm descended from 28' to  24" C. and that 
the relative humidity of the air increased from 71 to  94; and 
finally that the barometric column fell about 25 millimeters a t  

On land the ravages were not less. 
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the points where the vortex of the cyclone passed, 734.65 milli- 
meters being the least height indicated by the barometers estab- 
lished a t  said places at the moment of the greatest intensity of 
the storm. 

Octo6er i~urricanes.-Hurricane of October 11-23, 1910 : 
T h i s  hurricane was a notable one, both in regard to its 
lntensity and to its decidedly abnormal path in the 
Vicinity of extreme western Cuba. The behavior of this 
hurricane after crossing the western extremity of Cuba 
during the night of the 13th-14th was at the time and 
for several years thereafter a subject of much stud and 

meteorologists. Some expressed the belief that the course 

?thers, that there were two centers, the first dissipating 
in the Gulf of Mexico while a second was forming to the 
southward; and still others, that the speed and intensity 
of the hurricane had suddenly diminished after 

first of these views, that of the loop in the track, has 
finally prevailed upon the showing presented by data 

West and Sand Key, Fla., there were high southeast 
winds and heavy rains on the 14th. The barometer fell 
slowly on that date, reaching 29.55 inches at  Sand Ke . 
I t  then remained about stationary until late on the 16t , 
when it began to rise. On the latter date, however, heavy 
rains again set in Over western Cuba, with falling barom- 
eter, and the center of the hurricane, after looping to the 
left, again skirted the northwestern coast of Cuba, 
attended by the loss of much propert and a number of 
lives in the extreme western part of t i! e island. 

The follow+g report of Captain Sullivan, of the Amer- 

l 

discussion, widely differing views thereon being he s d by ican steamsbp J ~ ~ ~ ,  is of special interest: 

of the center was such as to form a loop in the track; After running into a fierce gale in which she lay to for 24 hours 
off Jupiter, the ship made for Florida Strait, expecting that the 
hurricane had passed. Sand Key was passed at 11:55 p. in. on 
the 16th and signals exchanged. Ship headed east-southeast. It 
was then blowing a strong gale from an easterly direction, with 
sky cloudy and threatening. At the beginning of the hurricane 
the position p a s  made from well-known landmarks-latitude 24' 

from 5 a. m. to 8 p. m., during which time the ship drifted against 
unusually strong stream from Gulf 60 miles in a direction west- 

- 
into the Gulf and then had as suddenly increasedlas!i% 26' N., longitude 820 41' w. Ship hove to. ~h~ storm lasted 

67' 3LY 6 6 O  3Q 

"Y 

F I G  87.-Track of hurricones across Porto Rico 

assembled by the United States Weather Bureau and the 
Cuban Meteorolo ical Service. The reasons for the pe- 
culiar behavior of this storm, as understood by tho 
Writer, are given on ages 3 0 3 1 ,  

The data referref to  above were published by the 
Hydro raphic Office of the Navy Department on the 
back ofthe Pilot Charts for November, 1922, and a series 
of charts was resented (see Figs. 46-53) showing the 
features of the Rurricane from the mornin of October 12 
until the morning of October 17, when it%ad completed 
the loop in its track and was again moving northward. 
The 8 a. m. weather charts as published on the Pilot 
Charts, together with one 8 p. m. chart, that of October 
16, are shown in Figures 46-53. 

The center of the hurricane passed over the western 
end of Cuba during the morning of tho 14th, and con- 
slderable damage to cro s and other property resulted 

. wind reached a maximum velocity of 88 miles an hour 
from the south and the barometer fell to 29.04 inches, 
but it fell below 29 inches at  Pinar del Rio. At Key 

from the high winds an I J  heavy rains. At Habana the 

southwest by west M west. During this time i t  was impossible to 
see the sea on accouilt of the rain and spray. Imineiise seas caine 
over the ship, even wetting down the chart house on the bridge 
deck, so that water had to  be constantly baled out. Boats were 
stove in and much of the fittings loosened, and the port bow plate 
was dented as if the ship had run into some heavy fixed obstruc- 
tion. At 11:25 a. In. the ship arrived at the center of the storm. 
Overhead the sky was perfectly clear, but the horizon was dirty, 
wind almost calm, and sea fearfully choppy. At 1 p. m. the wind 
came fiercely from the west-northwest of hurricane force, lasting 
until 7:30 p. m., when it began to moderate. The wind blew 
hardest when the barometer was between 28.10 and 28.30, both 
going down and up. The barometer a t  the time of reaching the 
center a t  11:25 a. 111. was below the scale, but was carefully marked 
with the set hand, and subsequently with a file. Thls was, cor- 
rected, 27.80 inches. The barometer rose slightly on entering 
the center. ship's position at that time was approximately 27 
miles south of Tortugas. 

