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Since the huricane of Seprember 1838 | have bad, om the appearance of
atniospheric disturbances, <o many  applications  for information  relative to
the likelihood of Barbados being visited by eyvelomes. that T asked Mr. F. L.
Skeete, B.AL whe talkes a keen intere-t in Meteorology, (o write n 1mper on
the subject of hurricanes for distribution, <o thul per<son=s oy knoswe what are
che: indicarion= foretelting their approach

Mr. Skecte has Kindlyv complied swwith my reguesr ond { append hisinteresting
arvticle. -

JOHN H., BOVIELI.,
Superintendent.

On West Indian Ifurricanes, with some observations on the hurei-
cane of the 10th meptember 12392 ar Barbados,

Now that the reports of the approach of hurricane=s are regoalarly made in
the West Indies throueh the various meteovologiceal station= establi=lwd through-
out these islacds by the United Soates of Ameriea. | have Deen askoed ns one who
finds mmnch interest in the subject, by Mr. JJ. R. Bovell. F.ILS., F.C.S.. the
Superintendent ¢f the Botanieal Station. to write an accronut of these harricanes,

Some notes and oh=ervations on the hoarvicane of the 10th of September 1898
at Barbado- are alzo appended. :

The csubjeet of West Todian hovvieanes hia- within the past rwo vears heen
wery foreibly brought fo the attention of the inhnhitants of these islands by
the visitation of the huarrvicane at Barbados and St Viacent in Septemmboer 1R98,
and again in Jaly 1890 ar Monrtserrat, Antigun, St Kitts and Nevis, Posrvo Rico.
and several of tire other islands

Within the next few months the so-calied © Hurricane Season™ will have
somne roand again. and it is hoped that this attempt at stating a brief outline of
the theory, facts. and laws relating to these stovins may be of =ome Interest.

PART I

The terrible atmospheric disturbances, which  have been appropriately
termed © hurricanes.” arc enormous whirlhwinds of very great foree, and are
well exemplilied on o =mall scale by the Jocal whirlwinds which ave to be
noticed at times moving along the saorface of vhe fancd.

The wimrl of the horr ne ha= n double motion (e ) the rotutory or cyelonice
whirl, and (&) the progressivae or onward motion of the rotating mass. These
two motions may be graphically illustrated by Fig. I
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Northern hemisphere, or contrary to the motion of the hands of a clock, nx ~ecn
in Fig. 1.

One of the most prominent investigators of the theory of cyclones has been
Professor Ferrel, late of the United States Signal =service. The following para-
graph embodying his theory taken from * Modern Meteorology™ by F. Waldae,
contains a very lucid description of the motion of the wind o a cyclone.

1t should be explained here that there are two forces av work, separate and
independent of cnch other, which cowmbine to give effect to the movement of
the windin the cyclonie whirl of & hurricane., First, there is a foree which
eaunses Lthe upward rush of the air, awud secondly, there is another which brings
about the rotatory whirl of the same air : these two forces have their resultant
in a spiral rush of air.

Referring to the npward rush of the air in a cxyclone Waldo writes -—

“ When at any loeality the air ap toa considerable”™ altitude becomes
o wariner than the surrounding  aiv, there will arvise an uapward cuarrent
@ in this warm mass of air, and an outflow, or perhaps a better expres-

“ gion would bean overflow, of air takes place aloft. This causes a
¢ decrease of air pressure in the warnn area and an increase in the adjavent
¢ pregion which receives the overflow. This difference in  pressure gives rize

“ o a gradient ol pressure at the earth’s =urface, in which the region of least
s pressure is within the warmm area. There thus arises an inflowing current
“ at or near the earth which acts as= o fecder for the asceunding current in the
¢ ywarm arvea. ‘This circulation continucs as long as the condition which gives
“ rigse to it exists.”

Froin the above gquotation it is to be infoerred that the uwpward rush of air
is merely the natural ascending movement of a colmnn of warmer and conse-
quently lighter air, which is surronndaed by n cooler and heavier air. A sihmilar
action takes place when air ascends in a chimmney, or on the same principle as a
piece of woodd floating in water; the lighter mass being forced npwards by the
surrounding heavier mass.

When the ascending air is moist the rite of its upward movement is greatly
.aceelerated. This is due to the fact that condensation takes place, the warmer
column of rising air heing surronnded by a cooler atmosphere. The moisture is
precipitated in the form of rain while latent lheat is= given off causing an
increase of temperaturce in the warm area and cousequently a more rapid
upward rush of the sir.

The same author gives the following account of the second Poree that which

causzes the rotatory, or more correctly, the gyratory motion in a cyelone vie :—
“ If the earthh had no rotation upon its axis, the air moving in towards
w the warmer centre, where the air pressure is less, would move direcrly
« towards the centre, but the deviatory force due to the earth’s axial rot
o tion will cause it o move a Jittle to the right of this centre in  the
« porthern hemisphere (and to the left in the southern), and there results a
< gypratory motion aronnd the centre. The direction of this atmospheric circula-
< gion is then opposite to that of the hands of a clock, and this is to be seen on
“ glmost any chart of the surface winds in the rvegion of a barometric depression
“or eyvclone in the northern hemisphere. The velocity of gyration increases
“rowards and? becomes very great noar the centre. The horizontal motion,
*“however, ceases at some distance

- from the centre.

Mr. Watts, F.I.C., F.C.S., ina paper
by him on these storms, after quoting
Ferrel's theory (the substance of
which is contained in the passage
just adduced} namely, that there is

a force arising from the rotation of
\ the earth on its axis ~whieh causes
bodies an its surface to deflect to

the right in the worthern hemis-
phere. shows by a tigure graphically

tire effect that this deviatory force
wonld hnve on such a mass of air
as that in a ¢yclone, which rushes
P‘igbn. from all directions of the compass

to a common centre. This figure is
reproduced as figure II., and well
serves to bring out the idea of the
effect caused by this deviatory foree, namely, that of produeing the whirling or
gyratory motion of the wind in a eyclone from right to left in the northern
hemisphere.
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Tt may be conveniently mentionad here that at the centre of the whirling mass-
of air of a hurricane, at the earth’s sarface, there is a calm area which wvaries in
size with the individual hurricane. This calm arca appears to be brought about
by the fact that the force which gives rise to the motion of the wind diminishes
at a comparatively speaking short distance from the centre of the hurricane and
disappears as that poiut is neared and reached, and so a calm prevails.

