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SUPPLEMENTS TO THE MONTHLY WEATHER REVIEW

During the summer of 1913 the issue of the system of publications of the Department of Agriculture was changed
and simplified so as to eliminate numerous independent series of bureau bulletins. In accordance with this plan,
among other changes, the series of quarto bulletins—lettered from A to Z—and the octavo bulletins—numbered
from 1 to 44—formerly issued by the U. S. Weather Bureau have come to their close.

Contributions to meteorology such as would have formed bulletins are authorized to appear hereafter as Supple-

_ments of the MONTHLY WEATHER REVIEW. (Memorandum from the Office of the Assjstant Secretary, May 18, 1914.)

These Supplements comprise those more voluminous studies which appear to form permanent contributions to
the science of meteorology and of weather forecasting, as well as important communications relating to the other
activities of the U. S. Weather Bureau. They appear at irregular intervals as occasion may demand, and contain
approximately 100 pages of text, charts, and other illustrations.

Owing to necessary economies in printing, and for other reasons, the edition of SupPLEMENTS is much smaller
than that of the MoNTHLY WEATHER REVIEW. SupPLEMENTS will be sent free of charge to cooperating meteorological
services and institutions and to individuals and ox:gani.zgxtions cooperating with the Bureau in the researches which
form the subject of the respective supplements. Additional copies of this SUPPLEMENT may be obtained from the
Superintendent of Documents, Washington, D. C., to whom remittances should be made.

The price of this Supplement is 25 cents.
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WEST INDIAN HURRICANES AND OTHER TROPICAL CYCLONES OF THE NORTH ATLANTIC OCEAN

PREFACE

This general study of the tropical storms of the North
Atlantic Ocean was prompted }l))y the results of a more
~ Trestricted 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,
approximately, of the Caribbean Sea. To test this idea
&H 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
Tather obscure in some cases, was found either over
the western third of the Caribbean Sea (west of longi-
tude 78° W.) or to the east.of the eastern limits of the
Caribbean Sea.

The results of this investigation proved so interestin
and informative that the more comprehensive work of
replotting the tracks of all tropical storms that originated
over the North Atlantic Ocean, the Caribbean Sea, and
the Gulf of Mexico during the entire period for which
dafly charts of the North Atlantic Ocean are available,
1887 to date, was undertaken. Not only were all pre-
viously published tracks for this period replotted, but
also many storms were found whose tracks have not
been charted heretofore. In extending the tracks of
such of the tropical storms as crossed the Atlantic Ocean
after recurving the following publications were found
quite helpful: Deutsche Seewarte, Internationaler De-
kadenbericht, and Tagliche Synoptische Wetterkarten
fir den Nordatlantischen Ozean von dem Danischen
Meteorologisher Institut und der Deutschen Seewarte.

Acknowledgment is hereby made of helpful suggestions
from the following officials of the Weather Bureau at Wash-
ington, D. C.: Mr. E. H. Bowie, Mr. W. P. Day, Dr. W. J.

‘Humphreys, Mr. F. G. Tingley, and Mr. R. H. Weightman.
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WEST INDIAN HURRICANES AND OTHER ngEPAlgAL CYCLONES OF THE NORTH ATLANTIC

INTRODUCTION

Tropical cyclones originate over the oceans both north
and south of the Equator, except over the South Atlantic.
North of the Equator they usually move at first in a
westerly or northwesterly direction, later recurving, as a
rule, to the northeast. Those that develop south of the
Equator usually move at first in a westerly or a south-
westerly direction, 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, and the North Atlantic Ocean (including
the Caribbean Sea and the Gulf of Mexico) are essen-
tially the same in character. This study is confined to
the hurricanes and less intense tropical storms that have
originated since 1886 over the Atlantic Ocean (usually
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
vauious writers. The hurricanes of 1878 to 1900, inclu-
. sive, were traced and discussed by Garriott,? and Fassig®
issued & comprehensive bulletin covering the period from
1876 to 1911, inclusive. Inaddition, Vides * fully covered
the hurricanes that directly affected the island of Cuba.

TRACKS OF TROFPICAL CYCLONES OF THE NORTH
ATLANTIC OCEAN

The storms for each of the so-called hurricane months,
June to November, during the years 1887 to 1923,
inclusive, are charted separately as Figures 1 to 8. The
September and October tracks, on account of their
great number, are 'divided, those for the first 15 days of
the month appearing on one figure and those for the
remainder of the month on another. In addition, the
paths of three storms that occurred in May and December
were charted, but the chart has not been reproduced.
Each storm is assigned to the month in which it origi-
nated, irrespective of the date on which it reached land
or became severs, if at all. The storms are classified in
accordance with their intensity while south of latitudes
30° to 35° N., and are divided into three groups, as
follows: »

1. Storms of known hurricane intensity (with winds of
at least 60 miles an hour reported).
_ 2. Storms whose intensity is in
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.

doubt, because of an

18:32Ar§dreas P(’i;sg: Table chronologique do quatre cents cyclones. Paul Dupont, Paris,
, 8vo., pp. 49,
4t7 LB, Ggm-rl&om: West Indian Hurrleancs. Bulletin I, U. 8. Weather Bureau, 1900,
0., Dp. 63, plates 7.
3O, L. Fassig: Hurricanes of the West Indies, Bulletin X, U. 8. Weather Bureau,
1013, 4to., pp. 28, plates 25,
43, Vifies: Cyclonic Circulation and the Translatory Movements of West Indian
Hurrieanes, U. 8. Weather Bureau, Publication No., 108, 1808, 8vo., pp. 34,

June (fig. 1).—Practically all tropical disturbances
in the regions here studied originate either over the
Caribbean Sea west of longitude 80° W. or over the Gulf
of Mexico, and comparatively few are of hurricane
strength. Every June storm that has developed over
the western Caribbean Sea has moved for several days
in a northwesterly or a north-northwesterly direction
before recurving. Of the 16 June storms charted, 9
dissipated before reaching latitude 37° N. and 2 others
before reaching latitude 45° N,, while the remaining 5
maintained their identity for a much longer time. One
of these reached the coast of Norway before dissipating,
and another disappeared north of Iceland.

July (fig. 2).—In this month there was only one more
storm than in June, but the probability of a tropical dis-
turbance developing hurricane strength is then much

greater. Only 2 of the 17 July storms developed over
the western Caribbean Sea and only 3 over the Gulf of
Mexico. One of the remaining July storms developed

in the vicinity of the Bahama Islands, 3 some distance to
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 reaching latitude
45° N., while the remaining 5 were traced for much
greater distances, 2 of them disappearing in the region
southwest of Greenland. '

August (fig. 8).—In this month a marked increase was
found both in the number of tropical storms and in the
percentage of the total number that developed hurricane
mtensity. The place of origin was found, in many in-
stances, far to the eastward. None has originated over
the Caribbean Sea and very few over the Gulf of Mexico
during the past 37 years. Many of the August storms
originated in the vicinity of the Cape Verde Islands.
Some of these moved westward, entering the Caribbean
Sea and passing south of the islands of Haiti and Cuba;
others turned more to the northwest before reaching the
Lesser Antilles and passed north of Haiti and Cuba. The
remainder moved northwestward, recurving 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 all except 2 in this class dissipated
without recurving soon after reaching land. One of
these 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. It origi-
nated far to the eastward of the Lesser Antilles before the
end of August. Of the storms that passed north of Haiti
in August a few reached the middle Gulf coast before re-
curving, but the great majority of them recurved east of
Florida. The August storms that recurve usually travel
far. No léss than 14 of the 39 charted were traced at
least as far east as the longitude of Iceland and several
much farther.

The height of the hurricane season is reached during
August and the first part of September. Over 54 per
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cent of the true hurricanes of the past 37 years developed
within this period of approximatef)y 6 Wee{s. In August,
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, first half (fig. 4).—During this time tropical
storms, as a rule, move northwestward rather than west-
northwestward before recurving. However, some do not
recurve at all, but are deflected to the westward by anti-
cyclones to the northward and reach the west Gulf coast.

he great hurricane of September, 1919, is one of this class.
Before the middle of September disturbances again
develop occasionally over the western third of the Carrib-
bean Sea, and there is an increase in the number that
develop over the Gulf of -Mexico. '

While all tropical storms in the Northern Hemisphere
apparently seek to move northward at the first favorable
opportunity, this tendency is especially noticeable in
the 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 this study of tropical storms
progressed, it became more and more apparent that any
tropical storm will recurve into a trough of relatively low
pressure that may exist when the trogical storm arrives in
the same region, irrespective of the longitude or the time
of the year. The fact that the great majority of the

est Indian hurricanes during the early part of the
storm season recurve farther to the west is due solely to
the infrequency then of troughs of low pressure east of
the Atlantic Coast States of the southeastern United
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
is shown on the weather map. However, as autumn
approaches, storm activity in extratropical regions in-
creases and the breaking down of the Atlantic high
pressure area occurs more often, so that the chance of a
westward-moving tropical storm encountering one of these
areas of diminishing pressure with south or southwest
winds aloft is materially increased. If as large a number
of storms should develop east of the Lesser Antilles after
the middle of September as before that time, it seems
certain that a larger percentage of them would recurve
east of the longitude of Bermuda because of the con-
tinued increase In storm activity in extratropical regions
and the consequent increase in the number of troughs
of low pressure Into which the tropical storms might move.

September, last half (fig. 5).—During the latter half of
September there is a decided decrease both in the number
of tropical storms in the regions under consideration and
in the percentage of storms of hurricane strength. While
the total number of storms is much smaller than for the
first half of the month, there is a marked 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 September 11-21,
1887, and October 12-17, 1912, both of which moved
inland a short distance north of Brownsville, Tex. Only

‘and into Mexico in the vicinity of Frontera.

one hurricane that developed during the latter half of
September was traced bacE to the vicinity of the Cape

Verde Islands; however, it is quite likely that others,

first noted between longitudes 50° and 60° W. originated

near those islands; but lack of vessel reports at the time

made it impossible to extend their tracks farther to the

east.

A large percentage of all September storms of tropical
origin reafﬁl high latitudes before dissipating. No less
than 17fof those that occurred during the past 37 years
reachedfat least 60° N. and 14 of these were traced
beyond 65° north latitude.

October, first half (fig. 6).—After noting the decided
decrease in the number of tropical storms that attain
hurricane strength during the ll:ztter half of September,
it is rather surprising to find that there is another period
of maximum frequency of these severe storms during the
first half of October. This period shows a total of nearly
twice as many as the latter half of September, more than
five times as many as the latter half of October, and
nearly two-thirds as many as the first half of September.
No explanation of this anomalous distribution is offered.

Many of the early October tropical storms move in a
north-northwesterly or west-northwesterly. direction for
several days beforerecurving. The paths of some appear
quite erratic, due to the control exercised by areas of
high pressure which at this season of the year are begin-
ning to move across the United States with greater fre-
quency and whose influence extends considerably farther
south than in the summer season. The paths of three
October storms described a loop (always to the left),
notably that of the hurricane of October, 1910, that,
twice passed over the western end of Cuba. (See figs.
46—533) Another October hurricane, that of 1922, was
deflected to the southwest over the Bay of Campeche
This 1s the
only instance of the kind during the 87-year period.
Again, as in the latter half of September, only 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
Antilles. .

Qctober, last half (fig. 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 they enter the Gulf of
Mexico. The hurricane of late October, 1921, that
passed eastward over the Florida peninsula north of
Tampa was a notable exception. o other true hurri-
cane that developed after October 15 has entered the
Gulf of Mexico during the past 37 years, although a ver
few that developed previous to the 15th entered the Gulf
shortly after that date. None of the late October storms
were traced back to the vicinity of the Cape Verde
Islands, but there 18_a possibility that a few of them
originated in that region. As in September, a large per-.
centage of these tropical storms that develop during
October do not dissipate. before reaching high latitudes.
Of the 71 charted there were 20 that moved as far north
as 60°, and 10 of these %assed beyond 65° north latitude.