At Sand Key the barolneter began to fall rapidly about 
midnight of the 16th and reached 28.62 inches at 12:20 
p. m. of the 17th. The force of the wind drew large 
nails from the doors of the Weather Bureau building, 
and the sand was all washed from sight by this time, 
monster waves breaking over the whole island, reaching 
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nearly up to the water tanks. The wind blew from the 
southcast up to 1:05 p. m., when it chan ed to south. 

stopped the clock several times. $he estimated maxi- 
mum velocity was 125 miles an hour. .At 1:30 p. m. 
the boathouse went to pieces and was washed iqto the 
sea. At 1:50 p. m. the barometer reached its lowest 
point-28.40 inches. The barometer began to rise 
slowly, but the mnd continued with unabated fury until 
about 6 p, m., when it diminished and shifted to south- 
west. 

Conditions a t  Key West were quite like those obtain- 
ing at  Sand Key, the barometer reaching its lowest 
point-28.47 inches-at 3:20 . m. of the 17th. High 
northeast winds, varying in ve P ocity from 30 to 50 miles 
an hour, with gusts of 60 miles an hour, prevailed from 
midnight to 8 a. m. of the 17th, shifting to southeast 
shortly thereafter and increasing in velocity. At 12:25 
. m. the wires to the anemometer cups were torn away 

gy the wind when i t  reached a velocity of 72 miles an 
hour. From 3 to 4 p. m. the wind was from the south, 
after which it shifted to the southwest. The wind 
reached its greatest force bctween 2:30 and 4:30 p. m. 
of the 17th, when it was estimated that the hiphest 
velocity was over 90 miles an hour and that gusts 07 110 
miles an hour were frequent. The storm lasted 30 
hours. The tide and sea swell wore unusually high. At 
7 a. m. of the 17th the waves were dashing over the 
southern and western sections of the island, and by 9 
a. m. the Weather 13ureau grounds in the southwestern 
section of the city were entirely submerged. The tide, 
wind, and swell steadily increased during the morning 
and afternoon. At 3 p. m. the basement of the building 
was covered with water to a de th of 7 feet. . The new 

were swept away, and the d6bris pounded against the 
office building with terrific force. The waves at  times 
were over 15 feet high and dashed a ainst the office 
windows. The damage in the city an$ along the keys 
was considerably less than during the storm of the pre- 
ceding mar, amounting to less than $250,000. 

The hurricane moved in a northerly direction over the 
Florida eninsula, t.he center passing a short distance 
east of 4) ampa and about 30 miles west of Jacksonville. 
The barometer fell to  28.94 inches at Tampa at  7:45 
a. m. of the 18th, this being by far the lowest pressure 
ever recorded st that lace until the hurricane of October 

velocity at  Tampa was 48 miles an hour from the north- 
east, while at  Jacksonville it was 56 miles an hour from 
&he same direction. The lowest barometer reading at  
the latter lace was 29.09 inches u t  12:30 a. m. of the 

70 miles an hour from the northeast and at  Charleston, 
S. C., 58 miles an hour from the east. The lowest pres- 
sure observed at  Savannah was 29.30 inches at  2 p. m. 
of the 19th and at  Charleston, 29.39 inches at  6:30 p. m. 
Considering the severity of the storm, there was a remark- 
ably small loss of life and.of vessels a t  sea; moreover, 
the property damage, especially in Florida, was not as 
great as might have been expected. 

Further details of this storm will be found in MONTHLY 
WEATHER REVIEW, 38: 1488-1491, and the back of the 
Pilot Chart for November, 1922. 

Other October ?Lurricanes.-Huf.ricane of October 21-30, 
1921 : This hurricane is unique m two respects-first, in 
that it is the onl tro icttl storm of hurricane intensity 

the Gulf of Mexico during the period 1887-1923, inclu- 

The velocity increased and the swa ing o B the building 

United States Army dock and t 1 e marine hospital dock 

1921, when it reache d! 28.81 inches. The maximum wind 

19th. At 8 avannah, Ga., the highest wind velocity was 

that developed a f Y R  ter t e middle of October and entered 

sive; and, second, in that it moved in a direction south 
of east after leaving the Florida coast. (See figs. 88-95.) 