{b) So far then, of the two motions of the wind in a hurrieane, that of the
cyclonic or rotatory whirl has been discussed. The other, namely, the onward or
progressive motion of the whirling mass of air is simply the advancing movement
of the cyclone along the surface of the globe describing a course which is general
1y known as the * hurricane track.” This motion may be aptly compared to. the
ouward motion of a spinning top. A stop may be spinning round at a very
-great rate, while at the same time it has an onward movement from place to place

"{eorresponding to the progressive motion of a cyclone) along the surface on which
it is s pinuing. Professor Ferrel says of this progressive motion {Modern meteoro-
logy, F. Waldo p. 383).

¢ Ordinary cyclones are never stationary and the divection in which their
“ centres move, and theirvelocities, vary not only in different latitudes and regions
“ of the globe, but in the same place nt different times. In general their tendency
“in lower latitudes is westerly and in the middle aud higher latitudes easterly.
“ There are several circumstances which control to a greater or less extent the pro-
¢ gressive motions of cyelones. The principal one of these is undoubtedly the

¢ general motion of the atmosphere in which they exist, not at and near the
“earth’s surface merely. but at high altitudes where the centre of energy is.
“Phis carries them along as a stream of water carries alorng the small whirling
¢ eddies which mrre formed in it.  This idea was first suggested by the writer
“(Ferrel) more than a quarter of a ceutury ago. Tropical cyclones move westward,
“or at least have a large west component, because the general mmotion of the at-
“ mosphere there, up to a coertain alticude, is westeriy, while in higher latitudes
‘eyclones move in an easterly direction with much greater wvelocities, because
“ there the general motion at all altitudes is easterly and the velocity, especial-
“ 1y at high altitudes, is comparatively great.”

To summarise the foregoing paragraph by Ferrel the course or vrack follow-
ed by hurricanes is directed chiefly by the prevailing current of wind correspond-
ing to the latitude in which they are advancing. In the tropics or the Iatitude of
the West Indies they move geunerally speaking westward while in northern lati-
tudes they go eastward.

PART 11

Having briefly outlined the theory underlying the motion of the wind of a
eyvelone, the following extracts taken from Mr. Watt’s article. already alluded to,
enumerate the more prominent features and characteristics which are known to.
accompany these hurricanes.

¢ Thesc storms commonly occur during the months of August, September

“and October and the Pilot Chart of the North Atlantic for July 1801 contains
“ the following note as to their fregquenc The cspecially dangerous hurri-
* cane. months are indicated by the following easily remembered lines: --

Juane, too soon,

July. stand by,

August, look you mmust,

September, remember,

October. all over.”

“The following table, however, gives a more exact
“ guency of hurricanes :—

idea of the relative fre-

June 1T —

July .. 4

August . .. 10

September ... 8 e e
Qctober i

“ The horizontal lines 1ndlcamn°' the pr‘opnrtu)ﬂ gra_p'hmu.lh .

< In Secott’'s Meteorology (Iuternd.tu)ual Scientific Berles) p. 368 the fol-
« lowing tables of recorded West Indian hurricanes during a period of 300 years
“ is given on the authority of the Roy al Geographical Society.

January . 5 July 42
February .. L. J n August . e .- 96
March .- .. ... 11 September .es . 80
April .. 6 October ... ° ... 60
May 5 November 17
June .. 19 December 7

“.A total of 355.
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It is probable, however, that this table while representing the relative
< freqguency by no means represents the actual numiber of storms during the 300
“years for many, particularly in earlicr years, would pass unrecorded.

~ West Indian history teemns with the aceonnts of the destructive violence
“of these storms, the foree of which is =ometimes incredible. and the havodoc .
“wrought truly awilul. The wind velocity reaches as highh as 100 miles per housr
“phus exerting o pressure of 50 lb=s per synare foot on any surface directly onpos-
“enl toit. fov bhas been fonnd iImpo==ible to obtain oxact measurements of the
“ velocit andd pressares of wind fu West Indiamn hwrricanes on acconnt of their
“ fearful violenece” Thus Scott (Elementary Meteorology p. 375) writes 7 observa-
“ tionsfail usif we wish to ascertain the nctual phenomena occurring at the heighro
“of one of thie West Indian hurvicanes. At such times houases are unroofed and
< the general destruction to property and danger to life is =0 great fthat in
soseveral instances the obzervers Lave had to leave thelir posts, and =ell vecording
“anermomueters for registering the direction and force of the wind have been
“damaged by the fury of the storm.

= Velacities of 120 miles per hour and pressives of 70 Ths, per square foot
= have been recorded, and iv is possible that these figures are below the limit.

s Carefnl comparison of the records of many of these storms revealed the
*fact that they nll have featares in commaon.  The wind begins to blow from a
“direction varying from N. K. to N. W., and steadily shifts as the storm pro-

I

PR,

“either frrom N E. to Hoand dies away in S. E. or S.
-or from N.W, to W, and dies away in 8. W. or S.

“or else the wind remains fairly constant in direction somewhere hetween N, E.
“and N. W. bhut increasing in violence uintil all at once there comes a sudden calm
“ often with clear sky overhead ; this calm may last from & few minutes to over
“an hour, when suddenly the wind begins to blow furiously again, but now pro-
“eeeding from a dirvection opposite to that from whiech it blew Dbefore, coming
“ now from between S. W. and S. E. (It will be understood here and generally
“ throughout this article that the conditions describoed are those prevailing in the
“ West Indian Islands.)

“ Another distinctive feature is that as the hurricane approaches, the
< barometer 1alls and continues to fall until the calm period has passed, or until
 the wind begins to blow from E. S. E. or W. 8. W., and then steadily rises as
“the storm sweeps onward.,. Owing to the fact that the barometer in the West
* Indies rises and falls very slightly,—omne-tenth of an inch would be a notice-
“able movement--this fall of the barometer constitutes a most valuable warning
“aof approaching danger.

