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SYNOPRIS. 

.4 brief sunimsry of what is known bearing directly on this subject 
concerning wind and waves is given. 

Hurricanes are in dl instances preceded by s0orm t.ic1ee. The water 
commences rising on the codtst in  front of the ryclonic area, one to t.wo 
daw before the storm in experienced. 

?he wind velocities and directions in  different parts of t,lie hurri- 
cane, as deduced theoretically, do not meet t,he requirement.s in t.Jiis 
study to explain the rises in tides. Composite charts showing t.he 
actual wind directions and velocities determined froin stations in t.hs 
different pirts of the c clonic area are submitt,ed. In t.he riglit.-hand 
rear quadrant t,he win& blow with much great,er ve1oitit.y and persist 
in the same direction longer than in any other part of t,he hurricane. 
A t  stations in this quadrant the wind haa been found to ljlo\\7 for 2-1 
lioura or longer with a direction in line wi th  the advance of tlie hurri- 
cane, with an avera velocity of 60 miles per hour, and for 13 hours 
a t  70 to 85 miles per Eur. In other parts of the cyclonic mea the wind 
continues to blow over the water in the same clirection for only a few 
hours. 

Winds in  the cyclonic area over water develop waves of a size and 
length which bear a relation to the sustained velociOy of the wind and 
the length of time the waves am under the influence of the 8:me wind 
direction. Waves of different sizes are developed in proportion to 
the winds which prevail in  the different parts of t.he cyclonic area. 
The largest and longest waves are created in the rear right-hand quad- 
rant; these waves paas on through the cyclonic arm and move to shore 
where they cauae a rise in t,he water in  the front of and on the right of 
the line over which the center of the hurricane is advancing. This 
rise begins when the center of the hwricane is 300 to 500 miles diskant, 
and continues until the hurricane moves inland. The heights of the 
water reached at  shore near the center of the storm vary from S to 15 
feet above mean Gulf level. 

Changea in  the position of the rise of the storm tide indicate changes 
in the course of the stom. 

Bold-face figures in  arenthesia refer to aut.horities preceded I J ~  the 
same figure in the bidography a t  the end of this paper. 

STORM WAVES AND SWELLS. 

Waves and tides that appear along our coasts, many 
hours and a t  times one or two days in advance of hurri- 
canes, convey some definite information regarding thc? 

' position and direction of movement of the storni still 
many miles distant in the Gulf. Swells and waves l-)rcitk 
upon the shore and the water rises as the result of winds 

revailing in the Gulf sonietinies 400 to 500 iiiiles 
iistant. 

The relations which the movements and actions of tlie 
waves and tides bear to the position ii.~id niovcmcnt of 
the meteorological disturbances, which develo ) and carry 
these phenomena t o  shore, have not rewiwc f the atten- 
tion the importance of the subject justifies. 

Ocean waves and their action under wiiitls have 
received the attention of investigators. and we n.ill sum- 
marize briefly the more important results ontninetl tlia b 
bear directly 011 t l ~  subject. Their height, length, and 
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speed have heen carefully studied and recorded in both 
drcp and shallow water. In the Atlantic and other 
ocenns with 600 to 1,000 miles sea room it has heon 
foniid in ordinary stolmis that waves of 35 to 40 feet in 
height m e  developed and in esceptional storms waves 
ma\- tweed 45 feet. The crossing of two lar e waves 
will sometimes send up a peak of water which % as been 
t.st.ininttvl to he 50 to 55 feet in height. The quotient 
c.iljtnind hy dividin~ the wind velocity in miles er hour 
I)y 2.05 rq~rc'sciits tfie average height In feet of t % e waves 
dr\-elnped by that wind ; however, this average will be 
c!sc.c!dell when the wind liss full op ortunity to esert its 
force. Wuvcs prnducecl upon the c Q eep sea communicate 
tlicir niut.ion to the water to a depth of about one-fourth 
thc wave length; when the waves run into water which 
has de th less than one-fourth the wave length a reduc- 
tic-m o f  the speed of the wave results and continues as 
aliiillin-er water is reached ; the diminishing speed causes 
tlie wave crests to close up, the s ace separating them 
IJOCDnlC!S less m d  less as the depth o P the water diminishes; 
h i t .  the inberval of h i e  between the arrival at  shore of 
succcssivc crests remains unchanged. The average 
storm witve in deep water moves forward u-ith a veloc3y 
n feu- miles per liour less than the wind velocit that 
pr~iduces it. Long waves and swells that move t g rough 
the sturni and breiilr upon the shcire travel when in 
deep wat.er with a greater speed than the highest waves 
in  storms travel. In seas partly inclosed the speed and 
length of waves arc less than on the o en ocean, these 