November (fig. 8).—The November storms here con-
sidered are few in number, and some of them are appar-
ently nothing more than disturbances that develop in the
southern end of troughs of low pressure moving eastward
over the United States and extending much farther south
than during the warmer months. The 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



Fig. 1. Tracks of Tropical Oyclones of North Atlantic, June
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Fig. 2. Tracks of Tropical Cyclones of North Atlantic, July
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Fig. 3. Tracks of Tropical Cyclones of North Atlantic, August
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Fig. 4. Tracks of Tropical Cyclones of North Atlantic, September 1-15
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Fig. 6. Tracks of Tropical Cyclones of North Atlantic, September 16-30
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Fig. 8. Tracks of Tropical Cyclones of North Atlantic, October 1-15
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Fig. 7. Tracks

of Tropical Cyclones of North Atlantic, October 16-31
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Fig. 8. Tracks of Tropical Cyclones of North Atlantic, November
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WEST INDIAN HURRICANES 5

since 1886; one of these was the exceptionally severe
hurricane which passed very slowly over the western part
of Jamaica in 1912, This storm is described in detail on
a later page.
YEARLY FREQUENCY
The number of tropical storms of the North Atlantic

Ocean for each year of the period 1887-1923 is shown in
the subjoined table:

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 September, falling to 12 during the last half,
rising to 22 during the first part of October, and followed
by a sudden decline 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,

. The average number of storms for each five-year f)eriod
did not vary materially from 1892 to 1916, inclusive,

ut 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,
So that the total number of these storms during the past
Seven years, 1917-1923, inclusive, would just equal the
Smallest number recorded during any previous five-year
Period since 1886. :

. Monthly frequency of West Indian hurricanes and other iropical
storms of the North Atlantic Ocean (1887-1923)

. ) May | June | July | Aug. {Sept.| Oct. | Nov.| Dec. | Season
II;T'umber of SLOrMS. . - oo 1] 16| 17| .88} 78| 71| 15| 2 230
Oreentage. .. wunemem o 7 7 6] 331 30 [ )
: : Storms. .
ooy Doubt; §0t ?f
nown oubt- urris
hurri- ful cane in- Total
cane in- tensity -
tensity
My T 0 i I 1
L 6 5 5 16
July 77770 10 3 4 17
Augygf T TTT oI 32 3 4 39
Sentembyer. 7.2 T_oIIITIIIIIIIIIIIIIT 46 15 17 78
L R 26 23 22 71
OVember. .- oo 2 6 7 15
Deeemnber 7777 0 2 0, 2
P TOUBL oo 122 57 50 230
rcentage. . ... | 51 24 25 ...

3701—24}——2

18860 177TTTIIITTII 10| Te08T I TTTITIITI 6 8 during the last half, 12 during the first part of October,
1889 _ . 811909 __ o _____ 12 and 11 during the latter. Of the tropical disturbances
1890 . 910, 4 not of hurricane intensity, September showed 5 for the
igg% -------------------- 1$1) igg -------------------- % first part and 12 for the last half, while October showed
18931 TTITITTIITTTTTT q3|aen3l IITIIIITITIIITITIT 40 13 and 9. The totals for the semimonthly periods were
1894 _ . ____ 611914 _ .. 2 September, 46 and 32; October, 47 and 24.
1895 611915 5 he above figures show that 149, or 62 per cent, of
%ggg; """""""""""""" g }gig’ ----------------- lg the total iof these 239 trogical storms recorded during
1898 TTTIITTIITIT qlie18lllIIIIIIIIIIIITTITT 4 the past 37 years occurred during the months of Sep-
1899 ... 511919 ___ .. 4 tember and October, and 188, or 78 per cent, during
1900. .l 611920 ... 4 the three months, August, September, and October.
I mmmme o Rt 2 Further examination of the figures shows that when one
1903> " C TTTTTITITITTIITT 8|19 JIIIIIITITIITIITTT 5 of these tropical disturbances develops during June there
1904 _____ T _TTTTTTTC 9 —— are about 3}4 chances in 9 that it will increase in in-
}ggg .................... g Total. ... 239 tensity until it reaches hurricane strength; during July,

The above numbers are presented
graphically in Figure 9. :

f the total of 234 tropical storms in \

theregionsunder considerationduring __* \
the 36-year period ending with'1922, s,
138, or 59 per cent, occurred during > ~ A
the first 18 years, and 96, or only 41 &y ALA
%er cent, during the second 18 years. s / \4 \ /\ A A / \ / \

or the whole period an average of <8 :
614 storms occurred per year, but 2 \ l \ \ / \ /\ \ l \
during the last 18 years this number §© \ ~
was reached or exceeded only four g \ I \ \ / / \ / \ —
‘times, and not at all since 1916. & * Y
Grouped' in periods of five years
_eachb(omitting fl%?fz and 1923) the
Numbers are as follows: 0 : - 2
lssr1son .. 46 | 10071011 .. 29 28§28 gggegieeaeegyl
1897-1901___. 33 | 1917-1921_._. 19 F1G. 9.—Huricane frequency, 1887-1923
1902-1906__._ 33

5 in 9; during August, 734 in 9; during the first half of
September, 614 in 9; during the latter half of Septem-
ber, 314 in 9; durin&gl the first half of October, 4 in 9;
during the second half of October, 134 in 9; and during
November, 1 in 9. ° ;

PRECURSORY SIGNS OF TROPICAL CYCLONES

Accurate and detailed observations of the high clouds,
especially cirrus (Ci.) and cirro-stratus (Ci.-gt.), when
made by an experienced observer may often be helpful
in determining, first, the presence of a distant tropical
cyclone, and second, its geographic position with refer-
ence to the observer. The late Rev. Benito Vifies, 8. J.,
director Belen College Observatory, Habana, Cuba, was,
among the first to study the connection between the
movement of the high clouds, Ci. and Ci.-St., and the
movement of tropical cyclones. L.
The results of Father Vifies’ labors 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 Vifies secured a
revision of the translation, except the last few pages be-

® Vifies Benito: Investigation of the cyclonic cireulation and travslatory movement
of West Indian hurricanes, W. B., No. 168, Washington, 1898.



6 SUPPLEMENT NO. 24

fore the death of the author. It was published by the
Weather Bureau as an extract from IéVeather Bureau
Bulletin No. 11. Some of the conclusions of Father
Vifies are summarized in the following paragraphs:

In the West Indian cyclones the rotation and the cyclonic circula-
tion take place in such a manner that the inferior currents, as a rule,
converge more or less toward the vortex; dat a certain altitude the cur-
rents follow a nearly circular course, and higher still their course is
divergent. It is particularly to be noticed that this divergence is all
the greater as the currents occupy higher altitudes, until a point is
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 eyclonic 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, that 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,® whose studies
were made at Key West, Fla., was in a 1gosi'oion to supple-
ment those of Father Vifies, since both
same geographical district as a background. Another
careful observer who should be placed in the same cate-
gory is Mr. John T. Quin, editor of Avis, Christiansted,

t. Croix, Virgin Islands. Mr. Quin’s contributions may
be found in the MontHLY WeaTuErR REVIEW for 1904,
1907, and 1909, volumes 32, 35, and 37. The observa-
tions of Mr. Quin lead to the conclusion that some of the
earlier results of Father Vifies should be modified 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 space to the subject in his
work on ““ Cyclones in the Far East,” 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.
Sg]ually weather.—A rather reliable indication of the
development or af)proach of a tropical cyclone is an un-
settled and squally condition of the 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 Cyelonic Storms in the

ay of Bengal ® concerning the relation between squally

¢ Boyer, H. B.: Atmospherie circulation in tropleal cyclones as shown by movement
of clouds. Weather Bureau, Washington, D. C., 1886.

7 Garriott, E. B.: West Indian Hurricanes, Weather Bureau Bulletin H, p. 9.

8 J. Eliot, second edition, 8vo., Calcutta, 1900-1901.

ad practically the.

weather and cyclones, while based upon a study of the
storms over a particular area, perhaps are quite as aﬁpli-
cable to tropical cyclones in other parts of the Northern
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 it 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 eyclonic e¢irculation, 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 at which the change from
the antecedent disturbed squally weather to the eyclonic 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 cyclonie storm, and they become
more and more prominent and more frequent and severe during the
birth and growth of the cyeclonic storm. It should, however, be
carefully noted that squalls more or less severe occur under geveral
sets of conditions, and it is hence desirable to discriminate between:
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 ¢yclonic storm.

Thunderstorms.—Thunderstorms sometimes, but not
ilways, accompany tropical cyclones, but as they occur
during the storm and not before it begins, they can not
be considered as precursory signs. Vifies® regarde
them as evidence of the breaking away of the storm:

The absence of electrical discharges within the cyclone is a phenom-
enon so constantly observed that whenever during a tempest the
rolling of thunder is heard or flashes of lightning are perceive
this is considered as a favorable sign indicating the speedy disap-
pearance of the storm. KEspecially among the country folk this
opinion is general and deeply rooted. The crashing of thunder an
the crowing of the cock are here the barometer of the farmer during
cyclones, a barometer which, as he affirms, never deceives him.
As long as the rooster does not crow, nor is there heard any peal ©
thunder, the storm will continue to rage in full force; but as 5002
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,!® and he arrived at the following con-
clusions:

¢ B. Vifies 8. J.: Apuntos sobre los huracanes do las Antillas. Habans, 1877, p. 10,
1], M. Cline: Mo. WEATHER REV., March, 1920, 48:127-146,



WEST INDIAN HURRICANES ' 7

. 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
eyclonic 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 storin
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 rapid movement
of the waves through the storm area and across the Gulf. * * *

he speed varies from 30 to 45 miles an hour. The rapidity with
which the waves travel depends both upon the extent of the eyclonie
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 right,
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

e hurricane of September 11-14, 1919, when the barometer at

urrwood, New Orleans, Galveston, and Corpus 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
ghltzinge in the course of the storm as plainly as could possibly be

old.

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
Ow tide should be telegraphed from coast stations with each obser-
Varion, and these should be plotted over the predicted tides.
‘h_e place where the water exceeds the predicted tides and continues

‘Tsing 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 a considerable distance in space and time
Y the rapidity of the rise in the water and the extent of the coast
Over which the rise is taking place.

. The time between the commencement of the rise in the water
at shore and the arrival of the hurricane will depend upon the
Tapidity with which the cyclone area is advancing and the intensity
of the hurricane.

. 7. If the point of greatest rise shifts to the right or left, this

Indicates that the storm is changing its course in that direction .

Oward which the increased rise is taking 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
an 1 foot for hurricanes of equal intensity than when the crest
of the storm tide is coincident with low tide, and in foreeasting
Storm tides this must be borne in mind.
e The regular tides are not obscured at any time by the storm
lde except at or near the point where the center of the storm
Oves inland, and then for only about 12 hours before the passage
Ot the center of the hurricane.
thm: 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

(‘;’f the point where the center, of the storm moves inland. High
tater, however, ig experienced to the right of the eenter for a dis-

Ance of 100 to 200 miles. )

¢ 12. The water commences rising at the shore toward which the
ty clonic area is advancing in less than 24 hours after the center of
we, cyclonic area has entered the Gulf. The waves and swells
r.hlch give this rise must have moved through and out of the rear
tilght-hand quadrant of the storm area within 12 to 15 hours after
o € center of the storm entered the Gulf of Mexico. This indi-
8tes that with a fetch of 150 to 200 miles in the rear right-hand
%u&drant of the cyclonic ares the winds furnish sufficient energy
4°5 develop waves and swells of a size and length that travel 30 to
t. Iiles per hour, reaching the middle Gulf coast, 400 miles dis-
ir?m" in 10 to 15 hours, and the Texas coast, 800 miles distant,

15 to 20 hours.