= In their progressive movement cyclones are fairly constant in the path
“ they follow., TTsually beginning in the mid- Atlantic in about Lat. 10° N. they
reep westward or north westward towards and often over the West Indian
slunds.  As the 5 b the West, the path gradually curves to the North
“until abont Lat, 207 Lo 30° N., £he course lies from south to norvch ; after this
“they sweop eastward and often recross the Atlantic and die away to the North
of the Rritizh Isles.

“ While proceeding westward the oyelone usually travels at the rate of
“abiour 17 miles per hour (it will be remembered that the wind in the cyclone
< may be blowing around the centre with a velocity of upward of 100 nilex per
“ hour). During the time it moves northward (the tirue of recurvature) the
* velocity s much slower being from 5 to 14 miles per hour, swhile it increases to
=20 or 30 miles per hour after it has recurved and assumed its norch eastern
“eourse across the Atiantic.

**This nsually followed course has grave consequences for it lies across the
“ West Indics. then northward along the track of shipping between the principal
“ports of the United States on the Atlantie, and thie West Indies and other
s osouthern pol aud afrer recurving its eastern path carvies it aceross the
s erowded rack of <hipping between the United States and Northern IBarope,

< In Inw latitades the eyvelone is usually of comparatively small diameter,
S the destruactive portion lacreassing from 80 to 1530 miles and upwards in diam-
cetor - a faot which has been fregueasly  iflastrated in these islands. when one
si=binad bas =uffered zeverely while those north and south of it have escaped
~with & severe but not destructive gale.  The huavricane crossing Martinigue on
- Angust the 1dch and 19th. 1391, may be taken as an example. The destroction
= of life and property in Martinigque was terrible, while $t, Laaeia  and Dominiea
= escaped serious injury.

After recurving the hurricane enlarges in area the intensity diminishing
~ somaowhat, zo that in higher latitudes the destructive area may measure GO0 to-
= 1000 miiles across,

i
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PART III.

Two most hmportant characteristics of these hurricanes to be borne in mind,
becanse they formm the basis from which conclhisions may be drawn to aid in
locating an approaching ov passing hurricane : are

(1}. Thatin the West Tudies {these islandds being in the northern hemis-
phere) huarricances whirl or rotate from right to left or contrary to the motion
of the hands of a clock.

(2). Thav in the latitude of the West India Islands as far north aszs about
207 hurricanes advance in a westoriy or north westerly dirvection or in other words
that they approach these islands from an easterly or sonth easterly direetion.

Tae motions here indicated have already been illustrated in figure 1.

There ave thivee heads nnder which approaching hurricanes may be conve-
niently classed in relation to any place to the sounth of 207 north Iatitude and
within the Imits of theiv tracks.,  Any approaching burricane must come under
one of these heads,

Kirstly, those whose centres pass norvthward : seconddiy, southward : and
thirdly thoze whose centres pass direcetly over that place.

Having in view the fuct that hurricanes approasch from an eastecly or
south casterly direction, the three conditions just stated may easily be under-
staood fromw the following diagrama, i these diagrams the island of Barbados
is taken as an instance of a place within the limits of the track and iz shewn in
each case n three positions AL B. C. D, ete. in relation to  the eyclonic whirl,
which i= denoted by avrows representing o somewhat circular area.

Taking the fivst of the three conditious {that in which the centre of the hur-
vicane passe= porthward of the island), a glance at the dingram Rig, IIT. chows
that when vhe boye-
vicane iz approach-
ing the island in
position A, the
wind iz blowing
about North West-
erly (—that as the
hurricanc PAs=Esy
aver the island and
. the izsland i= about
-ﬁ"%ln fd-weny ju i, posi-
tiow 1. the wihnd
i- blowing abous
westerly - that as
thie hurricance  is
leaving the island,
noew in posicvion U,
che windisblowing
about South West-
criy. Tlhus it is,
thiat when thewind
of a muricane connnences o blow Norch Westerley it iadicates that the har-
ricane is approgching with ics conte abont Lo pass northward of the islaond,
and that a~ the hnrricane passes over the wind will boeome westerly and then
semth svesterly - he burvicane iz leaving the i=land.

190..‘ Similarly, the

-2 <ecomd condition Fig.
IV (chat in which the
centre of the hurri-
Cane passes south-
ward  of the isiand)
shows that  as  the
bhurricane is ap-
proaching the i=iaond,
position I, the winad
i blowing about
Novth Fasterly ; that
- a= Lhe i=landd iz abonts
T—= midway throngh it,
position 1. the wind
is Dlowing abont
FEasterly @ and that as
. oA the hurricane is leav-

Second condition, in swhich venire ol =lolm pas ing the island, posi-
the isiand. tien 17, the wind

Secomnt eondition, tn which centre of <torm passes nosfh of
the i=xland.

os o saredle of
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i * tasterly. Consequently when the wind of A hlu"ricune
blo‘zleiﬁ(zls)%l;tbsl’gi? l;g:;::t N U:I-t,h Easterly, it indicates t;ha.t the hurricayne is ap-
CO,m ehing '“rith its centre to pass scuthward of tlfe island, and that the wind
Pl'(])iq ve rgfrorﬁ North Hast to Eust and then Sonth East on the hurricane leaving.
vTV;ﬁc itewhat took place at Barbados when visited by the hurricane of the 10ch
September 1808,

The third

e condition is the

1ost periloas

. one (that in

which thecentre
of the hurricane
passes  directly
I . over the isfand)
. B : ‘ Fig V. In this
LT e oy case as the hur-
ricaneapproach-
es with the is-
fand in position
G, the wind will
heblowingabout
Northerly. As
the hurricane
comes over the
Third condition, in which the eentre of storm passes direcély island the wind

orver the island. will increase in
X bhut continue to blow from the same direction, until its greatest il'orce 1?:
'« gy . o s P . N
iOI(T.ec;“ then follows suddenly a dead ealm. The hurricane has now advanced
reach : the 8 s 3