wiiicls. (3.) 
lti t,lic Gulf of Mesico there is a distance or length of 

fet.ch ~x-er  clcep water for 600 miles from the Yucatan 
C'1i:itiiwl to the middle Gulf coast and SO0 miles to the 
wwt Gulf const:. Froin the Florida. Straita to the 
mitltllo :LNI west Gulf coast the disbance or length of 
fct.cli rai1gc.s from 600 to 1,000 miles. 

111 R cyclonic w e n  with a progressive movement of 12 
tu 15 miles per hour lwge waves of considerable length 
w e  ilriven throug.h and beyond the c.yclonic area and by 
grayity and inert,i.r, itre carried on far in advance of the 
tiroti cowred by the cyclonic circulation. 

In discussing the propgat,ion of WRVBS of the sea in 
this ccjnnectioii Coriiisli B R ~ :  (61 

The breakers which arrive (at shore) somewhat irregularly during 
st.oiins do so at  intewnls which, aa far aa I have noticed them, do 
nut differ much from the intervals observed on board shi in the 
deep sea during storms. N7hen waves are driven outside &e wind 
area aiid left to themselves to travel over considerable distances 
the originally comples and irregular waves are analyzed into a series 

!wing tlotermined by the length of P etch as well as 

lsl 
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of simple, regular wava of uated lengths. The longer and swifter 

flatten out very quickly as they travel, whereas the longer components 
preserve their hei ht with but little diminution for long &stances 
and reach laces far distant from the windward shore, where. the 
water will geave with a lon period undulation. At a considerable 
distance from the windward Lore the state attained by the sea during 
a Btorm does not depend only on what the wind doea there but by the 
trarpmisslon by gravity,.inde ndently of the wind of the longer- 
penod component of the m e  %r waves which the storm has created 
to windward. The greater & length of the fetch the greater is +e 
distance from which the surface water draws the reinforcement of ita 
long period heavine and the greater, therefore, is that art of the wave 
disturbance which is of greater wave length than the $ominant wave. 

are in front, the ahorter an P slower in the rear; the shorter components 

Darwin says: (2) 
The point we have to note is that an blated disturbance will 

erate long waves and they will run ahead of the small ones; the 
wavea are more persistent, * * * but I do not understand how 
it is that the separation of the long from the short waves is 80 complete 
nor what governs the length of the wave. 

Dr. George Stokes showed nearly half a century ago 
that there is a transfer of water in the direction in which 
the wave is moving. The speed of the transfer depends 
on the depth and diminishes rapidly as the depth of 
the water increases. (4) 

Coast currents observed as resulting from c.yc1onic 
storms in the Bay of Ben a1 have a steady set or drift 

It is probable that the strength of a c clone advancing to the north- 
ward coaat of the bay could be roughc ascertained by the strength 
of the westerly set at the head of the bay. Data are, however, want- 
ing to test t h .  * * * The drift near the center of large storms 
in the Bay of Bengal may be EO much aa 6 to 8 knots * * *. 

Observations of coils tructioii engineers indicate t,?iat 
the effects of waves on such structures as rubble break- 
waters are enerdly not appreciable beyond a depth of 

however, in different localities. At Port Elizabeth, 
South Africa, blocks of rubble stone weighing 100 to 
150 pounds, in 22 feet of water, were not disturbed by 
waves 15 to 20 feet high. At Colombo stones weigli- 

. ing three tons, in water 10 to 14 feet deep, were dis- 
turbed b waves not esceeding 15 feet in height. A t  
Algiers, Kf rica, stones 33 to 39 feet below the surface 
of the water were moved by waves or currents.(7) 

The most destructive element in hurricanes is the 
breaking wave. A cubic yard of water weighs about 
1,500 pounds and the waves, driven by the wild, break 
on the coast with the water moving forward a t  a s eed 
of many feet per second, and cause destruction w x ich 
exceeds description. 

to the west. Eliot says: ( P ) 

15 to 16 B eet below the wuter surface. This varies, 

TIDE RECORDS. 