The fall of the barometer.—TFassig! says in regard to
®hanges in the barometer, the wind and the clouds:

fe The premonitory signs enumerated above are the most important
a Atures of the weather conditions preceding the storm area proper
‘Yﬁ?e are generally observed at distances varying from 500 to 1,000

\s in advance of the center of a storm. Within the radius of a
1

dtg 0. L. Fassig: Hurricanes of the West Indies. Bulletin X,l U. S. Weather Bureau.
" Wﬂshlngton, D, ¢, 1912

L

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 beging to fall slowly but
steadily, although the diurnal variation is still well marked; the
wind begins to increase in force, obliterating normal diurnal
changes, and backs to the east or northeast, if the observer is

* directly in the path of the storm, or changes from 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. When the storm center
is still far distant, the phenomenon called the ““bar of the cyclone”
may frequently be seen. This is & 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 uslially most conspicuous.
about sunrise or sunset. When it 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, F. A. Ober, published in 1880, the follow-
ing is found (p. 179): ,

Immediately preceding the hurricanes, there arrive off the
Caribbean coast (of Dominica) vast numbers of birds called,from
their cries, “Twa-00”. 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 scoty
tern (the Sterna fuliginosa), 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.

AVERAGE 24-HOUR MOVEMENTS OF TROPICAL STORMS

In Table 1 the following data are given by months for
the years 1887 to 1923, mclusive, for each 214° 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-fifth
meridian time (except in a verg few instances when it was
necessary to interpolate in order to secure sufficient data
of fast moving storms); (2) the averaﬁe azimuth of the

osition of the center of all storms 24 hours after having

een observed within the square, in degrees reckoned for
simplifying the computations, from the west, as zero,
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 214° square.

The average, both unsmoothed and smoothed, 24-hour
movements of tropical storms that originated during the
months June to November, inclusive, are shown graph-
ically in Figures 10 to 21, inclusive. The unsmoothed
and the smoothed values for each month are shown on
the same page the one above the other. Because the
data for many of the 214° 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 frequency. Proper weight was given to the
number of observations in each square. The values thus
obtained were entered on a map and lines of equal angular
direction and lines of equal 24-hour movement were
drawn, using a convenient numerical interval. From
these lines the smoothed average values for each square
were obtained by interpolation. L



8 SUPPLEMENT NO. 24

TaBLE 1.—Average movement of tropical cyclones, 1887 to 1923, inclusive.
Explanatlon of headings:
“No.”=Number of observations (in each 214° square) upon which averages are based.
“Dir. "—-Average direction of movement of storms, measured in degrees clockwise from west as zero azimuth from 234° squares during succeedmg 24 hours.
“Mov.” = Average 24-hour movement of storms, measured in miles.

JUNE
West longitude
North latitude 100°-97.5° 97.5°-95° 95°-92,5° 92.5°-90° 90°-87.5° 87.6°-85° 85°-82.5° 82,5°-80° 80°-77.5° 77.5°-75°

No.| Dir. | Mov.{No.| Dir, | Mov.;No.| Dir, | Mov.|No.| Dir. | Mov.|No.| Dir. | Mov.|No.{ Dir, | Mov.|No.| Dir. | Mov.|No.| Dir.| Mov.|No.| Dir. | Mov.|No.| Dir, | Mov.

15°-12,6°.
12.5°-10°.,

40°-37.6° ...
37.5°-35°_

35°-32,5°_

32.5°-30°.
30°-27.5°_
27.5°-25°
25°-22,5°_
22.5°-20°_
20°-17.5°_
17.5°-15°_
16°-12.5°.
12.5°-10°.

40°-37.5%__ . |oo|eeeofeeaaas

bk 100 i DD
oc
S
b
&
o3

SEPTEMBER
400_37 PSR AT N FUUCE AU AU AU U FUUU NSNS MU AU AU SO AN NSO N AU I 2110 | 450 1)1261 700| 2 98| ss50| 4|125| 578
400 1t 93| 500| 2| 130| 5751 4 115 656 | 8| 112 | 408
200 2} 140| 488 2| 88| 350| 8 141 | 608 |oooo|ooo-ofocame-
525| 3| 68| 550 | 2| 88} 700 | 2 131| 2251 5| 121 366
2251 2| 66 325 4{105| 481{ 5 89| 310] 3| 98¢ 808
204 1| 24| 325| 4| 91 204 4 82| 338| 5| 118 345
244 | 2} 69| 275| 7| 84| 257| 2 38| 350} 7| 60, 282
20810 46| 242| 2| ¢7| 288 | 2 13| 300 2| 62| 288
6| 57| 258 3| 36 208| 4 33| 256 | 4| 32| 300
4| 43| 240 3| 37| 28| 8 20| 268) 3; =21 300
4 58 212 1
3] 04] 242 |iucunnon.

17| 71027 400

"""""" 1 7| 111 | 468

1 8 8|17 | 269

%’ ; o

g g 2104 | 476

511 262 |11 3 i\ 3| 880

102 | 200 4 7 3| 50| 288

- JRSSIR RO . 1 3 1| 23| 2%
12.5°-10°. ... U SR S, FRNURY SN A PR SN A JROREN SRS A JE SN [P RS A 3] 64| 167 ). fiaeleceemn

I
NOVEMBER
. .
5l e |8
1]120] 280
1| o8| 128
1| 130 {1,050
Ty |
1] 145 | 500
1| | 809
1] 143 | 380
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TABLE 1.—Average movement of tropical cyclones, 1887 to 1923, inclustve—Continued.
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. THE TWO PRINCIPAL REGIONS WHERE TROPICAL CYCLONES
DEVELOP IN THE NORTH ATLANTIC OCEAN

Cyclonic disturbances apparently do not develop
within several degrees of the Equator, because "the
deflective force of the earth’s rotation can not be effec-
tive in originating a vortex on or near the Equator.
In this study of tropical cyclones in the North Atlantic
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 it is that a cyclonic storm will develop there.
It is generally agreed by meteorologists that high tem-
perature and high humidity are favorable to, if not essen-
tial, in the development and maintenance of ‘a tropi-
cal cyclone. Both of these requirements are fully met

SUPPLEMENT NO. 24

In June the doldrums in the longitude of the Cape Verde
Islands are in about 8° to 9° north latitude. Hurricanes
never develop in the eastern Atlantic Ocean during that
month. In August and September the doldrums in
this longitude are about 12° to 13° 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
orce and direction of the wind 1s nearly the same as
in September. Therefore, if it be true that moisture
is essential to the development of tropical cyclones we
should expect a greater number of such storms to develop
here in August tiavn in any other month. The maximum
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Fi6. 22.—Average wind direction and velocity by Beaufort scale 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 change their direction, due to the deflective force
of the earth’s rotation, and become southwest winds
when more than about 5° north of the Equator.

Figures 22 and 23 are reproduced from Bulletin No.
95 of the Dutch Meteorological Institute. They show
the average wind direction and force for each 1° square

over the ocean between latitudes 0° and 25° N. and

longitudes 0° and 40° W. for the months of June and Sep-
tember, 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 at its height.

_ the

number does oceur in’ August, although several storms
have developed here during the first half of September,
when, no doubt, the humidity is about the same as 1D
revious month. :
ow, whether any one theory or a combination of
various theories, however named (thermal, convectional,
dynamical, counter current), of the origin of tropic
cyclones is correct, the causative conditions seem b0
exist in the highest degree in the region immediately
south of the Cape Verde Islands during August and the
first half of September and there in no other months;
unless decidedly abnormal conditions prevail.

In the publication ‘‘Remarks to Accompany Monthly
Charts of Meteorological Data for Square 3,” i2 issued bY

12 §quare 3 is that part of the Atlantic that extends from the Equator to 10° N Orr?_
latitude and from 20° to 30° West longitude. The %ublication referred to was P!
pared under the direction of Capt. Henry Toynbee.—Ed.
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able influence on the course of hurricanes. In Weather
appears in regard to the weather conditions over the Bureau Bulletin A, Summary of International Meteoro-
region referred to above: logical Observations, 1893, the following is found:

The strong southwesterly gales experienced between 9° and 10° * % ¥ Bome of the more important storms that originate
N., considered in connection with the strong northeast winds near the West Indies do not recurve to the northward, but move
between 16° and 20° N., in August seem to indicate that the breed-  westward over the Gulf of Mexico and dissipate over Mexico or
ing place of the West Indian hurricanes lies between them. * * *  the southwestern States. In such cages high barometric pressure

The doldrums are nearer the Equator west of longitude to the northward apparently prevents a recurve.
30° W., and do not occur at all in the eastern two-thirds No attemﬁt was made to explain just how high pressure
of the Caribbean Sea. Hence tropical cyclones rarely to the northward does at times prevent the recurve of
develop over the Atlantic west of longitude 30° W., and never  hurricanes. It is well understood that no tropical cyclone
over the portion of the Caribbean Sea east of about longitude  will recurve in the Atlantic Ocean or the Caribbean Sea
78° W. Inasmuch as the doldrums in the Atlantic Ocean so long as:the more or less permanent anticyclone that
are always north of the Equator, no hurricanes should be  extends from the vicinity of the Azores west-southwest-
expected in the South Atlantic Ocean, and none occurs. ward over Bermuda to the coast of the United States

WEST INDIAN HURRICANES
the Meteorological Office, London, in 1874, the following
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F16. 23.~~Average wind direction and velocity, Beaufort scale, for each 1° square over the Atlantic, September

Over the western third of the Caribbean Sea, especially  persists; it will be carried along in the general drift of the
In the region a short distance north of the Isthmus of atmosphere at the higher levels, say from 3 to 5 kilo-
Panama, a belt of doldrums appears at times, especially —meters above the surface, and it will skirt the southern
at the beginning and near the end of the hurricane season. ed(gie of this anticyclone and recurve to the northward
This, quite likely, is the extreme eastern end of the Pa~- and northeastward around the western end of it. :
cific belt of doldrums, which is usually just south of the The earlier forecasters of the Weather Bureau were
Isthmus of Panama, as shown by Figure 24, and which  doubtless aware of the fact that an anticyclone moving
has shifted northward beyond latitude 10° N. Thus con- eastward or southeastward across the United States, so

ditions in the western Caribbean Sea at these times be-
comes as favorable for the development of a cyclonic dis-
turbance as they are in the region south of the Cape
Verde Islands in the months of August and September.

THE INFLUENCE OF ANTICYCLONES ON THE DIRECTION OF
MOVEMENT OF TROPICAL CYCLONES

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

timed as to lie athwart the path of a tropical cyclone
advancing from lower latitudes, would prevent the latter
from moving north or northeast, but little or no discussion
has appeared in print. The late E. B. Garriott, who
prepared the text of Weather Bureau Bulletin A*® under
the direction of Major (now General) Dunwoody has
discussed the subject in an unpublished manuscript, and
more recently Bowie ! stressed the controlling influence

1 Loe. cit, 1# B, H. Bowle: Mo. WEATHER REV. 50:173-179,
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of anticyclones and gave examples of their effect in pre-
venting the recurve of tropical storms, as shown in the
following extended excerpt from his paper:

* % * Ttis a generally recognized principle in weather fore-
casting that in the Northern Hemisphere a ecyclone moves so as to
keep the area of high barometer to the right of its course. In
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.
* * % Ttis, 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 the cyclone, * * *

There are printed in connection with this paper Figures 25-32,
showing the general distribution of pressure atiending the move-
ment of the hurricane of August 14 to 17, 1915, across the Guif
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. * ok

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.

* K 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 magnitudes of the anticyclones and their attendant
wind systems. ence 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 cyclones, is here inserted. It will be referred
to later in the 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. 46-53.) 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-15th, when
its northward progress was barred and its path deflected
to the westward by the easterly winds at the intermediate
levels, which winds, in turn, were controlled by an anti-
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 increasing pressure, and moving south-
eastward toward the mouth of the Rio Grande. This
anticyclone also controlled the circulation up to a con-
siderable height as far as the southeastern Gulf 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 began to move rapidly east-northeastward. Its
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 changing to south-
southwest as the pressure again increased from the vicinity
of Bermuda southward. The hurricane, carried along in
the general drift, reached the Georgia coast by the morn-
ing of the 19th. The anticyclone How moved eastward
from off the New England coast, and the hurricane moved
northeastward along the coast, later partially merging
with a trough of low pressure that advanced rapidl\;r east-
ward over the Lake region and the Great Central Valleys
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 path of this storm pre-
sumably would have been somewhat similar to the effect
a strong anticyclone over the Middle and North Atlantic
States and the St. Lawrence Valley had on that of the
hurricane of late October, 1921. (Séee fig. 7.) Bowie®
in deseribing this tropical storm says:

* * * Up to the time the storm passed inland near Tampsa,
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 this

period. This but confirms the opinion of the writer and others
that the winds flowing out from and around anticyclones very
jergely determine the movement of tropical ecyclones.