area are directly over the island, position H. As the calm
vl e ['cin?l'e i’:n-daui&(l)g;{d;:?(;‘]?:-kdtiialig;;ﬁ::} \\ol\lle best show holw it is. that the “'i.nd
aney ljaihiet (;‘, ll;eo-iu to blow, and with great fuary. from an exactly opposite
“-'1“ .\""k ‘e }th' th ity ﬁ“hioh it was blowing before the -ca,lm._ nanu?ly_,r _a.bc_:nzb
divection t,UI d"11 continue Dblowing from this directir)-n ﬂnq . diminishing
_Southel‘ly. ill tti “jhurricaue is over and the island is then in 1)051’(;(_)11 .I. .Thus
in force tl-' d}efa huarricane commences to blow about northoerly _1t indicates
Nhen the W }H‘ i ? ne is édvanciug with its centre r-nn;i)_lg: over the 1&‘_1&.11(1. Th'e
th-at t)}’l‘e l-unt;illi’::e in ;:,his direction inereasing all the while in foree, till there. is
wind will cor]l pad calm. The calm is ended by the wind .sudden_ly comrlnenczn.g
sudden]}; > ((Jt;be opposite direction about southt_arly; it co.umnueg fram this
o b}l;;:')nr(:tl:d gradually dbninishes in force wuntil the hwrrieance is over.
due?ﬁjl"hen the hurrieane bas ('()nnneueed.' the rate of ba-r(?]]lf%bl?]cffalll \Vli] n)_lcereai;sg
i roprorti as the point of ebservation is nearer the centre o E.IE'. S-‘Orr]'j]i T
! S e lowest when the centre passes.  After this, the mercury will rise
“.3”- 1-each_' iee is over. If tho centre of the storm and rénnseque_ntly the calm
until th?{’i;)r:.iq 'jf{‘t.l ; (')ver the point of observation, it will l;ge to1_1nd that the
e pﬁﬁ,ff . c;ia : :':zazlxairjs coustant during the calm.  Itmay pher‘elm*e be safely
b:u‘ulu(-ibell :ﬂ(ﬁi:t nglen the Laroiovier begins toe rise and continues to do s, the
igﬁiilé(:f( the storm and the severest portion has passed. ]
) 1t should be carefully noticed t,h_at in each of the zmbﬁ)ve gau;,j zj(_];(’ ;vlnnocitz}mltz
I necement of the hurrieu.-nfz iz found to !Je blowing l::_) some orth
the (.(l:».zume' n, and a close observation of the diagrams (bea.t ing in mind e
ex.'}y l‘l1'1.@(?&11’01:1,1@ rogressive and rotatory motions of the wind} will bring out
(hreejnon (]J 'np ever‘;’ conteeivable case, the wind at the commencement qt ’
the fact t"mt’qtl begin to Llow from some northerly point generaily speal_u_ng
homrieane ’“131‘“ nd N.W. It has often been heard that persons are terrified
between I:‘ Ji' ﬂ“) )1-0:'u:hing hurricanes, and wyet if the direction of the Wlu_d be
ar rep‘)rt‘b‘to \V?]EII be found to be perhaps blowing from some southerly direc-
O.b‘:'e}w e;kvi]nv at once that the report must be incorrect.
pons P ? commencement of a burricane the wind is alwayg frfnu some
As- e dti;eectinn so at the termination of the hurricane, the wind is always
]}orthel 4 eouthe‘rly direction, generally speakil_xg between SE ,a,nd S:W.
B e \t rm conditions are known to be existing and the wind is blowing
And 5o “Yhen' Sn(;:hcriv direction, it may safely be concluded that the centre of
fronl} 1:1(:':}11:?&:: has p‘assed and the worst is already over. ) o
the \;’hile treating of the wind direction as one of the fe:g:teqr‘-s };nl;]ite\?ﬂixgﬁng
sati of a hurricane, the simple but useful rule u_f uy= Ballo: vh s
ﬂlje ]cc;;&:)ttl;;.l from Mr. Watts’ article may be appropriately mentioned.
also
i s follows :—— ] e ) .
is a‘; If you stand with your back to the an‘dtl?e t':’entre of the storm will
be on your left hand in the northern hemisphere.
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As the extent of area at the earth’s sarface disturbed by o Linrricane is
considerable, having diameter= of one aoar two handred miles, and as their
onvard motion iz only abont fifteen miles per hour in these latitades, at any
place within the distirbed area, the wind of an approaching hwrricane must
be blowing Irom some northerly point for sowe tinie hefore the niore severe
portion of the storin approachez. Henee, when o harrieane is anproaching
“there could not. be a sudden s=hifting of an ordinary wind from some other
point to a northeriy oue. =0 as o commence blawing suddenly and furviously
from the latter with horvieane foree. There will always be a wind from
some northerly dircction for some hours at least before tlie severe portion of
the storm bursts on any place.

To those islands of the West India group which have nn extreine easterly
situation, this matier of observing the wind divection as a warning note before
a hurricaue is knpown to be approaching. is of irnportance, becanse while in the
case of those islands with a more westerly sitaatioan the news of an approaciting
hurricane can easily be telegraphed owing to ob=crvations being taken at other
more windward islands. in the case of an island located as Barbados, no such
timely notice can be looked for.

Together with the condition of the wind blowing trom ~ome northerly peint
when the approach of a inrricane is suspected the concdirion of the sen should be
notie~rd. This iz a very =<ignifieant factor where practicable in making premoni-
tory observations. In advance of a hurricance the sea is always veray much
disturbed. and unuszually rough.

The behaviovr of the barometer duaring these symptoms wonid also be
unusual, showing an abnormal and continuous drop which would increase
with the approach of the hurricanc.

The existenee of ihe foregoing conditions, rmunely. a strong and gusty wind
from some northerly point. an unusanally rough ad boisterous sea and falling
barometer, combine to give very strong indications of an approaching huarricane
at no great distance off. The absence of anyone of there three features must
indicate that there is no approaching storm.

To guote once more from Mr. Watts' intevesting article : he swrites with
regard to the precur-ory indications of hnrricaties us Tollows -

 Much is heardd about the prediction of hurricanes: it should be cleavly
“* anederstood  what is meant by sneh an expression. The prediciion of a hurri-
“ cane weeks or mountbhs before its formation is clearly a thing impossible in the
“ present stafe of onr knowledge. All that can e done is to ascertain the
“oxistence and predict the probable course of o cyclone already existing.
“ We have séen that a cyelone is built on certain definite lines and certain phe-
“ pomena invariably atvend its approach.