The Port Eads tide g e is about 2+ niiles up the 

Southwest Pass is 5 miles from the Gulf. 
The tide gage at Galveston is a t  the foot of Twentieth 

Street. The tide records used with the Mobile (Ala.) 
meteorological records are Pascagoula, Miss., ,1909, and 
for the other years, Fort Morgan, Ala. 

Mean low water at Port Eads, La., is 0.3 of a foot ancl 
a t  Burrwood, La., is 0.7 of a foot above mean Gulf level. 
At Fort Morgan, Ala., mean low water is 0.3 of a foot 
above mean Gulf level. For Galveston the United 
States Coast and Geodetic Survey ives mean low water 
(1917) 0.5 of a foot below mean G d  level. 

The zero of the tide gage at Port Eads, La., is 3.16 
feet and at Burrwood, 2.26 feet below mean Gulf level, 
and a t  Fort Morgan, Ala., the zero of the tide gage 
is 1.22 feet below mean Gulf level; therefore, mean low 
water on the Port Eads ga e reads 3.46, on the Burrwood 

South Pass from the Gul T , and the Burrwood gage in 

gage 2.96, and on the Fort 6 organ gage, 1.52. 

Darwin, in speaking of tides, says: (2) “The word 

re,aular and ersistent alternations of rise aiid fa fi to of 
‘tidal’ should only be used when we are referrin 

sea level.” 8 e  suggests that changes of water level due 
to wind and other atmospheric influences should be 
referred to as R “nieteorological tide.” The meterological 
tide may be either low water or high water. 

In referring to tides enerally, mean low water as used 

uscd ns the reference plane. The tide graphs shown 
with the graphs of meteorological conditions will give the 
tides above mean low water, in order that the records 
for Cfulveston, Burrwood, and Mobile, niay be easily 
coin ared as the cyclonic area advances. 

iven hour. A stud of the re 

hy the United States Coast + and Geodetic Survey will be 

!$e term “Storm tide” will be 

Fetween hurricanes anc 9 tides has 

height of the water in excess of the 

through the complct,e records of 
we have had the good fortune to secure for this study. 

Each hurricane, during the 20 years, 1900 to 1919, in- 
clusive, will be taken up in chronological order, and 
we will deal especially with the relation of the tides to 
the center and movement of the hurricane. 

METEOROLOGICAL RECORDS AND HURRICANE TIDER. 

September 1-1 2, 1900.-This disturbance reached the 
Florida Straits, September 5, and moved in a north- 
westerly direction across the Gulf, a distance of nearly 
1,000 miles, with its center passing inland over the 
western part of Galveston Island about 9 p. m., Sep- 
tember 8. A gritphical re resentation of the wnd, 

Galveston, *ex., durin the assage of this storm through 
the Gulf is shown in sate At Port Eads the barom- 
eter commenced falling on the morning of the 6th and 
fell steadily until the night of the 7th, when 29.56 was 
recorded a t  the 8 p. ni. observation. The wind was from 
the northeast during the 6th and until 8 a. ni. of the 7th, 
with steadily increasing velocity, but not exceeding 44 
miles per hour. The wind shifted to  the east in the 
afternoon of the 7th, and the highest hourly velocity 
was 47 niiles a t  4 p. 111. and 5 p. m. At 8 a. m. the wind 
was from the southeast and the velocity 30 miles per 
hour. 