The first signs of the development of this storm were 
observed about halfway between Swan Island and the 
Isthmus of Panama on the morning of the 21st. How- 
ever, the chief hydrogra her, Panama Canal, reported 

disregarding diurnal fluctuations, from October 13 to 18, 
preceding the birth of the hurricane. This period was 
accompanied b heavy dailg rains, noticeably on the 

vailing. On the 18th there was a reversion to a more or 
less steady southerly windsof dry season intensity and 
with dry season characteristics, except as to direction; 
this condition continued until the 29th. During the 
20th-22d, inclusive, the wind movement a t  Balboa 
Heights avera ed 19.4 miles per hour, as com ared with 

By the time the storm reached the vicinity of Swan 
Island on the 22d it had attained hurricane intensity. 
The station on that island reported a barometer reading of 
29.20 inches between 10 a. m. and noon and the highest 
wind velocity, 80 miles an hour from the south-southwest, 
occurred during the afternoon after the center of the 
storm had passed, moving. north-northwcstward. On 
the 23d tho schooner Virgi7~u~ encountered the hurricane 
in the Yucatan Channel, the barometer falling to 27.80 
inches. At 10 p. m. of the 24th the barometer reading 
on the S. S.  El Estero, in latitude 25" 36' N. and longitude 
84" 24' W., was 27.84 inches, and the wind was blowing 
approximately 110 miles an hour from the southeast. 
The hurricane passed inland on the 25th in the vicinity 
of Tarpon Springs, Fla., about 20 miles northwest of 
Tampa. The lowest pressure a t  Tarpon Springs was 
28.12 inches a t  2:15 p. m., and thc wind, which had 
reached an estimated velocity of 80 to 100 miles an hour 
a short time before, died down, and there was a dead calm 
for a t  least an hour. At Tampa the lowest barometer 
reading was 28.81 inches at  2:45 p. m. and the highest 
wind velocity 68 miles an hour from the south a t  238 

The tide reached a hei h t  of 10.5 feet, by far tho 

During the early morning of the 26th the center of 
the hurricane passed out to sea a short distance north of 
Titusville, and its subsequent path was decidedly 
abnormal. An extensive anticyclone that moved south- 
eastward from the IJudson Bay region durin the 25th- 
28th controlled the air moqement aloft over &e Atlantic 
States and the ocean Some cbstance to the eastward to such 
an extent that the course of the storm was changed from 
northeast to east and later to east-southeast for a t  least 
two days. By this time (the 28th) the hurricane was 
centered almost due south of Bermuda. On the 27th 

that the barometer at  Ba F boa Rcights steadily declined, 

Pacific half of t T I  e Canal Zone, with northerly winds pre- 

a normal Octo 73 er movement of 6.4 miles per {our. 

. m. 
Kighest ever recorded at  this p s ace. 

next few days and 
area of low 

1912: There were only two tropical storms of knows. 
hurricane intensity in the North Atlantic Ocean durin 
the period, 1887-1923, inclusive. The first was that 0 
Novembor 17-29, 1888, which caused very severe dam& 

? 
to shipping from Cape Hatteras to Eastport, Me. T r e 
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second devastated the western part of the island of 
Jamaica in November, 1912. 

This latter storm developed north of the Isthmus pf 
Panama. Its presence was detected on the 11th in 
latitude 11’ N. andlon itude 80’ 30’ W. It moved nortli- 

by the S. S. Abangnrez in latitude 14’ 05’ N. and longi- 
tude 81’ 30’ W. The lowest barometer reading was 29.24 
inches at  4 p. m., and the stron est wind was from the 
northeast, force 10, at  noon. After the 13th tho storm 
gradually recuhed toward the northeast. Its movement, 
was exceptionally slow, not averaging over 4 miles an 
hour from the time it was first noted until it dissipated 
northeast of Jamaica. In  previous published accounts 
of this hurricane it seems to have been taken for granted 
that there were at  least two separate hurricanes, 
cipally, no doubt, because of a misinterpretation o!%; 
report of First Officer Peterson of the S. S. Prinz Sigis- 
mund, bound from Montego Ba on the northern coast of 
Jamaica around the western en hv of the island en route to 
Kingston. However, careful study of this report in 
connection with the records made a t  Negril Point Light- 
house leads to  the conclusion that there was only one 
hurricane. The fact that the lowest barometer readin5 
on the Prinz Sigismund, 28.93 inches, was at 10 p. 111. of 
the 17th, while that at  Negri1 Point Li hthouse, 28.49 
inches, did not occur until 6 a. m. the iolFowing mornjng, 
was rather confusing until the position of the Prinz! Szgzs- 
mund was established. This vessel left Montego Bay a t  
5:30 p. m. of the 17th. Just outside the bay the vessel 
encountered east and northeast winds, force 10 to 11. 
The heavy wind drove the vessel far to. the west and 
southwest and it hove to a considerable distance west of 
Negril Point at 9 p. m. At 10 p. m. the barometer road 
28.93 inches, the lowest point reached. Heavy breakers 
went over the shi , the wind being froin the northeast, 
force 12, and muc E damage was done on deck. Oil was 
used to calm the sea with good effect. On another 
vessel, the S. S. Tintoretto, was a proximatel 60 milcs 