The anticyclone referred to immediately above remained
almost stationary for several days, but its influence ex-
tended southeastward to Bermuda, where there was &
marked increase in pressure during the 26th-27th. Later
reports by mail from vessels in the vicinity of the hurrl-
cane’s path showed that the stbrm moved east-southeast-
ward after leaving the Florida coast (the only instance of
the kind of which we have record) until the longitude of

‘Bermuda was reached, after which it moved due eastward

for a day, then rapidly northeastward, partially merging
with an extensive low-pressure area that remained almost
stationary for several days in latitudes 30° to 55° N. and
longitudes 40° to 50° W. .

wing to the position and movement of two antl-
cyclones that materially affected its course, the storm
of October 2-11, 1913 (see figs. 54 to 65), moved in 2
decidedly abnormal path; in fact for a few days it

1 E, H. Bowie: Mo. WeATHER REV., October, 1921, 49: 567.




Monthly Weather Review Supplement No. 24

(To face page 17)

Q

60

40

72

%—;S/".

3

7

W

D
y .

8
R A
E ; (N &”zb

F16. 24.—Winds over Atlantic Ocoan, July and August (alter Bartholomew’s Physical Atlas, Vol. IIT, Plate 14)



19

WEST INDIAN HURRICANES

rn ) o — 0 £y oL £ ) ) ; ) 001
\ﬂ\mu_..wﬂ.\, 86 ;\M.\.\t V f weg Gi6l ‘el Ony \uﬂﬁ./l .\M\aﬁu_w H V f ..M =g Gisl ‘2t Sny
gt Pl ¥ i e | —— 82 - rimre ) s o — 2
7 ] ;
X v ¢/ ~—~ s /. AN , N ™~
VOIN, .
=, , e wiard R LGN L AN L e |
- ook ,lmm@.vwﬂmu nV\o\\.VW/. -\.« Py q.&u/ ¥ gl Sy %wr ] K M.P\Wr
~ ;ﬁ% \wepsry T/ MH o A TP — 7t jj E
3 G g 4
// uL...M/Mm/ SE e g2 “%ﬁ / AN - Vwﬁ....o I\ g e e ) e
/ ,.IA ’ L / h f
N ﬂ”»«{ﬁ&“ N ™~ LN odass AN
rog{—_| T _wwm: — . ’ i .
] . : . ontac)
~ Me fs | x| oo I %@i o[
N TN - Ryt A e
HOIH
, N@ A q/.% oul_) . \\ .
\ iaﬂm ' C
o a0V ﬂvt el \
— I NEV ™ .
Vo 0.0n\ IV T Okrm o¥ bpe —.Onn -_rl T mmaﬂ
95 | o o ,—w. [ o0 o Y o w0 2 oot
T W= aw L =Y NNERECE
e ?;.T&\.&nm i..-,w _/ 9z 013 o 4 V.nn_m. e 52 B3
" N |56z N L.c(;// nuNMWm/‘. ‘ (m\ L(f/
(3 gl 2 e .
TR A BpdENENIEEZVA NEENGIEN SN
Kl LT A= i S NN Al
/ ¥ 562 t&% = i _F k\.r =3 oo aeed . 7 4=
i Frﬂ) B ey s T \ roe Bt N Bl e s e v o A
) T N N prosns:
—— o J M
ooel—T"| . Mrl_r v? ..;.wht.- / ’ S ‘? .\-w-.ﬂ ™ L)
NORTER s \ ) NI \
e p \ / fon .nf,., // MOl
i ﬂ}\. Sl HOH \ i f.;. Is{u\a&m N
oppesdoepnr) \ X o I \\ b . -.-/V\Iuﬁ\,ﬁv - mﬂ./au
AN, e \] _ N L L
, rs \ J \ Y \
= & Ve = (
e e A A mnﬁ\\ pd Bl 4 a
kg \ h
l.’\w :lld% 667"} ON“. n -.On\\ ooe . vllww\ ..dAm | |




SUPPLEMENT NO. 24

20

4 -, i3 3
1.Q 3 [ [ 58 [3 46 ool [ o8 sty [ (74 a'ET 58 am . o,
! = =1 ey 160 4 jrse | “ < o
: : wa 9 g6l 'L = SRS\ AL | ] v g 5161 o
- > ? TS s n\% 967 \ 12 513
” .me o * e JHR. $10u \
e e L e 1Y \ ) ] !
T
Y
. 8y
sz! T i ST
\
OE; \ UL
7
" = o A
—3 s¢] a aath; EYA g¢]
= ; S :
o ¥ 7
X et
=" X i 5
- Y Zyt 1 f
e % S T . ! A
S — = = e X :
== Eer=50% 1> = ===t 7 N
~ o ey 04 o B - f T~ :
e = \ i Jas — : i ~.
S Yo A0 =g N
1 i 5w ¥ o~ = s W ‘-
ey LN Y i v e T S—— : H
. 3@ f ) w4 s —iX J_\wﬂ\ f \/, A
=5 a=r=— = L Ay
o 5b) e ~ - : //ma
| .
L — T F.
og
v
5 55 5] %5 (73 S5 06 E ©6 86 GOl &l Gl {3 o2t B ot
oL - §62 S¢ 0 662 P [ 6 oot ot oIl s11
T 0 ez V N / = "
e (4 & 163 1. B oz
¥ 62 ge/ 4
o8 - A 1
= -~
-
— =F ) .y <,
s — T > Y \ S|
=t hro— = 5o > '
= o : o g £
¥ = ¥ s S e S >
V08 - —— ¥ It \ 662,
¥ It < "~
g Ay .
Y —— X Mg e e A
— : —— = .
3= o= 18 = oy — T\
=X Y ——— 1 —r\ NI B P
= T Y = =\ ! T .~ boc
——% ii@f: - v 5 3 — v 1 ] ~
\ — e = } — H
) T T Z—t 4 ~. i !
= — Y T E N f -
n s wma Y U K
—— = i i
Y - XY A v —\ L 3 N
Y = e = == o N Aiodyy B .7
e : == = N 2 S )
= = et ™y ~ il
X - i — > s i L O] s
> = = A ¥ v & H H TI N Y
e e e e 4 i TN,
X Y e g e "y = i AY
LY = o spam TET=a a ] ! !
= . - X  — i \
~ e e X ; - 5 iy | \
DT i e o e St e o e 2| & i
(i oA o A e o o 10
595 Y e e e e e e e e .P ¥
A Peat———~ Tt = i ~.
oY ¥ - L“n - h‘!l—l[—“ 1 sf ~. 0%
! 5 ! ! .
\i ﬂ\ ; =] - <[ A _.~ ..
e ¥ R b .m oow... //u .~.
f.r\ jﬁ.fl -d FAR
N T~ V4 L
oy ~lf7 [T
$ <
-
.
- 3 *
4
9,
G ) () S 00 ) () %6 G0t WL N 3 RN 3 (53]




21

WEST INDIAN HURRICANES

— -~
S8 06 SH e S 011 Sil
3 T - 3 013 StE a_ St 5 BEY .
' 5 . ;
8 6164 ‘01 (N N 09 ‘616!
»3 ] . 02 pz > ? G
o¢ ‘614 ¢ gg B4
-4 ) .
- 62
M -
=3 £
{
p S 3
2 oe
3 j ~
! -
i ;
7 J
& H A
[ ZY -~ [
ke w 5 /Ny &
. i ! N
Of n j \
- v
m Ty
£ Vi [ &
T~ o
= g ~—
3
vi 1
-3
-
LOgs
oos
1 |M\.— Szt ol
a. oL Wi oil St
50 : - T
v g 6161 § =
2 - .
Bid
4 .
L, — ~—,
"~
J
—t . !
Ee—— Yot 5
ot Y ; i ~.
* t . ~.
L ‘ i .
A a i ;
; > 7
—_— ]
— & N 4. - 7. v, &
€ .., ,., i ~ \ Se]
T i i
L t I
== Ay e
wml.\ ¥ T . ]
.awa : r.mlo\
a= e Ll 2
oy == i 7o~ oY
3 Jio )T
{
Lo .»-/
. i
moﬂ \ - I.l..
<y ~— : -
L.
~
~.
5 ) SL & 001 - §01 Q3 ] ot (213 CEl

3701—~24t—4¢



SUPPLEMENT NO. 24

22

1] Sy i - [} T3 a8 - 8 05 [ Q0L [ ort
P LA & 62 '62 3 ~ 5
Vo 5161 N - &S Sz |\ wHg ‘6161
8 pz— 6 @ 62 62 8.
14 . GANE 8¢ ‘BI
.
o6 ™ 2 =
sz, | Q 4 \ ¢
-~ ﬁwrfo — Al
° 4 o~ T = .
- v X ; 12 o= (] 8
g6 } — S ——— pe TR
hO e e oc] X - T I Rl [t b
i e joc < —+ T - cra— i i iy
1 [ = = ¥ — — : — ! !
i - ED). =i i -
.. ! = = 7 A L 7 X g s. /
\ - == N A
T e AR Vi o o =< == ==
! \, T =8 ! ! PO
i ! N Z >, 7 [t 62/ k
=\ .{ o~ N f .m —7 Sy -—.i - \
3 ! . = i v 2 1 [
3 ! o5 SR .
R ¢ N A e 7 R, L &
i \I.I. . o1 vt | L4 4_. i T~
i ~ i b T~ Q i
in 4 e : - in /
Y 3 £6 i i 0
R/ o ® e 10 L i i i3
T 2 N RS
e ! <4 ol - Ny
- W\ 3¢ . <,
~_ O ) 662 I~
- N °3 - ‘ v AN ° 3 56z
v - ! Y g J
3 ) 3 (23 ] 8 N T S0t o1t~ SiT ozt Z1 CS3 K3 09 9 [ o8 33 06 3 T S0l ot 3 o2t SE1
F ¢ S 08 =3 o 6 . 001 08 ott SLE " oL K73 : o8 <3 3 3 Q0L St att
=7 - 5 > = : .
862 62 / ~ -~ g 862 (A . <
n . o st . , wp g ‘616] Z. o fel— = - 5 wp g EI6f T
T , 552 ber 14 N % 1g Bid
N GaN | - |
662 )\ Aﬁ =N ; - * \ \ .
S / /. te /1 <,
e [ > = —f 52) k= Qe v 3 -
. p J 62 H A
" . . & i HOU . A N ™
- A [t g // S i \ . Py yn - i
A V TN, /Ll i ro 3 A H ) T \} g
B ~\ \h ! ™~ B N, \ y [ SR ] ! S
~ Wl . - N L AL 1 i -
e 3 § ’ ~ ! s
yy- 707 At N / A L ! !
R 4 e, S ! . U0, U O 572 f oty SN 2
oot 7 N frK = =) l.l-.. LY N no -y ~ .Ts-. h e !..~. rI
" — X ~—— e " g OO A
ic P/ 7 Z S o 4 i ,J. \ sef - ) ! P .\? i rz ! =~ /..
3l Y ;i I \ | 3N\ + = : H \
= = 7 ] -, (4 s 1 A ] !
e A N Tl ) | : 1
=L # ey s ——
162 s - AN 11 ~/ - ! : _ t ! 1
: : ey Ly _ A B LR ez
~ 1 H ! ~ on e e T2 N SN
i . Hoeo Jb [T " 1 =i
3 % - ] R —“ ~ 1. . - : 1= 2 [ n\
2 i 2 ; ! p
\ o = i N \ ~y —3—7 ], i,
Y ¥ = . i
v t i b oyl ——— ~ ;
L WV ob o = Pa gy 4 a. G % >~fif
- Qo.«v 1" (.1 ~iL % .62 pra D A - Ly o
;@ 4 - T - A X .
£ 1y A +3 b IN R 08 >
»l
v L]
05 % (3 3 N I R T 3 T % % 3 - - T t i