“ The following premonitory indications are largely taken from the United
= States Pilot Chart for Aungust 1891, Before a huorricane the barometer is
< somewhat higher than usnanl, with cool, very clear, pleasant weather ; there
“ isa long low swell from the direction of the distant storm : the sky is covered
<owith a gquantity of  lizht feathery cirrus clouds (Mare’s tails) radiating from
“ g point ou the horrizon, where n whitish are  indicates the bearing of the
“ centre. If the cireros plumes are faint and opale~cent in tint fading geaduaily
“ pbehind a slowly thivkening haze or veil, the approaching storn is an old onc
“ of Imprge arcn. If snowy whiteness, projected vitist a clear hlue skyv, it is a
“ young cyclone of smail area, but great intensit; Great activity of inoveinent
« aof the upper clouds while the storm is sl distant indieates that the huvrieane
*“ is of great violence.”

% As the storm approaches the following onmistakeable  signs display
« themselves : the ULarometer falls rapidly ; baic. are seen around the =un and
< anoon : the ccean sweall increases, the weathor becorines iot, molst and oppre=sive
“ ywith light variable winds : deep red and violet tints appear at dawn and
< sunset. tints whiclhh assnme a coppery glare of omineos aspect, a heavy moun-
s painous clowd bank on the distant borizon indientes the position of the approach-
“ ing storm : the barometer falls more rapidly, and fiaaily it the ohs A tions alre
# made on or ncar the storin track in the West Indies, the wind begins to blow
© in a direction between the North East and North West scon arising to hurvi-
s oane force, increasing till the central calm o . then breaking out with
« yiolence from the South to Sonth Hast.

SUMMARY.
1. Hurrieanes votate from right to left in the Northorn Hemisphere.

2. Hurricanes approach West Indian Islands (situated to the south of about
the 20° of latitude) from the east or southeast.

3. The wind of an approaching hurricanec always begins to blow from some
nort herly point generally speaking between N.E.. to N.W.
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4. When the wind at the comnencement blows from N.E.. it will veer to K.,
and then S8.E., as the hurricane dies away.

5. When the wind at the commencement blows from N.W ., it will veer to W.,
and then S.W_, as the huarricane dies away.

6. When the wind at the commencement blows from about N, it will con-
tinue in that direetion tiil the centre and calin area is reached, Then it will
blow from about S., and keep this direction till the hurricane dies away .

7. Preceding a hurricane therve are three necessary premmonitory features :
a falling barcimeter, abuormally so @ a strong wind from =ome northerly point :
and an unusaally heavy =ea.

PART IV.

Nores oN THE HURRICANE orF THE 10TH SkErrevpaen, 1

S AT BARBADOS.

So long a period as sixly seven years having elapzed since this island was
visited by a severe huarricanc, it sccems as 15 the danger which threatened its
inhabitants on the afternoon of the 10th Sceptemsber. 1808, was seareely helicved,
and not realised. Accordingly obscervations preceding and daring the hurricane
are not so nmnerous and comprehensive as they might bave been, had these
hurricanes been of more freguent oceurrence—a circiimstance, however, not to
be desired.

Being sident at Podds Botanical SBtation at the time thiz hurricane
oceurred. I had the pleasure of assisting M. J. R, Bovell, F.L.S., F.C.S8,, the
Superintendent, in making a record of observations, and the substance of these
notes is derived principally from those records. The baronretric readings are
corrected for temperatnre and reduced to sea level, I am indebeed o Mr. T
McoDonough. the observer at the office of the Bureau of the United States of
Arnerica in Bridgetown. Barbados. for generovusly affording the use of some of
his valuable observations, and also to the Hydrographer of the Hydrographie
Mfice at Washingtou for a copy of the interesting Pilot Chart of the Norch
Atlantic Ocean for November, 1803, from  which information regavding this
hurricane has heen obtained.

PPREMONITORY INDICATIONS.

A perusal of the meteorological readings tnken at Dodds Botanical Station
for the few days preceding thiz hurricane, shows that there was a gradual
barometrieal fall from the $th to the morning of the 10th, the date of the
burricane, covering a range of 118 inch. and taking the majority of the readings of
the wind dircetion during the same periad the wind blew from the north side of
east. while previons to these few davs it had been from some southerly point
On the whoele the winds may be =aid to have been variable during these days
before the hwrricane.

The depressivn of the merciury on the day preceding the date of the
hurricane wonld seein undoubtedly to be directly caused by it, but the depression
during the days from the 4ih need not necesszarily have been due to this cause, for
the reason that there are many occasions when equally low barometrical readings
are recorded, which show a similar depression, and ne hurricane has occurred.
Hence it appears that a gradual depression for days such as preceded this
Lrurricane eannot be taken as a decided forewarning. The fali, however, from
9 a.m. on the 9th to the same hourou the 10th was 0538 inch, or nearly egual to
the fall during the five preceding days. This was noticeable. and no dounbt
directly caused by the hurricane, and may be {aken as on of the factors
indicating its approach. On the 9th the diwrnal range from 9 a.nn o 3 pan. was
02 above the average.

Mr. McDonough's journal entries from the 5th September are very interesting
and give detailed accounts of the weather in the davs preceding the hurricane.
By his kind permission they are made use of.

o Aronday Sth.  Light showers began and ended during the night 10.15 a.an.
“ to 10.20 am.: 12.836 p.on. to 12,43 poan. : and 2.50 p.m. to 3.02 p.m. The morning
was genvrally partly cloudy swith eirras clouds moving from the south. the
‘ direction changing to east about 7.30 am. with increasing cumulus clouds from
the east during the afternocon, the direction changing to northeast in the
evening and cirrus clouds moving from the southeast. The day was generally
partly cloudy with fresh northwest winds prevailing.”