was 29.24 inches, at  3 p. m. This position and the 
time of lowest barometer, considering the rato of rnove- 
inent of the hurricane, about 4 miles an hour, are in close 
agreement with the time of lowest barometer at  Negril 
Point Lighthouse,which was about 5: 30 a. m. of the 18th. 
The diff ercnce in tlme between the occurrence of the lowest 
barometer at  the two positions was about 14% hours. 
In that time the center of the hurricane traveled approxi- 
mately 58 miles. Now, inasmuch as the lowet barome- 
ter reading on the Prinz Sigisrnund was at 10 p. m., she 
was undoubtedly about halfway between Negril Point 
Lighthouse and the position of the Tintoretto rtt 3 m., 
or sli htl less than 30 miles west-northwest of Regril 
Point % $  ig thouse. 

The wind at, Negri1 Point Lighthouse increased steadily 
in strength until it  reached 80 miles nn hour from the 
southeast a t  10 . ni. of the 17th, nnd this velocity was 

bitcked to northeast .and increased rapidly to 120 miles 
an hour, At 2:03 a. m. tho anemometer WNS disabled, 
two cups being wrenched off. The hurricane continued 
t o  increase in violence for some t h e ,  but no estimate of 
the velocitv was made by the observer. The minimum 

Thore was a 
k l l  from 5:15 to 8 : O O  a.m., but a t  9:30 a. m. the wind 
backed to northwest and increased to hurricane force. 
At, 1020 a. rn. tHe observer had to abandon his house, n s  
the roof threatened to  fall in and tho walls cracked. 
There wm a torrential rain at  this time from the north- 

(See figs. 96-103.) 

northwestward until t F; e 13th, when i t  was encountered 

westnorthwest of Negril Point, t ?-I e lowest B arometer 

niaintained unti P about 2 a. m. of the lsth,  when it 

ressiire dl”d. not occur until near 6 a. m, 

west. The storm ceased between 3 and 4 

harmed was t B o Church of England, which was quite new. 
All cocoanut rtrees were blown down and inany other 
valuable fruit trees also. ’ 

At Rem shot Observatory, near Montego Bay, the 

at which time the wind was blowinw at the rate of 80 
miles an hour from the south. &e barometer rose 
rapidly to 29.44 inches at 6 p. m., 0.15 inch of this rise 
occurring between 4 and 6 p. m. during a calm. -4t 6:15 
p. m. northwest squalls were occurrmg; at 6:25 p. m. 
they bocalne heavy; and at  6:35 p. ni. a hurricane of 120 
miles an honr from the north was blowing, with the 
barometer at  29.30 inches. At 6:45 1). m. the wind Was 
still blowing 120 miles an hour from the north and the 
barometer had risen 0.03 inch. At 7 1). m. the barometer 
was 29.28 inches, with sq~ialls from the northwest and 
north: at 7:30 p. m. the became heavy again. After 
that there were gusts anglulls with light squalls at 1.1 
p. m: The sunset on the 18th was most lurid and 1s 
described by the late Masmell Hall, of the Kempshot 
Observatory, as follows: 

Just before the worst of the hurricane came on (at Kempshot at 
6 p. m.) there was a most brilliant, yellow light in the confused sky 
all over the sky and around the horizon. It changed to  orange, 
then to red, clouded over with dark squalls, and the hurricane of 
120 miles an hour was down upon us. The light was seen all over 
the dest  end of the island and caused some alarm. At Falmouth it 
was seen at night. When I saw i t  we were just emerging from the 
calm area, 20 miles in diameter. 

The following account of the hurricane by Rev. J. J. 
Williams, S. J., of Black River, Jainaica (about 40 
miles southeast of Negril Point Lighthouse), is takcll 
from “America,” December 21, 1913: 

* * * It was the night of Sunday, the 17th, hotvever! that 
the real storm commenced. The southeasterly wind, increasing in 
violence at every puff, until its velocity esceeded 150 miles Per 
hour, was accompanied by a torrential downpour, such as passes 
description. During the course of Monday morning the r a m  
stopped for a time, while the wind continued with unabated fury 
until the middle of the day, when i t  suddenly sank to rest, without 
any noticeable change of direction. 

breathless calm for a few hours, that  seemed 
to indicate that the very vortex of the storm was passing over Us. 
This lull lasted for about three hours. The unnatural stillness, 
marred only by an occasional drizzle, was itself portentous of 
approaching trouble. As there had been no change of the wind, 
the knowing ones prepared for the worst. Suddenly the low-scud- 
ding clouds swept in from the north, and a perfect deluge of rain 
again swept the land. The wind did not immediately resume its 
former fury; that was to come later. For the time being it 
moaned dismally. 