23

WEST INDIAN HURRICANES

r 13 (113
[ e o8 <8 08 <8 001 - S0t o1t sit ] [ [0 J
K] - =y P/ H . Sy . R -
m— 662, wp g ‘LI6) oz ; wp g llé : -
P \ : 814 ; B4
] —- ——% Q £
- ; - X
=
=3 X
15 62—
— s
F1 Y N=s
a +—X
;
X
—q . =1
x
\M n o X ; &
—F
——F
=l ==
—F
X =
¢
e €} st —X
%
e
a or] N o
™ X
5
X
—
Y
St W <!
g
o5 9 (3 S 08 E] 06 %6 GO g0l Ol LU T T i1 % [ = 3 5208 £ 06 56 G %of ol 3 3 43 oer
]
[ SL o8 ) <6 oot ot ot1 SuL [ 7 o8 % J % oot SoL o1t [
1 sw J ~ 6z \B8 62, - 862 V- / @, 7
T 0 z p6e u . wP g ‘2161 ° oz - — ] , wy g o.a.\a o
< 862 N 3 ! B1
‘ 2y B4 — “ N ip0Id
(§ " _
~ >
- — ~, 7 {

e : A e N < ——+ 3 ‘ = ‘ B
¥ : o = .\p. \ R
3 =Y = N \

t X ; s m—— A
; e ¥ \ \ ]
X Y = 1 —r A
3 ¥ N
5 == \ [ ot Bl i AN jor 0!
£ g - } i ~
~. i .
‘ dq
- T !
= N
y. : = N el ce
= i e Y
X f
- X Z 1 -J
p
; }
X
.@. -J o T yma (3
o~ + # ] ™ o "
® —_— = H: ~
o
o
=2 #}
—
" Mo o ~fao
0F i
0 ~
[} s o -~
[
= w (3 o8 £ (3 G0f 5ot ol1 43 T okt ] 06 %6 BT S0t il 43 Tl oer




SUPPLEMENT NO. 24

24

"Roseau, Dominica

Martinigue
August 1903

29

August 1916
28

27
10X 2 & 6 810M

g0l 2 4 1

= P B
=<TTHH
ST i
SHHET
o1 ERSRABEE R
et 113
b | TEH1I 2
e RiIanm
ST 1l
@ T
oL H
S L
o H:p H-rH-H
2 1
H HiH 1]
o
o .i_T..u... 118 H
SHHB T
ey T H REEAEER
ST
H MR 11k
UM
LT H
R

T
7
i

B S

=
1
r s &
T

s
1

T

T
T
T

T

4 6

8 10M 2

T

4 6

6 8 10X12

- 1HHH
S
oy
~H
O
Y
o[t
2
altH
&
" ol
A gy al
1o |
i S 14
LT
LHA = U
LT W.\\
LT 2 W
i &
T Wl\.\
HAAHTT 2 A
114

-

——
o o e o e ey
)

m u

H H
L

1 H

: HHT

HIE 1k

11 1HH

i il

i L

-

-+

'

H i
LT 1124
L H e ik
L1 w1
L HHTTTT = B
=1
= U
152110
T ST
T S LU
X \.E -
HIN-R1
S
LT o
1%
HITYY. 2 HH
HT ©
£
[3)

Pensacola, Fid:
October 18, 1916

Houston, Tex.

August 1915

:30°

10

115

10

D]

q suodang

:00

10

45

9

30

9

AR

15

9

Anemometer record

00

9

Anemoscope record

34‘
\

8:45

8.30.

a.m,

o~
SOy}

28.90

28,85

‘aansedig. -

28.80

17

16

10X112 4 68 10M

N
|

1

b

2R

pr g«

., Me.

0

Eastp
February

New Orleans, La.

1920

September 1915

20

19

!

il

Xl 2

30

6 810X 2 4 6 810 M

29

8810X124 9810“24

£

gM246

T

T

T

T

28

9'0).("2 4

T

6 810M 24

+.01

T
7
1

7

E
=

T
T
T

T
1
T
1
1

1
s
I
T
T
1
)
T
) s

=X

29

X

T
f ia
T
faue s
=1

T

T

1
T
b o

T AAERRASEE

aanstiid
M

Fi1a. 45.—Bsrograph curves for typicsl hurricanes




QCTOBER 12. 1810, A. M!

WEST INDIAN HURRICANES 25

OCTOBER 13. 1910, A. M.

" 30
Jsckaoaride (j(
2

~;{&&,m . Jmmcx\ % gy m%
o v Orteans o
¥ 30.0 INS.
6 ’
i N .
=N\
//Jj/: . Nl
i N

,_/g/

Fig. 49 2




26 SUPPLEMENT NO. 24

OCTOBER 16. 1910, A, M. OCTOBER 16. 1910, P. M.

: Fig. 51 /
3 wy B' [
OCTOBER 17. 1910. A. M,

OCTOBER 11 TO OCTOBER 19, 1910
3 Q
i il » C s

x b [ - !
Meidle
?JMN 29.8 INS. Jutsrnss é( ~M J....W./e\
e
18

<t
ew

19 .
Res Grms EWP— L
y
s
A [y \

Key

14 P

Fig. 52 H Fig. 53 2 \11




27

WEST INDIAN HURRICANES




SUPPLEMENT NO. 24

28

L] ]

00)

S~Zwwe es B YO |

. 19 Bl
o m
g
o, y
¢ =

NILELL

-
-
-
-
\\ ) =~
-1 e
4
!
t
L}
\,
“eeze




WEST INDIAN HURRICANES

29

SR

Low

i

Ocl.io.lgm éu.m._,\
%

‘\/“u(
Fip. 63

¢ N

g 8

8 8
5

- 3
A N
JAMAICA A\HAITE ERTO
2 S = E=$ .-
- ‘o
00

Fig. 65

Oct. 2-1, 113

100 -
AR

8 §I 8 ] (3
(s R
H . .
G i
.- S? ) iy F
- -%0 ‘ %0
{ {
ran g e g .
J& T
g 3
T4 |s




30 SUPPLEMENT NO. 24

moved southwestward, which is directly opposite to the
normal ﬁmth of storms in this region. Because of lack
of vessel reports by radio the presence of this storm
was not discovered until October 6, two days before it
moved inland in the vicinity of Charleston, S. C. At that
time it was thought to be a cyclone of tropical origin;
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
region, and that northwesterly winds aloft carried it
slowlgr southeastward for 24 hours, after which there was
very little wind velocity aloft for two days. During this
period the center of the storm moved very slowly south-
ward. Meanwhile another disturbance formed a short
distance to the northeastward but in the same general
storm area. This disturbance evidently developed in a
region where there were southwesterly winds aloft 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 Mississippi Valley to the
North Atlantic States.” Immediately following the north-
eastward movement of this disturbance the anticyclone
over the Atlantic Ocean changed its course and
started to move southwestward, later moving directly
westward for several hundred miles. (See fig. 65.)
Pressure gradually increased for a considerable distance
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 easterlg and later to southeasterly, as indicated
by the weather charts, so that the storm reached the coast
line while moving in a northwesterly direction. It
rapidly lost intensity after moving inland. No other
storm of which record could be found pursued a path
that even remotely resembled that of this cyclone, which
at times reached almost hurricane intensity.

The details of the movements of this storm have been
thus emphasized because the storm has been plotted as
having moved very rapidly northeastward to latitude
46° N., longitude 44° ‘B., 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-

ing to the writer’s judgment, based on complete

data of the storm, it was still centered near Wilming-
ton, N. C., on October 11, very much weakened, and
a progress northeastward was impossible on account
of the extensive anticyclone above referred to.

The hurricane of October 14-21, 1922 (see fig. 6),
which developed a short distance southwest of Jamaica
and moved slowly west-northwestward during the 14th—

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-
west and moved rapidly southeastward over the eastern
slope of the Rocky Mountains 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 Okla-
homa. On the 19th pressure remained high to the west

Gulf coast, and it had increased materially over the
Atlantic States north of Florida. This anticyclone con-
trolled the wind circulation to a considerable height, so
that northeast winds set in aloft over the Gulf of Mexico,
carryin% the tropical storm to the southwestward after it
moved from the Yucatan Peninsula to the Bay of Cam-
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:1®

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. * * *

The last example that will be cited of the effect of
anticyclones on the movement of cyclones is the unusual
path of a hurricane that developed immediately south of
the Cape Verde Islands about September 9, 1900.
(See track II, fig. 66.) This tropical cyclone moved
northwestward for several days ang then (on the 13th)
recurved to the northeast, when it reached a region where
the general drift aloft was from the southwest. Pres-
sure wds relatively low from the Canary Islands and the
Island of Madeira to Portugal and Spain, but it increased
materially over this region durin% the 15th and 16th.
As a result the winds aloft apparently changed from south-
west to east or southeast in front of the hurricane and the
direction of its course changed from northeasterly to
westerly during the 16th. %)uring the 13th-17th an
anticyclone moved rapidly east-southeastward from the
Canadian northwest to latitude 40° N. and longitude 40°
W. On the latter date the hurricane was central directl
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 midwe
between the Azores and Portugal, and the general drift
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 tropical
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.

When the track of a tropical cyclone describes a loop
as in the case of the hurricane of October 12-21, 1910
(figs. 46-53), the turning is always to the left. The ex-

lanation that follows gives the reasons, as understood
Ey the author, for this turning to the left and also for
the absence of turning in the op})osite 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

rogress 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.7 9José Coronas, 8. J.: The “Quantico” typhoon, Nature, London, Sept. 26
1919, p. 79.



CORRECTION

The months named in titles of Figs. 66 and 66a should
be exchanged; I'ig. 66 refers to September; 1900, and 66a
to August, 1893.



Fig. 66. Tracks of Four Hurricanes in Progress Simultaneously, August, 1893
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Fig. 66a. Tracks of Three Hurricanes and One Extra Tropical Cyclone Existing at the Same Time, September, 1900
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of the anticyclone. If the latter remains stationary for
some time, the cyclone will be driven farther to the
southwest and may then enter a region of westerly or
southwesterly winds aloft when far enough away f};‘om
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 enough, the cyclone will
radually fill up. (2) If the a,nticyéione is extensive and
les to the north and northwest of the cyclone, rather
than to 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 it 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
oop 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 & position northeast of the cyclone’s
center, thus causing the general drift aloft in the VicinitK
of the latter to cghange from the northwest throug
north, northeast, east, and southeast to south. How-
ever, this, it 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
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 origin and path of this disturbance is graphicall
shown in the set of eight individual charts. (Figs. 67-74.
Information as to its intensity during the ear%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 per hour from
the northeast at Corpus Christi, Tex. Further details
of this storm will be found in the 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 daily weather charfs for the dates
July 2-5 are presented in Figures 75-78. The first evi-
dence of the formation of this storm came from north
latitude 11°, west longitude 81°.
shown, steadily northwestward, reaching the Mississippi
coast six days later. It did not recurve until central

ississippi was reached on the 7th.

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

It moved thence, as -

inches about latitude 22° 43’ N., lonﬁitude 85° 58’ W.,
whereupon Gulf shipping was advised by the Weather
Bureau to remain in port until further advices. This
storm Fassed inland at Mobile, Ala., during the after-
noon of the 5th, with a recorded wind velocity of 107
miles per hour from the east, the highest velocity ever
recorded at the station.

Several people lost their lives, and a property loss
aggregating several millions of dollars was sustained by
the cities of Mobile and Pensacola. Further details of
this storm will be found in the MonTHLY WEATHER
Review, July, 1916, 44: 396-398.

August hurricanes,—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
August 5; it moved thence due west for several days,
appearing east of Guadalupe, West Indies, on the 10th;
its path thence to the place of its disappearance is shown
by Figures 25-32.