“ Tuesday G6éh.— Partly cloudy in the early morning withceirrus clouds moving
from the sontheast and cumulus from the northeast. Threatening weather from
“about 9 a.an., with showers during the night ; 5.25 a.m. to 5.28 a.um.; .38 to 10.05
“a.an.; 11.56 am. to 11.57 a.m.; 12.08 p.m. to 3.30 p.m.; and from &.40 p.m. to 9.30
“p.m. Slightly falling barometer from 10.30 a.m.. Generally gentle north east
“ winds,

&
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“ Wednesday 7th. Showers began and ended during the night; 5,830 a.m. to
“H.838 a.m.; 8.12 a.an. to 9.65 a.m.; 10.15 a.m. to 1035 am. and from 2.26 p.m. to
“6.45 pm. Very unpleasant weather. Generally clondy with winds fresh, and
“ gentle from the northeast.

* Thunderstorm first heard at 4.15 p m.: loudest at 4.18 p.m.; last heard at
“4.20 p.m.; storm moved from the southeast to the northwest ; temperature
“ before the storm was 86, and it fell to 72 daring the storm ; direction of the
“ wind before the storm was sontheast ; after northeast ; maximum wvelocity of
“the wind was 9 miles, northeast; amount of precipitation from the storm, 0-32
inch.

“ Phursday Sth. Light showers began and ended during the night. General-
“lv clear in the morning with cumulus clouds moving from the northeast, wind
“very light and from the north. Very mmugpgy. Cirrus clouds moving from the
“ sputhwest appeared at 7.830 a.m. with wind northeast, and cumulus changing
“direction to southeast, weather becoming threatening., with showers 820 a.m.
“to 8.80 aan., 9.20 aap. to L3060 p.m.; 2.30 pom. to 4 p.m; 7,30 pom, to 8.05 pum.; and
“from 1050 poan. to 11.20 pom.  Excessive rainfall occurred between 12.060 pom.
“and 12.39 p.ni. 051 inch falling during that time. Very unpleasant weather
“all day. Gentle northeast winds prevailed.

“ Friday 9th. Clear immediately before the a.m. observation, bhut eloudy
“formation rapid shortly after the observation with showers §:55 a.m. to 10:05
“aum., 1:830 p.m. to 2:40 poan., 4:35 pora. to 5:09 pooas: and 8:20 p.an. to 8:45 p.m.

On Saturday, the 10th September., at Dodds Botanical Station at 9 a.m.
the reading of the barometer was 20°-840 and at 3 p.m. 20.680, giving a range of
*160 inch more than donble the average.

From about midday the wind blew from N.HE. with light drizzly rain and
during the afternoon came in fitful gusts from the same quarter. The sea was
observed to be unusually rough on the coast line. It was generally cloudy. and
a conspicuous cloud bank was noticed to the southeast about 4.30 p.n. and the
general appearance was very threatening. From 3 p.m. to 6 p.m. the barometer
reading showed a fall of -083. This was good evidence of coming dauger, as at
this time of the day the barometer does not show a downward tendency.

Mr. McDonongh’s record on this day was as follows-—viz, 1w

“ Satrurday I0th, A thanderstorm is reported to have occurred during the
“ night, but nothing could be learned as to time or direction of movement. Light
“ rain began during the night and ended 4 aan.  Drizzling rain from 16:50 a.un to
€ 12:80 p.an.  Rain began at 1:15 p.m. and continued becoming excessive at 8:15
“poan. and 10:15 p.m.: the tilting bucket raingauge being upset at 10:18 p.m.,
“ there is no actual reeord as to the hourly amount which fell snbsequent to
“that time, but it is estimated to be much greater than in the hours pre-
< ceding.

“During the moraing cirrus clouds were observed moving rapidly from
“ the south, changing formation to strata cumulus, and nimbus in the north-
“ east early in the forenoon. Very muggy during the day but not with

“abnorimally  high temperatures. The winds were generally from the
“ northeast, backing to the mnorth. The barometer rose slightly until
“about 9 a.m., and began to fall from 11 aon., the weather in the meantime
« hecoming very threatening, with light sprinkling rain. A heavy sea swell was

“ reported from the southeast.

“ At 6 a.m., the barometer read 20.884, noon 29.87 ; 12.40 pau., 29.808, and
“ from 1 p.m.. to 6 pan., it fellat the rate of 0.02 ineh per hour, being 29.70 at
“ the latter hour. It fell 0.12 inch from 6 to ¥ p.am. : 0.03 inch from 7 to 8 p.m.,
“ and reached its lowest 291462 at 0.20 p.n. The rise from 8.20 pan., to 6 a.m.,
< of the 11th was nearly uniform when the reading was 290,803,

Tni: these observations we have recorded three foreible indications which
combine to give evidence of an approaching storm. l1sta wind from some
northerly point, 2ud a rapidly falling barometer and 3rd a boisterous and heavy
sen, and these conditions were in existence for many hours before the severe
portion of the hurricane was felt.

OBsSERVATIONS DURING (7115 HURRICANE.

As often happens when a hurrieane occurs the ohservations taken while
it was raging, were rendered incomplete owing to its severity., It was about
6.15 to 6.30 p.m., that the outer edge of the severe portion of the storm
burst on this part of the island. This ~vas very noticeable from the
distinetly greater force of the wind which ecame with a terrific gust and
there was a corresponding drop of the mercury, nearly % of an inch in
fifteen minutes. From this hour till about 9.30 the wind gradually increased
in foree with =a diminishing barometric record. At the latter hour the
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barometer at this station recorded its lowest during the hurricane,'bei_ng 29‘45}4
inches, a fall of .167 inches from 6.15 p.m., to 9.30 p.an. Fr::)m thls_ time a rise
was noted being more rapid from 10 to 10.30 p.m. After t_ins bour it was more
gradual and at about 12.30 to 1 a.an., the burricane may be said tohave been over.

The following is the barometrical record taken every quarter of an hour
from 6.15 p m., on the 10th to 1230 a.m. on the 11ith.

BAROMETRICAL RECORD. DODDS BOTANICAL STATION-—

10T SEPTEMBER, 15898,

6:13 p.n. 29-581 inches
6:30 . . 29-481 -
6:45 ., 20-513

»»

BAROMETRICAL RECORD. DODDS BOTANICAL STATION—

10T SEPSEMBER, 1899 —Contiriuwed.