Toward the hour of sunset the sky took on a most terrible 
aspect. No one recalls having ever seen anything of its kind 
before. The heavy ellow fog that mystified the world subsequent 
to the eruption of grakatoa Eome 30 years ago  vas nothingsin 
comparison. The rain was coming 
in fitful gustg,. when suddenly we seemed t o  be standing in  the 
midst of a blazing furnace. Around the entire horizon was a ring of 
blood-red. fire, shading away to a brilliant amber a t  the Zenith. 
The sky, in fact, formed one great fiery dome of reddish light that 
shone through the descending rain. * * * Then burst f&h 
the hurricane afresh, and for two hours or more (I have lost track 
of the hours that night) it raged and tore asunder what little had 
passed unscathed through the previous blow. 

In  some places, as Savanna la Mar, the ocean swept in and carried 
away the very debris. In other places, as Bloiitego Bay, the 
inrushing torrents sweeping down the gullies leaped their banks 
and without a moment’s warning bore out to sea row after row of 
houses. Despite the heroic efforts at rescue, many were the 
unfortunates who found a watery grave. 

All alone the coast vessels were wrecked upon the reefs or 
foundered in th8 open sea. At Montego Bay alone 14 sailing 
craft were lost, while at Savanna la Mar more than oiie hulk was 
left high and dry in the public market. 

Meanwhile, inland the wind wm playing havoc .ever urhere, 
wiping out whole plantations of bananas, obhteratlng Jelds of 

village of Ne ril wits devastated. The only 

barometer F ell to 29.02 inches at 12:30 p. m. of the lSth, 

Then succeeded 

It was like the judgment day. 
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First observed 

sugar cane, laying low t h e  cocoanut groves, scattering like chaff 
the hovels of the poor, reducing to  shapeless masses of ruins the 
better class of dwellings, and sparing nothing in its fury. 

Practically one-third of the entire island was thus laid waste. * * * The total loss on the island is estimated at 200 lives, 
with the destruction of property valued at $1,000,000. 

This hurricane was undoubtedly one of the most 
violent, if not the most violent, that ever struck the 
Island of Jamaica. The late iMaxwel1 Hall estimated that 
18,965 houses were either destro ed -or bad1 damaged. 
The amount of damape was undou tedly great T y increased 
owing to the very sfow movement of the hurricane and 
the come uent continuance of hurricane winds for a 

During the 18th-20th an anticyclone advanced eastward 
from the Atlantic States over the ocean to the vicinit 

the north coast between Falmouth and St. Anns Bay 
early on the 19th, was not only blocked, but the storm 
ra id1 decreased in intensit and filled up between the 
IskndYof Jamaica and the gindward Passage. This is 
one of the very few instances of a hurricane decreasing 
in intensity and dissipating over the water within the 
Tropics. 
TABLE 2.-Im ortant data o n  the life history of all tropical storms of 

the fiorth Atlantic Ocean, 1887-1963, inclusive 

great lengt 31 of time. 

of Bermuda, and the progress of the hurricane, which le 9 t 

Last 
ob- 

served 
(num- 

ber 
days 
later) 

TABLE 2.-Important data on the life history of all tro ical storms of 
the North Atlantic Ocean, 1887-1923, inclusive-8ontinued 

First observed 

Place flrst 
observed 

Lnst 
Ob- 

served 
(num 

ber 
days 
later) 

Recurve 

Lat. 
N. 

Last observed 

Long. 
W. 

May 16, 1887 _______- -_- - - - -  
June 17,1888 _ _ _ - - -  --------- 
June 15,1889 _________- - - - - -  
June 10,1892 _ _ _ _ _ _ _ _ _ _ _ _ - - -  
June 12,1893 _ _ _ _ _ _ - - - - -  ---- 
June 10,1901 - - - - _ _ _  - ---- - - -  
June 11,1902 _ _ _ _ _ _ _ _ _ _ - - - - -  
June 19,1902. - _ _ _  - - - - -- - - ~ - 
June 8, 1606- _ _ _ _ _ _ _ _ _ _ _ _ - -  ~ 

June12,1806 _____- - -  - - - - - - -  
June 25,1909 -___ - -  --------- 
June 28, 1909 _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
June 7,1912 _ _ _ _ _ _ _ _ _ _ _ _ - - - -  
June 22,1913 _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  
June 29,1916 __________-_ - - -  
June 15,1021 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June 13.1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

- 

Long. 
W. 

38 
28 
29 
40 

20 
a4 

- 
Long. 

W. 

65 
68 
76 
74 

41 
81 

- 
Long. 

W. 

20 
29 
22 
38 

a2 

- 
Lat. 
N. 