The entrance of this storm into the Caribbean was in-
dicated by a barometer reading of 29.46 inches at Roseau,
Dominica, and a maximum wind velocity of 45 miles per
hour at Basseterre, St. Kitts, 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 at that station. In its course past
Jamaica during the night of the 12th~13th a whole gale

~ from the southeast was recorded at Kingston on the

morning of the 13th. Continuing to the northwest, the
vortex of the storm passed very close to the extreme
western tip of Cuba at 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 wind
of hurricane force; at 11:30 a. m. of the same date the
building at 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 débris
scattered for miles. ‘

The storm continued its northwestward movement
across the Gulf of Mexico at the rate of about 375 miles a
day. TIts 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
day attended by a minimum pressure of 28.63 inches at
Galveston and 28.20 inches at Houston. The latter sta-
tion is about 35 miles inland and almost due north of
Galveston. The maximum wind velocity at Galveston
was 93 miles per hour east and at Houston 80 miles per
hour northeast (estimated).

At Velasco, Tex., about 40 miles southwest of Galves-
ton and about 14 miles southwest of San Luis Pass,
where the storm center reached the coast, the barometer
read 28.06 inches at 1 a. m. At a point 5 miles northeast
of Sandy Point there was 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 at 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 at least 36 hours.
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The rate of movement of the storm at that time being
15 miles per hour, an area about 540 miles in diameter
came within the influence of the storm as it progressed.
Further details as to this very destructive storm will be
found in the MoNTHLY WEATHER REVIEW, August, 1915,
43:405-412, '

September hurricanes.—September 22—-30,1915.—Within
a little less than six weeks a second unusually severe
hurricane crossed the 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
figs. 79-86.)

The S. S. Hermione at 5:30 a. m. of the 29th in latitude
27° 45’ N, longitude 90° W., barometer 27.61 inches and
a gale from the north, experienced dimjinishing northerly
winds followed by a gale from the south. Evidently the
steamer was passing through the center of the storm.

At New Orleans the barometer fell rapidly from 29.54
inches at 7 a. m. of the 29th to 28.11 inches at 5:50 p. m.,
this being the lowest pressure ever observed at a Weather
Bureau station. A trace of the barograph corrected and

-reduced to sea level from observed readings of the mer-
curial barometer is reproduced in Figure 45. The max-
imum wind velocity of 86 miles an hour at 5:11 p. m.
was 20 miles in excess of the next highest velocity ever
recorded at New Orleans. The extreme velocity was at
the rate of 130 miles an hour 8t 4:58 p. m. At 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 at 3:40 p. m. and the
extreme velocity 140 miles an hour at 3:45 p. m. This is
the highest wind velocity ever recorded on the Gulf coast.

From a study of the instrumental records at New
Orleans and Burrwood and the detailed special reports
from cooperative observers at stations in the area affected
by the hurricane, the district forecaster at New Orleans,

r. I. M. Cline, found that in the eastern or right-hand
segment of the hurricane the highest velocities in this
storm occurred with the change from easterly to south-
easterly winds, probably coincident with the passage
of the hurricane center. The records at New Orleans and
Burrwood showed this Eosibively. In the western or left-
hand segment the highest velocities occurred when the
wind was between north and northwest and changing
toward the west. At New Orleans when the wind direc-
tion changed from southeast to south the velocity fell off
to 50 per cent of what it had been with the same baromet-
ric gradient when the direction was from the northeast
to the southeast, inclusive. A similar decrease in veloc-
ity was reported to have taken place in the 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 progressive movement of the hurricane (12 miles an
homg, which increased the gradient wind by about 12
miles an hour in the front segment and diminished it by
the same amount in the rear segment of the cyclonic area.

The hurricane of September 13, 1876.—The followin

hitherto unpublished (at least in English) description o
the hurricane that crossed the island of Porto Rico on
September 13, 1876, is unusually complete. The
account was written by Leonardo De Tejado and was

17 "Phis report is published for its historical value rather than for its bearing upon the
discussion in this paper.— Editor. -

. tance of a few meters.

‘translated by a lieutenant (name unkhown) of the

United States Army and filed as a ¢ voluntary report”

in the office of the Chief Signal Officer in 1877.

* ¥ * 1In the days previous to the passage of the cyclone the
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, oscillating between 757 mm. and 760 mm. 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 at 759.55 mm., remaining stationary
from that hour until 12 at night. Early 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 Rico 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 12th, 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 distance 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 by 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. m. 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, it was at 742.65 mm.,
the least altitude obstrved at this eapital (San Juan) during the
passage of the cyclone. From that hour the barometer began to
rise rapidly. .

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

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

The wind, which was, as we have said, southeast on the previous
days and which changed to the northeast in the afternoon of the
12th, continued blowing from that direction during the first
hours of the hurricane, shifting then and successively to east-
northeast, east, east-southeast, §outheast, and south-southeast,
where 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, very low and
nearly grazing the roofs of the houses, moved with great velocity,
and the rain was so heavy that the horizon was limited at a dis-
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 indi-
cated by the pluviometer, was 120 millimeters.

Before continuing the description of the hurricane of the 13th
of September, we will take the opportunity to make a résumé of
the data that we have been able to obtain relativg to, the baro-
metrie oscillations and changes of wind observed daring its passage
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 o'i;'
some observations verified in the “Jefaltura de Obras Publicas
(Bureau of Public Works).
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Observations referring to localilies which were north of the trajectory

Ext?nt
y) .
i baro- | Changes of direction of | Hour of greatest ;
Localities metric wind intensity Remarks
oscilla-
tion
. Mm.
St Kitts_....... )3 20 D N 8:30 p. m.,, 12th___.
St. Thomas..._. 16 | me., e, ne. () ool 4a.m, 13th..___..
Vieques._..._.__ 16 | nne., ne,, calm, se., sse.__.__. 6a.m., 13th..__._.. Focus of
vartex.
Humsceao...__.. 25 { n., ne., calm, se., sgé........ 7a.m., 13th.._._.. Calm of 20
minutes.
Ceiba. ... 18 {n,ne,e, se.,88€ .. .__._.. 7a.m, 13th..__._.
Fajardo....__... 16 | nne,, ne., e., S0., 55€._.._... 7a.m., 13th ...
Carolina_._.__.. 17 | ne,, ., e, 8se__.__.. 7:30 &. m., 13th____
San Juan, P. R. 17 | ne., e., ese., se., $se 8:30 2. m., 13th__..
Vega Bajp-..... n., nie., ©., ese., S& .. 9:30 8. m., 13th.__.
Arecibo....._... 17 | ne., ene., o. ese., sse. -{ 10a.m,, 13th...._.
Aquadilla__.____ 17 | n., nne,, ne,, ., se., sse., S...{ 11:30 a. m,, 13th___
Aquada......_.. 17 | ne., calm, sw____._...._.._. 11:30 a. m., 13th__.| Calm of 20
minutes.
Rincon....c.... 17 | ne., calm, sW.._._....._.... 11:30 a, m., 13th._.| Calmn of 30
minutes.

Observations refering to localities which were south of the trajectory

E{xgent
of baro- - faed :
Localitles f};&tﬁiﬁ Changes \(3[‘ r(‘iéreccxon of Hmitg &tx ‘gsx{g;test Remarks
tions
Mm.
Yabucosa. 17
Patillas.. R 22
Arroyo.-. 20
Guayama. . 22
Cayey. .conouaen 22
Coano. . aue.-- 22 : .
Ponee....-...- 18 9:45a.m., 13th_.._
20 11:00 a. m., 13th_._
Cabo Rajo...... 16 | now., nwW., W., 3w., § 11:15 8. m., 13th. ..
Mayaguez...._. 25 | nnw,, calm, SW., $8W....... 11:30 4. m., 13th_..{ Calm lor 20
minutes.

Meteorological observations taken from Department of Public Works
of Porto Rico at San Juan

Barom- ’I‘ertnper- .Velocity
eter re- ature : s in meters
Day Hour duced to| (centi- Wind direction per sec-
0° C. grade) ond
M,

Sept. 12 701, 45 10,00 4.83
12 769, 80 30, 60 4,48
12 759. 35 30, 80 503
12 759, 55 28. 00 6,42
13 26, 60 1L 1n
13 26. 20 18, 66
13 26, 00 23,33
13 25, 50 24,03
13 24, 50 20, 66
13 24,00 28.00
13 24,00 '20. 00
13 24,00 20. 00
13 24, 50 20, 00
13 24, 50 10. 43
13 24, 50 10. 43
13 24, 50 10. 43
13 26, 40 10, 43
13 28, 60 10. 43
13 26.40 10. 43
13 26,20 10,43
13 26,20 10.43
13 26.00 10.43
13 25, 60 10.43
14 27.60 10.43

Remarks~Before the hurricane 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
translation. .

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

_passed, its duration was about 10 hours.

It touched Vieques and entered Porto Rico at a point of the coast
between Humacao and Yabucoa. Inclining then somewhat to the
northeast (?), 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 received 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, but 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 determine the velocity of translation of the
cyclone from St. Kitts to its departure from Porto 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 it 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 1034 hours; it results in
consequence that its velocity of translation between said points .
was about 35 kilometers per hour. The eyclone took in traversing
the island of Porto Rico 414 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 determine the diameter of the cyclone 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 it 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
Its velocity of transla-
tion being 35 kilometers per hour, it 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 velocity of 35 kilometers per hour.

The diameter of 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 at the points where its vortex passed, was from
20 to 30 minutes. The diameter 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 September, it suffices to announce

"that there sank or were cast on the coast, 5 ships at St. Kitts,

3 at Santa Cruz, and 7 at St. Thomas. At Porto Rico the number
of ships lost or which suffered considerable loss was 45, and 16
persons perished. In 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 Domingo and of Cuba some also were
lost. In the harbor of Baracoa the steamer Sarafoga was lost,
and between Havana and New York, at about 33° north latitude,
the American steamer Liberty was lost from the effect of the
hurricane. On land the ravages were not less. In the capital
of Porto Rico, where we (personally) had occasion to observe
them, a great number of houses in the suburbs of *‘La Marina,”
“Puerta de Fierra,” and “Cangrejos” were unroofed and demol-
ished, some being in & 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 that the hurricane
of the 13th of September followed a path from south-southeast
to west-northwest from the island of 8%. Kitts to Porto Rico,
moving with a velocity of 35 kilometers per hour; that its diameter
was then approximately 350 kilometers, and its center, or vortex,
about 15; that the greatest velocity of wind observed in the capital
of Porto Rico was about 100 kilometers per hour, with some
squalls or gusts of more than 130 kilometers; that the temperature
at 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 at
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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-

};llflshed at said places at the moment of the greatest intensity of
e storm.

October hurricanes.—Hurricane of October 11-23, 1910:
This hurricane was a notable one, both in regard to its
Intensity and to its decidedly abnormsl 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 study and
discussion, widely differing views thereon being held by
meteorologists. - Some expressed the belief that the course
of the center was such as to form a loop in the track;
others, 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 passing
wnto the Gulf and then had as suddenly increased.
first of these views, that of the loop in the track, has

The -

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 KeK.
It then remained about stationary until late on the 16th,
when it began torise. 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 property and a number of
lives in the extreme western part of the island.

The following report of Captain Sullivan, of the Amer-
ican steamship Jean, is of special interest:

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. m. 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 was made from well-known landmarks—latitude 24°
26’ N., longitude 82° 41’ W. Ship hove to. The storm lasted
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-

finally prevailed upon the showing presented by data
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F16 87.—Track of hurricones across Porto Rico

assembled by the United States Weather Bureau and the
Cuban Meteorological Service. The reasons for the pe-
culiar behavior of this storm, as understood by the
writer, are given on pages 30-31. ,
The data referred to above were published by the
- Hydrographic Office of the Navy Department on the
back o%the Pilot Charts for November, 1922, and a series
of charts was presented (see Figs. 46-53) showing the
features of the Eurricane from the morning of October 12
unti] the morning of October 17, when it%md completed
the loop in its track and was again moving northward.
he 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 the 14th, and con-
siderable damage to crops and other property resulted
from the high winds and heavy rains.” At Habana the
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

southwest by west ¥4 west. During this time it was impossible to
see the sea on account of the rain and spray. Immense seas came
over the ship, even wetting down the chart house on the bridge
deck, 50 that water had fo 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 obstrue-
tion. At 11:25 a. m. the ship arrived at the center of the storm.
Overhead the sky was perfectly clear, but the horizon was dlr.ty,
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 at the time of reaching the
center at 11:25 a. m. was below the scale, but was carefully marked
with the set hand, and subsequently with a ﬁ}e. This 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 barometer began to fa}l 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
southeast up to 1:05 p. m., when it chanfged to south.
The velocity increased and the swaying of the building
stopped the clock several times. '1yhe estimated maxi-
mum velocity was 125 miles an hour. -At 1:30 p. m.
the boathouse went to pieces and was washed into the
sea. At 1:50 p. m. the barometer reached its lowest
point—28.40 inches. The barometer began to rise
slowly, but the wind continued with unabated fury until
about 6 p. m., when it diminished and shifted to south-
west.