700 ., . 20:505 -
7:15 ., 29-509 -
7:30 ., 20-499 .
745 ., 20-497 .
8:00 29-489 .
815 .. 29-48;] .
8:30 29-455 .
s:45 ., 20433 .
9:00 . . .. 29-474 .
%15 29-420 .
9:30 ., 20-404 -
9:45 ., 29-430 -
10:00 ,, 29-430 i
10:15  ,, 29475 -
16:30 ,, 29-519 .
10:45 ,, 29-527 .
11:00 ,, . 29-539 .
11:15 29-587 .
1130, 29-568 o
11:45 ., 29-592 -
12:00 Midnight ... 29552 .
12:15 a.m. 29-616 -
12:30 ., .. .- 28624

There heing no self recording vane at this station the direction of the wind
could only be roughly judged by glimpses from the sheltered side of the house,
and then from the quarter in which the wind blew when it had sufficiently
abated. At the commencement and during the first part of the hurricane it

blew generally speaking from XN.E. and at about midnight it was noticed from
the S.E.

It kept o continnous roar and came with awful gusts at short intervals. To
these no doubt is due the great damage which is seen to follow in the wake of
one of these hurricanes. The traves of the hurricave in the shape of debrisz and
trecs showed that the severest wind (the first part of the hurricane) must have
been northeasterly, comparatively few objects heing observed to be blown from
a southeasterly direction, though the latter were to be seen. The average velo-
city of the wind at this station from 5 pan. on the 10th to § a.m. on the 1ith
was 42.7 miles per hour. As the hurricane practically ouly lasted about 6 hours
of this time the intensity of the wind forece may be imagined.

The lightning was incessant throughout the storm and flash after flash
appeared in rapid suecession. No thunder was heard probably on account of the
roaring noise kept by the wind.

The rainfall registered at this station was 4.36 inches from 6 p.m. on the
10th to 6 a.m. on the 11th. Muach heavier falls were however registered at other
stations: the more s further south or nearer in the direction of the

hurricane
centre.

= The following iz guoted feom Mr. McecDonough's notes, viz @

“ During the afternoon the winds were generally north but withont any decicl-
ed increase in foree. AU 6.10 pomn. thie wind changed to northeast with increased
velocity and at 6.30 iv began to blow a gale from the sase direction increasing
“in foree every minunte thereafter aud at 10,158 poon it had atiained such a great
“ velocity that it blew the iastrument shelter and sapports from the roofs, blew
“ down the wind vane and anemometer sunpport, which upset the self-registering
“ rain gauge.



11

“ The wind although apparently inerecasing steadily in force as shown by
“the anemometer record sheet, yet throughout the storm there were terrific
instantaneous gusts, the velocities of which must have been very great. It
was one of these violent gusts that blew the apparatus down. At 5 p.m., there
“was 18 miles of wind, 6 p.an., 17, 7 p.m., 31, 8 pan,, 36, 9 p.m.. 43, 10 p.m.. 54.
* The greatest velocity for 5 minutes was 62 miles per hour, northeast 10,91 pom.,
“to 1006 pom., and the greatest for 1 minnte 75 miles, 190,17 pom. The velocity of
“ the wind was much greater hetween 10,18 pome, and midnight than at any
¢ other time previous, and must have attained a rate of from 90 to 100 miles
“ per hour. It abated considerably after midnight but blew a strong gale antil
“ after the morning observation of the 11th. Durving the storm there was a
“ remarkable electric dizplay over the entire heavens, but no thunder was heard.
“ In the southwest at a great distavee there appeared a brilliant permanent
 light during tlhe night., bnt no explanation of this phenomonon ean he given.
“ Many persons report having expervienced an eavthguake shock. but none was
¢ felt at this office.

Attached herewith is a comparative chart of the barometric readings
during the paszing of the harricane, at Dodds Botanical Station, Barbados, and
tire Botanical Gardens in St. Vincent, the centre of the hurricane having passed
over the latter island.

The idea of the chart is to place together as nearly as possible those read.
ing= which were taken at the corresponding stage= in the progression of the
harricane, at the twao islands. The most striking feature is the much greater
severity of the hurricane at SL Vincent a=s compared with Barbados. While at
Barbados the total drop of the mercury during the hurricane was abont fwe-
tenths of an incl, at 8t. Vincent a fall of over one inch is recorded.

This chart also affords the means of ascervaining the diameter of the
destructive portion of the hurricane, more conspicunonsly from the readings taken
at St. Vincent.---The hurricane commenced severely nt Barbados about 6.30 ..
on the 10th and reached St. Vincent about 9 to 10 aan. on the 11th. dMr. H.
Powell, the Curator of the Gardens there, says= in hix official report ou the
hurricane: “* At 10 a.a. the barometer had fallenm to 29-339 and it was at this
“honr that the storm was seen te have commenced in earnest ™ Thus in
passing from Barbados to & Vincent. a distunce of about ninety-five miles,
the hurricnne occupied about tHfrecen hotrs or it travelled duaring that time at
about the comparatively slow rate of 6} miles per hour.

Assuming that the hurricane commenced at from 9 to 10 aan. whicly is
evident from Mr. Powell’s account, and also o the graphic illustration ol the
chart, it is also evident that it was practically over about 3 to 4 pan. M. Powell
savs that at 3 p.m. the usual hour for recording observations the barometer
hiad risen to 28533 = and the storm had so abated as Lo render it safe to go ont-
side.” Couseguently the severe and destructive portion of the hmricane sceins
to have lasted at St. Vinceot about 6 honrs. This compares favourably with
the experience at Barbados.

Calenlating the rate of the onward wmovement of the hurricane to bhe 6] miles
per hour as above, and assuing this rate at St Vincent, it is readily seen that,
as the centre of the hurricnne passed over St Vincent. and it took 6 honr=s to do
sG, the diameter of the destructive portion af the hareicane was about 661 miles
or 88 miles. It is thus scen that it was a very small hurricane but at the same
time a very severe one, as depicted by the awfal havoe and destrnetion wronght
at St Vincent.