41 

72 
81 

97 
2 9 9 0  

69 

- 

Lat. 
N. 

- 
Lat. 
N. 

19 
6 
4 

8 
5 
7 
5 

19 
16 
7 

11 
2 
6 

5 
4 

13 
6 

10 
3 

10 
4 

12 
9 

7 
14 
7 
9 

17 
11 
13 
8 

11 
2 

4 
22 
7 

12 
17 
8 

10 
9 
2 
6 

15 
13 
8 
7 

12 
18 
16 
7 

10 
14 

4 
6 
5 
8 

13 
6 
1 
6 
20 
6 

7 
2 

12 
16 
14 
8 
9 
8 

12 
4 

4 
6 
9 
1 
5 

15 
8 
4 
I 
6 

13 
10 
4 
1 
4 

10 
1 

10 
14 
5 

1 4  
1€ 
2C 

1: 
2: 
27 
2E 
15 
24 
14  
13 
13 
18 

11 
11 
18 
28 
13 
2E 
28 
24 
11 
1t 

1 E  

11 
19 
2c 
21 
11 
24 
14 
18 

24 
11 
10 
11 
24 
24 
18 
10 
27 
24 

11 
13 
10  
11 
17 
13 
11 
19 

11 

25 
27 
24 
10  
18 
21 
13 
18 
14 
22 

22 
23 
12 
12 
15 
11 
16 
26 
28 
23 

23 
17 
14 
25 
18 
19 
16 
30 
14 
32 

17 
21 
16 
30 
24 
21 
22 
12 
10 
28 

i e  

i a  

29 
60 
67 

56 
82 
69 
72 
20 
'50 
55 
27 
62 
52 

61 
59 
60 
55 
57 
55 
77 
81 
57 
45 

27 
61 
52 
59 
48 
55 
41 
95 
18 
92 

93 
26 
82 
52 
87 
83 
63 
63 
85 
84 

28 
80 
Bo 
80 
59 
43 
25 
57 
51 
81 

76 
63 
12 
89 
51 
e4 
59 
86 
32 
64 

73 
83 
Bo 
60 
62 so 
60 
61 
85 
95 

77 
80 
62 
77 
69 
68 
64 
64 
61 
70 

62 
60 
85 
74 
87 
64 
96 
58 
61 
82 

6: 
2; 
2< 

2t 

4c 
3: 
52 
5: 
31 
14 
2; 
52 

3: 
1€ 
5: 
67 
2€ 
55 
6< 
4s 
3f 
4c 

49 
46 
41 
67 
6C 
67 
43 
60 
37 
24 

34 
rn 
33 
3g 
48 
45 
70 
MI 
31 
64 

62 
40 
28 
30 
M) 
Bo 
68 
07 
42 
60 

33 ea 
52 
35 

14 
34 
52 
34 

39 
35 
67 
33 
Ea 

26 
64 
33 
38 

30 
47 
47 
34 
33 
Ea 
32 
52 
37 
66 

30 
33 
43 
35 
60 
57 
24 
67 
50 

a( 

!! 

a4 

a5 

25 
99 
82 

LOO 
92 
73 
83 
65 
38 
103 
89 
80 
44 

94 
90 
56 
10(E.) 
99 
43 
23(E.) 
65 
76 
25 

49 
63 
57 
27 
11(E.) 
13 
12 
52 
45 
98 

89 
49 . 
74 
73 
19 
70 

62 
97 
52 

55 
55 
74 
e4 
45 

NE.) 

;:[E:] 
22 
6G 
1 

82 
62 
25 
73 
27 
62 
64 
92 
Bo 
82 

77 
70 
40 
62 
67 
64 
97 
21 
22 
75 

89 
82 
76 
18 
84 
17 
83 
Ea 
60 
23 

02 
17 
95 so 
71 
35 
D9 
36 
7 

71 

Aug. 25, 1906 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 21, 1909 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 27, 1909 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 23,1010 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 9, 1911 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
hug. 24, 1911- _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
AUK. 30. 1913 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 

Aug. 1,1918 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 21 1918. _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 29: 1923 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 1, 1887 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 11, 1887- _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 15, 1887 _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  
Sept. 7,1888 ~ _ _ _ _ _  
Sept 23, 1888 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 1,1889 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 2,1889 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ~ 

Sept. 12, 1889 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 12, 1889 _ _ _ _ _ _ _ _ _ _ _ _ _  1- 
Sept. 29, 1889 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 2,1891 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 16,1891..-. _ _ _ _ _ _ _ _ _  ~ - 
Sept. 29,1891 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 4, 1892 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 9,1892. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 12,1892 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 25,1892 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 6,1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ - 
Sept. 25, 1893 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Sept. 27 1893 _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Sept. 18: 1894 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 28, 1895 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Sept. 3, 1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 19, 1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 22, 1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 11, 1897 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 20, 1897 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Place flrst 
observed Recurve Last observed 

- 
Long. 