Conditions at Key West were quite like those obtain-
ing at Sand Xey, the barometer reaching its lowest
point—28.47 inches—at 3:20 p. m. of the 17th. High
northeast winds, varying in velocity 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
E. m. the wires to the anemometer cups were torn away

v the wind when it 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 between 2:30 and 4:30 p. m.
of the 17th, when it was estimated that the highest
velocity was over 90 miles an hour and that gusts of 110
miles an hour were frequent. The storm lasted 30
hours. The tide and sea swell were 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 Bureau 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 depth of 7 feet. " The new
United States Army dock and the marine hospital dock
were swept away, and the débris pounded against the
office building with terrific force. The waves at times
were over 15 feet high and dashed against the office
windows. The damage in the city and along the keys
was considerably less than during the storm of the pre-
ceding vear, amounting to less than $250,000.

The hurricane moved in a northerly direction over the
Florida peninsula, the center passing a short distance
east of Tampa 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 at that place until the hurricane of October
1921, when it reached 28.81 inches. The maximum wind
velocity at Tampa was 48 miles an hour from the north-
east, while at Jacksonville it was 56 miles an hour from
the same direction. The lowest barometer reading at
the latter place was 29.09 inches at 12:30 a. m. of the
19th. At Savannah, Ga., the highest wind velocity was
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 at 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
WeATHEER REViEw, 38: 1488-1491, and the back of the
Pilot Chart for November, 1922.

Other October hurricanes.—Hurricane of October 21-30,
1921: This hurricane is unique in two respects—first, in
that it is the onl trogical storm of hurricane intensity
that developed after the middle of October and entered
the Gulf of Mexico during the period 1887-1923, inclu-

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}l)her, Panama Canal, reported
that the barometer at Balboa IHeights steadily declined,
disregarding diurnal fluctuations, from October 13 to 18,
preceding the birth of the hurricane. This period was
accompanied by heavy daily rains, noticeably on the
Pacific half of t%e‘ Canal Zone, with northerly winds pre-
vailing. On the 18th there was a reversion to a more or
less steady southerly wind of 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 at Balboa
Heights avera%)ed 19.4 miles per hour, as compared with
a normal October movement of 6.4 miles per Eour.

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-northwestward. On
the 23d the schooner Virginia 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. 8. 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 at Tarpon Springs was
28.12 inches at 2:15 p. m., and the 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 at 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 at 2:18
ﬁ. m. The tide reached a height of 10.5 feet, by far the

ighest ever recorded at this place.

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 Hudson Bay region during the 25th—
28th controlled the air movement aloft over the Atlantic
States and the ocean some distance 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 at least
two days. By this time (the 28th) the hurricane was
centered almost due south of Bermuda. On the 27th
the S. S. Aryan encountered the hurricane in 28° 20’
N. latitude and 70° 30" W. longitude, and at 1 p.m. the
barometer read 28.96, with an easterly wind, force 12-
By the 29th the storm was central southeast.of Bermud#,
and it was now outof the influence of the anticycloneabove
mentioned. It moved rapidly northeastward during the
next few days and partially merged with an extensive
area of low pressure that remained almost stationary for
several days over the region between latitudes 30° an
55° N., and longitudes 40° to 50° W. .

November hurricanes.—Hurricane of November 11-19
1912: There were only two tropical storms of know?
hurricane intensity in the North Atlantic. Ocean durin%
the period, 1887-1923, inclusive. The first was that 0
November 17-29, 1888, which caused very severe damﬁﬁe
to shipping from Cape Hatteras to Eastport, Me. Tbe
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second devastated the western part of the island of
Jamaica in November, 1912. (See figs. 96-103.)

This latter storm developed north of the Isthmus of
Panama. Its presence was detected on the 11th in
- latitude 11° N. and longitude 80° 30’ W. It moved north-
northwestward until the 13th, when it was encountered
by the S.S. Abangarez 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 strongest wind was from the
northeast, force 10, at noon. After the 13th the storm
gradually recurved 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, prin-
cipally, no doubt, because of a misinterpretation of the
report of First Officer Peterson of the S. S, Prinz Sigis-
mund, bound from Montego Bay on the northern coast of
Jamaica around the western end of the island en route to
Kingston. However, careful study of this report in
connection with the records made at Negril Point Light-
house leads to the conclusion that there was only one
hurricane. The fact that the lowest barometer reading
on the Prinz Sigismund, 28.93 inches, was at 10 p. m. of
the 17th, while that at Negril Point Lighthouse, 2R 49
inches, did not occur until 6 a. m. the following morning,
was rather confusing until the position of the Prinz Sigis-
mund was established. This vessel left Montego Bay at
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 read
. 28.93 inches, the lowest point reached. Heavy breakers
went over the ship, the wind being from the northeast,
force 12, and much damage was done on deck. Oil was
used to calm the sea with good effect. On another
vessel, the S. S. Tinforetto, was approximately 60 miles
westnorthwest of Negril Point, the lowest barometer
was 20.24 inches, at 3 p. m. This position and the
time of lowest barometer, considering the rate of move-
ment of the h.urncane,‘ 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 difference in time between the occurrence of the lowest
barometer at the two positions was about 1414 hours.
In that time the center of the hurricane traveled approxi-
mately 58 miles. Now, inasmuch as the lowest barome-
ter reading on the Prinz Sigismund was at 10 p. m., she
was undoubtedly about halfway between Negril Point
Lighthouse and the position of the Tinforetto at 3 p. m.,
or slightly less than 30 miles west-northwest of Negril
Point 14 Kthouse. .

. The wind at Negril Point Lighthouse increased steadily
in strength until it reached 80 miles an hour from the
southeast at 10 1) m. of the 17th, and this velocity was
maintained until about 2 a. m. of the 18th, when it
backed to northeast and increased rapidly to 120 miles
an hour, At 2:03 a.m, the anemometer was disabled,
two cups being wrenched off. The hurricane continued
to increase in violence for some time, but no estimate of
the velocity was made by the observer. The minimum
ressure did not occur until near 6 a. m. There was a
ull from 5:15 to 8:00 &. m., but at 9:30 a. m. the wind
backed to northwest and increased to hurricane force.
At 10:20 a. m. tMe observer had to abandon his house, as
the roof threatened to fall in and the walls cracked.
There was a torrential rain at this time from the north-

- west,

The storm ceased hetween 3 and 4 p. m. The
village of Negril was devastated. The only building un-
harmed was the Church of England, which was quite new.
All cocoanut drees were blown down and many other
valuable fruit trees also. .

At Kempshot Observatory, near Montego Bay, the
barometer fell to 29,02 inches at 12:30 p. m. of the 18th,
at which time the wind was blowing at the rate of 80
miles an hour from the south. The 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. At 6:15
p. m. northwest squalls were occurring; at 6:25 p. m.
they became heavy; and at 6:35 p. m. a hurricane of 120
miles an hour from the north was blowing, with the
barometer at 29.30 inches. At 6:45 p. m. the wind was
still blowing 120 miles an hour from the north and the
barometer had risen 0.03 inch. At 7 p. m. the barometer
was 29.28 inches, with squalls from the northwest and
north; at 7:30 p. m. they became heavy again. After
that there were gusts and lulls with light squalls at 11
p. m. The sunset on the 18th was most lurid and is
described by the late Maxwell 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 west end of the island and caused some alarm. At Falmouth it
was seen at night. When I saw it 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, Jamaica (about 40
miles southeast of Negril Point Lighthouse), is taken
from ““ America,” December 21, 1912:

* % % Tt was the night of Sunday, the 17th, however, that
the real storm commenced. The southeasterly wind, increasing in
violence at every puff, until its velocity exceeded 150 miles per
hour, was accompanied by a torrential downpour, such as passes
description. During the course of Monday morning the rains
stopped for a time, while the wind continued with unabated fury
until the middle of the day, when it suddenly sank to rest, without
any noticeable change of direction.

Then succeeded 8 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 stiliness,
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 f(ellow fog that mystified the world subsequent
to the eruption of Krakatoa some 30 years ago was nothing in
comparison, It was like the judgment day. The rain was coming
in fitful gusts, when suddenly we seemed to be standing in the
midst of a blazing furnace. Around the entire horizon was & ring of
blood-red fire, shading away to s brilliant amber at the zenith.
The sky, in fact, formed one great fiery dome of reddish light that
shone through the descending rain. * * Then burst forth
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 débris. In other places, as Montego 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 along the coast vessels were wrecked upon the reefs or
foundered in the open sea. At Montego Bay alone 14 sailing
craft were lost, while at Savanna la Mar more than one hulk was
left high and dry in the public market.

Meanwhile, inland the wind was playing havoc everywhere,
wiping out whole plantations of bananas, obliterating fields of
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sugar cane, laying low the 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. Thelate Maxwell Hall estimated that
18,965 houses were either destroyed or badly damaged.
The amount of damage was undoubtedly greatly increased
owing to the very slow movement of the hurricane and
the consequent continuance of hurricane winds for a
great length of time. ‘

During the 18th-20th an anticyclone advanced eastward
from the Atlantic States over the ocean to the vicinit
of Bermuda, and the progress of the hurricane, which left
the north coast between Falmouth and St. Anns Bay
early on the 19th, was not only blocked, but the storm
rapidly decreased in intensity and filled up between the
Island of Jamaica and the Windward Passage. This is
one of the very few instances of a hurricane decreasing
in intensity and dissipating over the water within the
Tropics.

TaABLE 2.—I mﬁortant data on the life history of all tropical storms of

the North Atlantic Ocean, 18871923, inclusive
Place first .
Iafll)s_t obsarved Recurve Last observed
served
First observed (li)um-
er
Lat. | Long. | Lat. | Long. | Lat. | Long.-
days
later) N. w. N. w. N. .
May 16, 1887 cereceaeeel 11 21
June 17, 1888. 0 28
June 15, 1889 10 20
June 10, 1892.. 6 23
June 12, 1893. 18 20
June 10, 1901.. 4 18
June 11, 1802. . 12 14
June 19, 1902... 14 17
June 8, 1906.. 8 18
June 12,1906 . c.cecrerenn-- 14 22
June 25, 1909 . . occmeanan 5 25
June 26, 1909._ . 5 22
June 7, 1912._. - 8 2
June 22, 1913 - 6 1
June 29, 1916_. - 11 11
June 15,1921.. - 11 14
June 13, 1922__ - 3 17
July 20, 1887... . 8 13
July 30, 1887 - 8 10
July 65, 1888, . _......- - 0 28
July 3, 1891, 10 24
July 4, 1803 2 11
July 4, 189 8 21
July 2,190 8 13
July 5, 100 8 14
July 19, 190 10 17
July 27, 1908 8 22
July 13, 1909 9 12
July 27, 1909, 14 10
July 12, 1912, b 27
July 31, 106 ecaees 5 27 78 32 83 42| 70
July 11, 1916... 4 27 i 2 PN N, 36 83
July 12, 1916 13 16 62 33 5 661 20
July 2,1919.... 2 24 1.2 RN P 31| 87
88 14 22 63 30 80 684 2
13 17 58 29 ] a3 6(E.)
10 23 71 32 91 b4 B4
8 il (111 18 SR SN 18| 96
9 16 54 30 69 67 12
7 13 33 PR 27| 84
12 13 26 38 65 421 64
10 18 57 28 68 61| 8
13 9 51 29 76 45| 36
18 14 38 40 74 40 | 22
20 15 30 34 81 66 | 20(E.)
9 12 28 26 41 41 9
2 28 88 |oeemo |l 311 89
12 14 38 20 60 69| 10(E.)
0 30 88 | et
7 13 [ O SR IO 25| 98 °
10 14 25 26 41 42 3
36 12 36 20 81 46 2E.)
12 18 58 22 72 651 13
26 16 46 38 97 50 70(E.)
14 26 50 29 90 42| 83
14 14 38 32 59 70§ 12
8 13 82 el 23 | 100
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TasLE 2.—Important data on the life history of all tropical storms of
the North Atlantic Ocean, 1887-1923, inclusive—Continued