The tide ga e at  Port Eads showed a slight rise in thc. 

water continued to rise steadily, reac ing 2.8 feet above 
mean low water at  9 ni. on the 7th, the rise caused by 
the hurricane in 34 rours being 1.2 feet. The oscilla- 
tions of the regular tides were not overconie, but the 
water at lowest tide on the afternoon of the 7th was 1.6 
feet higher than the lowest water on the previous day. 
Port Eads was about 150 miles to the right of the line of 
advance of the center of the hurricane at the time of the 
highest water. In  this instance the water at shore 
commenced rising at  Port Eads 150 miles to the right 
of the line of advance of the hurricane, when the center 
was 400 miles distant and 36 hours before that place 
was on a line drawn through the center of the hurricane 
a t  right angles to the line of advance. The hi hest 
water occurrod with the passage of the center of  the 
cyclonic area ancl coincident with the lowest barometer 
and hi hest winds. 

At balveston the barometer commenced falling at  
5 p. m. on the Gth and continued fallin steadily, but 

The barometer then fell rapidly, recording 88.48 inches 

barometric ressure, and ti 9 es at Port Eads, La., and 

?I 

water above t 5 e remgular tides duriii the 6th, and the 

slowly, up to noon of the Sth, when it rea % 29.43 inches. 
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a t  8:30 p. m. of the 8th, the lowest pressure recorded up 
to that time at  a Weather Bureau station. The wind 
blew steadily from the north from noon of the 6th until 
3 p. m. of the 8th, except that it blew from the northeast 
during the hours ending at  9 a. m. and 10 a. m. of the 
8th. The prevailing wind was from the northeast from 
3 p. m. to 8:30 p. m., September 8; east from S : 3 0  1) .  ni. . m., southeast from 10 p. ni. to 11 1). m., and 
after lo t 1 at time from the south. The wind velocity was 

above niean low tide, showing near1 2 feet of storm 
tide. A t  this time the center of the 3: urricane was 300 
miles distant in space and 3n hours in time, and its line 
of adrance mas toward Galveston. The water stood 
one foot higher at  Galveston at  th is  hour than at  Port 
Eads, which was only about 175 miles distant, from the 
cyclonic center, to the right of the line over which it was 
ndrancing. The crest of high water at Port Eads was 
3.S feet, and was reached at 9 p. m. of the 7th. 

less than 80 miles per hour up to 6 a. m. of the 8th, aft,er 
which the velocity increased steadily, reaching 30 miles 

er hour at noon of the 8th, and was 60 miles during tlic 
Rour ending 6 p. m. when the anemometer blew a~*ay .  
The velocity was increasinp rapidly at  that, liinir, 2 miles 
having been recorded at  tge rate of 100 milea per huur. 
It is estimated that a velocit of 180 miles per hour was 

east. 
There are no tide observations at Galveston prior ti) 

4 p. m. of the 7th, when the water alreadr stood 3 feet 

reached about the time of t ii e shift of the wind to  the 

The water continued to rise rapidly at  Galveston, and 
wa5 S feet at  3 p. m. of the Sth, notwithstanding there 
had heen up to this time a prevailing offshore north 
w-incl of 20 to 40 miles per hour; such winds ordinarily 
give ti  t.ide below low water. After 3 p. m. of the 8th, 
when the wind shifted to northeast and east the tide 
rose with phenomenal rapidity, reaching 15 feet a t  8 to 
9 p. m., n rise of 1.4 feet per hour. 

shore north winds prior to 3 p. m. having retarded the 
rise in the v:ater as the storm approached, by forcing it 

The rapid rise durin 
the last lire liours is attributed to the effects of the o B 
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it toward the storm center, and when 
and east this water was 

favoralde winds. The rise in the 
storm tide waa not noticeable on the coast 50 niiles to 
the left of the line of advance of the hurricane. 

The destruction of property by the winds and waves in 
this hurricane amounted to about $30,000,000 and 6,0110 
persons were drowned. 

J d y  5-10, lg01 .-A storm of small estent and moder- 
ate intensit moped through the Yucatan Channel into 

coast west of Galveston on the loth. This disturbance 
the Gulf o 9 Mexico on the 7th and reached the Trsas 

was nortlieast during the 13th; on the morning of the 
14th i t  mas southeast. The velocity increased steadily 
aft.er 6 a. m. of the 13th, and was 62 miles per hour at 
5 a. ni. on the 14th, when the record was lost. The wind 
and ressure records at New Orleans are shown on Plate 
11, a%ng with the wind, pressure, and tide records at 
Port Eads. (We have no automatic tide record for 
Mobile and Galveston for this storm.) The highest wind 
velncity, 40 niiles er hour at  New Orleans, occurred at 

Tide rccorcls at  Port Eads show the water rising before 
niidnight on tlie 12th a.lien the center of the storm was 

11  n. m. on tlie 15tm P 1. 