W. 
- 
12 

16 
76 
7@J 

87 
21 
21 
80 
24 
98 
89 
76 
98 
86 
94 
88 
85 
81 

__-__- -  

____-__  
27 

96 
79 

61 
100 
97 
89 

70 
83 
20 
81 
2 

64 
96 
12 
84 

64 
8 

22 

89 
10(E.) 
98 

23 
203.) 

13 
70(E.) 
83 
12 
100 

2 
N E 3  

HE.) 

36 

$(E.) 

. - - - - - - 

- 
Long. 

W. 

- 
e4 
95 
85 
85 
95 
83 
82 
85 
82 
70 

84 
73 
85 
82 
81 
81 
81 
60 
52 
95 

94 

61 
e1 
61 
69 
Bo 
52 
13 

78 
72 
02 
85 
63 
6s 
71 
Bo 
64 
6s 

26 
67 
51 
38 

28 
88 
38 
88 
61 

26 
36 
M1 
46 
60 
38 
52 

2 

a0 

Lat. 
N. 
- 

21 
28 
20 
23 
20 
18 
14 
17 
18 
22 

25 
22 
23 
11 
11 
14 
17 
13 
10 
28 

24 
11 
21 
13 
14 
17 
22 
12 
10 
n 
n 
27 
I6 
24 
22 
17 
23 
19 
16 
13 

13 
18 
9 

14 
15 
12 
28 
14 
30 

14 
12 
10 
16 
26 
14 

ia 

ia 

Lat. 
N. 
- 

57 

88 
33 
63 
31 
Bo 
E4 
44 
46 

n 
31 
36 
28 
36 
40 
26 
33 
21 

41 
17 
01 
29 
34 
64 
63 
a0 
23 

42 
36 
60 

64 
83 
E4 
18 
67 
27 

42 
61 
45 
40 
66 
41 
31 
69 

26 

42 
46 
65 
60 
42 
70 
23 

.___-- 

.___-- 

a2 

ai  

11 
0 

10 
6 

18 
4 

1 2  
14 
8 

14 

6 
5 
8 
6 

11 
11 
3 
8 
8 
0 

10 
2 
8 
8 
8 

10 
8 
9 

14 
6 

6 
4 

13 
2 

14 
13 
10 
8 
9 
I 

12 
10 
13 
18 

9 
2 

12 
0 
7 

10 

20 
14 
14 
8 

m 

;$ 

Sept. 5, 1898 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 12, 1898 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept 20 1898. _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept: 21: 1898 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 25, 1898 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 3, 1899 ._______________ 
Sept. 0, le00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 13, loo0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 9, 1801. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sept. 20, 1901 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

July 3,1891 ________________-  
July 4,1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _  
July 4 1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
July 2: 1801 ._______._______- 
July 5 , leOl_________________ 
July 19,1903 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
July 27,1808 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
July 13 1909 ________-_-_-_-  ~ 

July 27' 1909 __________-_-_- -  
July 12: 1912 ________-_-__- - -  
July 31 1915 _ _ _ _ _ _ _ _ - -  ------ 
July 11: 1916 __________- - - -  - -  
July 12.1916 ______- - -  ------- 

Aug.31,1888 _ _ _ _ _ _ _ _ _ - - -  _ - -  
Aug. 26,1890 _ _ _ _ _ _ _ _ _ - - - -  -- 
Aug. 17,1891. _ _ _ _ _ _ _ _  1 _ _ _ _ _  
Aug. 16,1892 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 13,1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Aug. 18,1891. __________-_ -  ~ 

Aug. 15, 1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 18,1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 20,1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 6,1894 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 30,1894 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 16,1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 22,1896 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 31,1897 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 3,1899 _.___-----_ --__ - 
Aug. 29,1888 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aun. 27. lwx) .________._-___ 
I .  

Aug. 4,1801 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Aug. 80,1901 _________._____ 
Aug. 7,1903 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  



WES'L I N U l A N  

TABLE 2.-Important data on the life history of all tropical storms of 
the North Atlantic Ocean, 18S'7-191Sl inclusive-Continued 

._______ 
29 
23 
27 
22 

!&l 
35 

HURRICANES 47 __--- .  _- 

_-- - - -_-  
74 I 91 
74 
70 

_ _ _ _ _ _ _ _ - - - - - - - -  _ _ _ _ _ _ _ _ - - - - - - - -  
_ _ _ _ _ _ _ _ - - - - - - _ -  

66 
76 

TABLE 2.-Important data on the life history of all tro ical storms of 
the North Atlantic Ocean, isSr-i98s, inclusive-8ontinued 

30 
24 
25 
30 
26 

First observed 

75 
77 
83 
58 
74 

OCt. 21; 1894. _ _ _ _ _ _ _ _ _ _ _ _ _ _  

OCt. 18, 1903 
p t  10 1904 
oCt: Id, 1904 
oCt. 19, 1904 

Ct. 28, 1904 _ _ _ _ _ _ _ _ _ _ _ _ _  ~. 