I(J)%St l;ﬁ‘ﬁggat Recurve Last observed
served
First observed (l}oum- ]
er
Lat. | Long. | Lat. | Long. | Lat. | Long.
gy | NOWSLONS [WSTONS | W
Aug. 25, 1008 19 14 29 27 75 85| 25
Aug. 21, 1909 6 16 i1V N 27| 99
Aug. 27, 1909 4 20 67 20 82 20| 82
8 15 gg ................ 26 | 100
5 25 82| fien... 36| 92
P I B S SOt Nl M- I
51 26| 72|l
19 15 26 32 06 53| 65
16 4 g(ﬁ) 31 67 3?’ 1?)?;
7 DU [ PO I
11 13 b7 48 P A 141 80
2 13 62 25 80 27| 80
6 18 52 26 64 52| 44
5 12 () 1 P 32 94
4 12 < P 16| 90
13 19 60 28 68 55| 56
|l BLELE] g e
10 130 57 ||,
3 28 55 35 55 521 43
ol g El ) s u)pe
47 247 8l |ee i ldemmaans
12 12 L7 N IO, 36 76
9 16 45 27 58 40| 25
Sept. 12, 1889... 7 15 27 39 50 43 | 49
Sept. 12, 1880. 14 16 61 24 94 49| 63
Sept. 29, 1880. 7 11 52 28 67 41| 67
Sept. 2, 1801... 9 19 59 33 72 671 27
Sept. 186, 1801. 17 20 48 33 64 66| 11(E.)
Sept. 20, 1861. 11 21 55 39 68 671 13
Sept. 4, 1892. _ 13 12 41 20 65 431 12
Sept. 9, 1892. . 8 24 [T I I 601 52
Sept. 12,1802, ... .._._..... 11 14 18 32 51 37| 45
Sept. 25,1802 o eouoens 2 19 (573 N 24| 08
Sept.6, 1893 ... ... 4 24 93 26 03 34| 80
Sept. 25, 1803 22 11 26 33 75 6R1 49 .
Sept. 27, 1803 7 16 82 27 91 3l
Sept. 18, 1804 12 12 52 27 82 39 73
Sept. 28, 1805 17 20 87 2 90 48 | 19
Sept. 8, 1896........ 8 20 F- 3 O N 46| 70
Sept. 19, 1896 10 19 63 27 74 70| 9E)
Sept. 22, 1806, 9 16 63 26 86 50 | 62
Sept. 11, 1897 2 27 1.3 IO 31| 97
Sept. 20, 1897 5 24 [ PO PO 54| 62
Sept. 5, 1808 ... ... 15 11 28 30 70 52| 56
Sept. 12, 1898 13 13 80 24 04 401 55
Sept. 20, 1898 8 16 60 26 77 28| 74
Sept. 21, 1808 7 11 80 28 95 30| 94
Sept. 25, 1808 12 17 59 38 87 50 | 45
Sept. 3, 1800, ... 18 13 43 26 70 60| 10(E
Sept. 9, 1900_...._..__ 16 12 25 24 33 68 goéE ;
Sept. 13, 1900 7 19 57 27 66 87| 22
Sept. 9, 1901 .._.... 10 18 51 27 89 421 66
Sept. 20, 1901 14 12 81 23 86 66 1
Sept. 10, 1003 ... 4 25 k(] 32 87 331 82
Sept. 13, 1903.... 6 27 63 43 78 60 | 62
Sept. 22, 1903..__. 5 2 72 20 73 521 25
Sept. 3, 1904__ 8 16 63 22 83 35| 713
Sept. 8, 1904.. 13 19 57 M 79 681 27
Sept. 24, 1904 8 21 684 27 66 34| 52
Zept. 6, 1906.. 1 13 i1 S N, 14| 64
Sept. 24, 1006. 6 18 85 27 92 34 92
Sept. 10, 1908 20 14 32 35 91 52| 60
Sept. 11, 1906. 6 22 7S O 34| 82
Sept. 16, 1907. 7 22 73 20 89 |
Sept. 27, 1907. 2 23 X PO R 351 78
Sept. 8, 1908.. 12 12 0 24 77 57| 40
Sept. 21, 1908. 15 12 50 25 78 33| 62
Sept. 10, 1909._. 14 15 62 35 02 581 67
Sept. 22, 1900_ 8 11 80 22 84 34| 84
Sept. 5, 1910.. 9 16 “ 80 eeatonn|ommmnnas 2| 97
Sept. 23, 1910. 8 26 81 33 64 64| 21
Sept. 11, 1912. 12 28 85 32 89 a3 | 22
Sept. 21, 1912 aeeiaan 4 23 05 |eeaecfommenann 38| 76
Sept. 14, 1914 ... 4 23 ¢ P O, 30| 89
Sept. 1, 1915.. [ 17 80 30 86 471 82
Sept. 22, 1915. 9 14 62 30 90 471 75
Sept. 4, 1916 1 25 ki R P I 34| 78
Sept. 9, 1916.. 5 18 59 31 86 33| 84
Sept. 21, 1916 15 19 58 268 69 58| 17
Sept. 21, 1817. 8 16 64 27 89. 32| 83
Sept. 4, 1018.. 4 30 64 40 68 52| 58
Sept. 9, 1918.. 7 14 61 27 76 37| 60
Sept. 1, 1019« et [ 32 [/ P 65| 23
Sept.2,1910. ... 13 17 172 I S 30 | 102
Bept. 10, 1920. 10 21 50 28 53 83| 17
Sept. 10, 1020. 4 16 1.3 T NS 43| 95
Sept. 22, 1920. 1 30 [ IR R 35| 80
Sept. 27, 1920.. 4 24 87 26 ) gg 50 { 71
Sept. 5, 1021.. 10 21 54 21 57| 35
Bept. 6, 1921... 1 22 L I PO, cenmaane 24| 09
Sept. 8, 1021. . 10 12 &8 28 71 671 36
Sept. 13, 1022. 14 10 51 27 68 50| 7
Sept. 17,1022 oo 5 28 82 3Bl 7
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Place first
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TaBLE 2.—Important data on the life history of all tropical storms of
the North Atlantic Ocean, 18871928, inclusive—Continued

Place first

ob observed Recurve Last observed Iag;‘!_t observed Recurve Last observed
served served
First observed (rgum- First observed (ri)um-
or er Lon;
Lat. | Long. | Lat Long. | Lat. | Long. Lat Long. | Lat. | Long. | Lat. ong.
days days X w.
ltey | N- | Wo | Noo| WO NoopOW. ey | N | WO N W N
Sept. 24, 1923 ... 12, 21 71 28 76 65| 19 Oct. 29, 1904 _...._.___.. 13 20 87 25 92 65 10
Oct. 6, 1887.._. 2 20 [ 3 IR R, 20 95 Oct. 3, 1905... 11 13 80 |cormoonfemmmnenn 56| 58
Oct. 9, 1887 2 19 3 O A I, 23| 87 Oct. 9, 1906. 0 11 F-0 3 N I, 12| 84
ct. 9, 1887._.. 15 19 61 27 90 65 | 59 Oct. 11, 1906 n 14 64 21 85 2 | 82
Oct. 11, 1887 0 31 42 | 31| 42 Oct. 13, 1906w caeemeaes 4 33 (i3 A I 30| 79
Oct, 16, 1887.. 3 17 30| 53
8eg- 39,1515337-- 1 % 1.3 Oct. 8, 1007, --ooevovaeos 16 10 52 20 74 5 u
ct. Oct. 17, ¥ 14 28 62 31 64 5
Oct. 5, 1889 8 21 641 55 Oct. 17, 1908.. 0 12 8 | ol 13| 84
Oct, 1, 1891 e pymemeecaeee 8 17 40| 66 Oct. 1§, iggg.- g 2% 5 [ gg gg
Oct. 25, 1908.c v omremaena 1 20 82 23 86
Oct. 6, 1801.cccoeeeemomaees 5 16 3| 7 Oct. 6,1000 - 127777 12 11 80 a1 83 53| 5
Oct. 8, 1801... R 16 24 67 | 1L(E) Oct. 13, 1910 cvneii 12 13 81 23 85 36| 68
Oct. 12, 1801.. . 10 11 41 10 Oct. 2, 1912 oot 2 26 92 i femeee 20| 8
Oct. 6, 1892.. . 9 11 21 98 Oct. 4, 1912, ceeees 5 29 77 32 77 32| 71
Oct. 13, 1892. R 17 30 85| 2 Oct. 11, 101200 o ceamoennes 6 17 82 | 28| 98
Oct. 21, 1892. . 11 23 51| 15
Oct: Prine 1 4] B 06 Qg ¢l i 8
Oct. 11, 1804 4 & 1 52 | 51 R v B BT S ol %
Oct. 21, 1894 ocoeaean 17 30 65 9(E) Oct. 3, 1916 —ecocemmammman 2 30 31| 83
Oct, 2, 1805..-o.o.mememenee 5| 18| 8| as| 7| ;| W Qe-SUNEIIIIIIT Ry 1 218
Oct, 5, 1895.. - 21 12 24 22 83 341 39 Oct. 21, 1021 n oo aee 9 14 39| 41
et 13, 1895. - 3 20 2 IR R A Oct, 12, 1922012100000 5 17 31| 87
ot 7, 1890... - 9 22 P R b Oct, 14, 1022 ... l_.. 7 18 18] 03
ct. 26, 1806. 14 8 45 18 56 36 | 35 Oct, 13, 1923..._ .- -7 4 13 381 01
850 A | el oB| g2l g8
ct. 23, emmcm—m £ 2 I & A SRR SO
e —— a| I o TURTTE) el e SRBERen) 8| B| W TTE[TTE| 8| @
ct. 27, 1808 ooooeo A T 54 Nov. 27, 1887 . cvnaens 9 26 67 23 75 35! 51
0 52
ct. 2, 1809 . o ..o 7 20 85 26 86 Nov. 1, 1g§§é ___________ 1% ;3 6% 17 61 39| 48
10 13 62| 15 Nov. 17,1888 ... 4 5 31 75 49| 38
10 2 60| 46 Nov. 21, 1888...._ 2 29 (1] 7 P I 36! 51
6 i8 50| 66 Nov. 3, 1801, 6 24 i 3 T IV 85| 11
Nov. 5, 1891_.._ 12 13 80 16 80 51| 13(E.)
151) fﬁ 22 28 Nov. 1, 1002 8 23 63 28 64 41| 30
4 2% 62| 58 ) Nov. 11, 1904. 4 7 81 26 83 51| 48
14 22 60 | 20(E.
1 20 60 IEEE.) Nov.8,1906. .. ....._..__ 7 16 78 18 78 321 28
18 2 o 1%(1: ) ﬁov' 5. 5006 N s 0 S I S P
10 28 UR ov. 22, 1009. . 3 11 23 O I
. Nov. 25, 1909_ . 7 1 52 29 85 45 | 54
10 12 53 30 75 57 1 56 Nov. 11, 1912. A 8 1 80 15 82 19 77
6 17 67 24 77 32| 65 Nov, 11, 1816 _ 5 12 80 20 88 37 63
13 11 79 25 83 33| 67 Nov. 11, 1919 - 3 22 64 28 67 331 66
4 25 47 30 58 30| 58 Dec. 4, 1887.. . 10 19 54 20 63 50 | 20
10 24 74 26 74 65| 21(B.) Dec.7, 1887 nooeeeeeomaen- 5 13 60 {eeoens]ooooaee 13| 84
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