TRACK OF HURRICANE,

The earliest record that 1 have been able to obtain bearing on the track of
thie bhurricane is taken from the Bamibados ctdvocefe Newspaper of the 17th
September, 1898, It reads

« The log of the I'rench barque = Tourney ” which arrived here on Monday
< preporting having encountared the hurricane 3CG0 miles from Parbados is as
w follows 1——* Mid-day Oth September, point observed latitude 12°2, longitude 54-2
« (Paris) wind blowing N. kK. Stroug swind, Heavy. barometer 208 (corvected
s 20-85) winds became stronger after mick-cdax. AT 4 pm, bharometer fell 3
“ per hour, and at 7 p.m. it was at 20°1 {corrected 29 Y. wind altering fr(pn . E,
“ to N.N. E. After mid-night 9th Septenmber bharometer 293 (corvected 20-75)° 7

The barque * Tourney  appears to have encountered the hurricane about
21 hours hefore it reached Barbados at a distance as recorded above of 300 miles,
making its anverayge rate of advance for those 24 howr= to be a little over 12 miles
per hour, moviug from about an East-South-Kasterly direction.

Jts centre having passed about 15 miles south of the meost southerly point
of Barbados it continned its conrze in a direet line to the island of St. Vincent,
at a considerably slower rate between Barbados and that island, calenlnted as
mentioned before to be about 6} miles per hour.
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The Pilot Chart of the North Atlantie Ocean issued in November 1898, and
which was kindly supplied from the Hydrographic Office at Washington U.S. A,
contains a detailed account of the track of this hurricane between the 10th and
Zath September, 1898, at which date it was on its easterly course in the Mid-
Atlantic. T have annexed a copy of Chart ITL* taken trom Reid’s Law of Storms
showing the recorded tracks of some ten hurricanes, and giving a general idea
of the course these hurricanes usnally take. The track of this hurricane has
also been traced on that chars from the data given as observed on the bargue
“ Tourney ” and from the United States 1Pilot Chart. Ifrom this Chart the
following extracts are taken giving a detailed rvecord of the hurricane track
viz 1

* The track of the Waest Indian Hurricane of September 14 --20is shown
“ upon the main Chart. The approach of this hurricanc was indicated at Barba-
“ dos by dark lowering weather. and falling barometer during the forenoon of
“ Baturday, September 10th. The centre passed to the Southward of this island
“at 930 pan.---12.30 p.m of the same day:; lowest barometer 20.40; Winds N.E.
« shifting S.J.

“ At 12 noon, September 11th, the storin was central near Kingstown,
“ Se. Vincent.

“ From St. Vinecent the hurricane moved I9.W., at the low rate of 6 niiles
“ per hour:; winds with force of gales within seventy five miles from its eentre.
“ O the 12th and 13th it was central to the west of the Lesser Antilles, turn-
“ing to the northward on cthe latter date. On the l4th, it resumed its north
“awest  course, recurving to the northeast on the 17th near latitude 307 N,
< longitude 71° W.”

The British Steamship “Irrawaddy,” Port-of-Spain to New York, cncountered
the hurricane on the 1ith and kept within the storm area until the 18th. She
“ had strong winds to gales of hhurricane force throughout this period, experienc-
“ing some very bad weather.

“On 18th and 19th the storm pursued a northeasterly course moving at the
“rate of twenty-five to thirty miles an hour; its area being increased con-
siderably.

“The last report of the storm received was that of British steamship “ Hes-
“ peria.”  She reports latitude 427 N, longitude 42° W., a.m. 20th, winds S.S.'W.
“ foree 10. shifting N.W.: lowest barometer 29:62; sgnalls blowing swith terrific
“ force: sea at times mountainoas.”

The irregularity of the first half of the course of this hurricane as compared
with the others recorded on Reid’s Chart is very conspicuous, and it appears
inexplicable why it changerd its course so suddenly at St. Vimcent from an
almost westerly to a north westerly.

It scems to have followed then a direction corresponding to the chain of
Woest India Islands until about west of Antiguna when it took a more northerly
turn, steering its way between the northernmost islands of the Lesser Antilles
on the east and the Virgin Islands on the west.

Its northerly course continued till between the dates of 14th and 15th when
it chnanged again to a northwesterly, gaining its westerly Ilimit on 17th at a
latitude of 80" N. It then assumed a northeasterly direction which was followed
«huring the nexc three days. No further record of its track has been obtained.

E. L. SKEETE.

Drodds,
26t April, 1900,

* Not printe:l.
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RETURN
J
OF THE AVERAGE ANNUAL RAINFALL, THKE YVYALUE OF THE CHEMICAL MANURE
APPLIED, THE CROFP OF THE ISLALD THE FOLILOWING YEAR, AND THE NUMBER
OF HOGSHEAIDNS O SUGAR ORTAINKD FOR EACH INCH OF RAINFALL THAT

FELL THE PREVIOUS YEAR FOR THE PAST NINETEEN YEARS 1881
TOo 1899 INCLUSIVE,

- et
{

1 ]
1 H
Amount of : Value in £ | Craps of the | No. of hhds.
} Rain in in- | of the arti- Island in ! perinch of
Years. ' ches which | ficial ma- | hhds the Rain. Remarks.
1 fell each | nure used | next year. .
! year. i in the :
! I Islands. |
i i
| i ‘
1881 TO45 : 26,500 54,937 ¢ T80
1882 50006 } : 52,851 1,056
1583 G3-12 62,085 E 954
1884 57-95 67.764 1,170
1885 4405 : 435,769 . 1.038
1586 8281 30,081 | 68,872 832
13887 GO 01 20,025 H T3,009 1,058
15884 : 51,524 ' 65,2068 : 945
1889 g 83201 85,261 1,103
1890 ! G2.958 5G54T 062
1801 G6-30 79.323 SULTS 8392
1892 S6-46 109,560 613,804 7Tl
1803 7618 96.600 | 8h4
1894 41572 95,119 781
1805 S0-05 55,5148 617
1206 89-67 70698 654 s cn e
1807 7805 35,212 * 53] 743 L Enars
1898 6941 (G2 988 * 44 i 666 P
18U 50-860 #2671 3 46, L *0006 *Hstimated
Average. | 6T-08 57,923 =85

Az a bhogshead is seven-eights of a ton the average crop of the island for the
paszt nineteen years is I'4 tons per acre. The walue of the chemical manure
applied £1 7s. 8d. per acre und the cost of the manure £1 2s. 7d. per tou of
sugar.

1§51 & /1858 teccliarve . 5,067, 7&%
/8G9 46y 275
/g0 5,57/
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