Last 
ob- 

served 
(num- 

ber 
days 
later) 

12 
2 
2 

15 
0 
3 

11 
4 
6 
8 

5 
16 
10 
9 

17 
11 
3 

11 
8 

17 

5 
21 
3 
9 

14 
16 
15 
21 
8 
7 

10 
10 

6 
10 
7 
4 

14 
11 
13 
19 

10 
0 

13 
4 

i o  

Place flrst 
observed 

LRt. 
N. 

21 
20 
19 
19 
31 
17 
25 
21 
21 
17 

16 
24 
11 
11 
30 
23 
23 
13 
11 

18 
11 
2c 
21 
6 

12 
2[ 
1: 
li 
2( 

11 
2: 
16 
24 
It 
24 
2: 
2( 
2: 
2 

1: 
l i  
11 
2! 
2' 

30 

- 
iong. 
W. 

71 
85 
81 
61 
42 
52 
85 
94 
82 
60 

83 
58 
62 
00 
70 
93 
87 
80 
59 
03 

85 
24 
93 
92 
45 
61 
77 

' 59 
03 
85 

81 
63 
87 
01 
53 
75 
08 
93 
60 
70 

53 
67 
78 
47 
74 

Recurve Last observed 

Lat. Long. Lat. 
N. I W. I N. 

--- 

.____________--- ;I :;I 

- 
65 
20 
23 
65 
31 
30 
46 
41 
64 
40 

33 
67 
44 
21 
55 
51 
40 
57 
53 
05 

33 
34 
30 
50 
30 
60 
60 
69 
17 
52 

62 
OC 
50 
05 
40 
62 
60 
6C 
01 
OE 

57 
3: 
32 
3( 
at 

- 
long. w. 

First observed 

19 
95 
87 
59 
42 
53 
6 

72 
55 
66 

77 
11(E.) 
10 
98 
2 

15 
78 
64 
51 
9(E ) 

93 
39 
72 
48 
35 
28 
21 
5 

93 
64 

15 
46 
06 
30 
40 
58 
20 E )  
15tE:) 
2 

19(E.) 

56 
55 
07 
58 
21(E.) 

Nov. 3, 1891 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. 5, 1891 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. 1, 1902 .______________ 
Nov. 11, 1904 _____________. 
Nov. 6. 1906 
Nov. 8, 1909 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  
Nov. 22, 1909 
Nov. 25, 1909 
Nov. 11, 1912 
Nov. 11, 1910. 
Nov. 11, 1919.... _ _ _ _ _ _ _ _ _  
Dec. 4, 1887 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 7, 1887 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Lnst 
ob- 

served 
(num- 

ber 
days 
later) 

13 
11 
0 

11 
4 

10 
4 
0 
5 

10 
12 
12 
2 
5 
0 

6 
2 
3 
2 

11 
12 
9 
5 
7 
4 

5 
6 
9 
7 

15 
2 
6 

12 
8 
4 

7 
0 
3 
7 
e 
E 

t 
li 

0 

- 
Lat. 
N. 

20 
13 
11 
14 
33 

10 
28 
12 
26 
20 
11 
13 
26 
29 
17 

39 
17 
18 
30 
12 
17 
14 
17 
18 
13 

20 
25 
26 
13 
24 
28 
24 
13 
22 
15 

1f 
1( 
11 
11 
l! 
1: 
2: 
11 
1: 

,ast observed 

- 
Lat. 
N. 

65 
66 
12 
26 
30 

55 
58 
13 
34 
GO 
53 
36 
29 
32 
28 

34 
21 
31 
31 
59 
53 
39 
31 
18 
38 

42 
62 
35 
39 
48 
30 
65 
51 
41 
51 

3; 
2E 
% 
4E 
1E 
3i 
31 
51 
1: 
- 

- 
,ong. 
W. 

IO 
58 
34 
32 
79 

11 
10 
54 
80 
EO 
5 

58 
83 
71 
98 

81 
85 
70 
83 
30 
€& 
41 
87 
93 
91 

71 
52 
51 
46 
36 
51 
11 
13(E.) 
30 
48 

28 
80 
65 
54 
77 
63 
06 
20 
84 
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