PLATE 11.- 

ave a rise in water at Galveston of 4.5 feet at  3:30 a. m. a o tide records of this disturbance are available. No 
damage of consequence resulted. 

August 9-15, 19OI.-This disturbance first a pearcd 

southern Florida and into the Gulf of Mesico on the 
mornin of the l l t h ,  continued its course westm-ard until 
the 90t 7l meridian was reached, when, during the 14th, 
it recurved and on the mornin of the 15th passed 

This disturbance was of small diameter, but of consider- 
able intensity. Its course was unusual. 

The barometer a t  Port Eads fell steadily, coninienciiig 
about noon on the 12th and was 29.50 a t  5 a. m. on the 
14th, when the last observation was taken. Tlie wind 
direction was northwest on the afternoon of the 12th and 

to the north of Cuba on August 9. It more x across 

northeastward between New Or B eans and Port Eads. 

-I. M. Cline. 

about SO0 miles distant. The water reached a height of 
1.2 feet abovc! niean low water a t  11 a. m. on the 14th, 
the record after that time being lost. Tlie Mississippi 
River at  New Orleans rose from 5.9 feet to 11.4 feet on 
the morning of the lrjth, the water forced up the liver ijy 
the hurricane winds amounting to 5.5 feet. 

At Mobile the water was clriven in and was awash of 
the wharves from 13 noon to 1 . m. of the 14th. At 10 

wharves, rising a t  the rate of nearly 1 foot per hour 
until 3 : 3 O  p. ni., when i t  was 5 feet over the wharves and 
8.3 feet above mean low tide. 

Ten persons were drowned and the da.mrtge caused by 
the storm was Sl,OOO,OOO. 

b'i'cptm bein 32-27, 1906.-This disturbance passed 
through the Yucatan Channel on the morning of the 24th, 

a. ni. of the 15th the water B egan to come over the 



MARCH, 1920. MONTHLY WEATHER REVIEW. 131 

traveled in nearly a straight line, and moved in  on ttlie 
Mississippi coast on the morning of the 37th. The tide 
records a t  Port Ettds, charted with the wind and pres- 
sure records of New Orleans (Port Eads meteorological 
records being missing) and the Galveston pressure, wincl, 
and tide records during the storm are shown on Plate 111. 
This was a hurricane of large estent and unusual in- 

The tide a t  Galveston during the passage of 
this isturbance through the Gulf showed only normal 

At Port Eads, 50 miles to the left of the line 
of char. vance of the center of the storm, the storni tick 
commenced rising during tho afternoon of the %th, when 

. 

either Mohile or Peiisacola during this hurricane. The 
United States engineers a t  Fort Barancas on the bay 
helow Pensacola, give the extreme storm tide a t  that 
place, 1O.S feet. A t  Mobile, the water was 9.9 feet above 
mean low tide. Thus we have the highest water a t  Port 
Eads, 50 miles to the left of the line of advance of the 
center of the hurricane 3.8 feet, and a t  Pensacola, 100 
miles to the right, 10.8 /e&. 

The clamage from the hurricane a t  Pensacola was 
tB,120,000, and in the vicinity of Mobile, $1,850,000. 
The total known deaths at Pensacola were 32, and in the 
vicinity of Mobile 31 persons lost their lives. 

PLATE 111.- 

t,he hurricane was 350 miles distant in space and SS 
hours in timo. The rise in water shown at  Port Eads 
on the afternoon of the 35th must have started frc-mi the 
southeast Gulf during the afttvnooti of the 24th alld 
haveled, during 20 hours, a dist.sncc of more tha11 500 
miles, a t  the rate of about 35 miles per hour. The cy- 
calonic. area advanced a t  the rate of about 10 miles per 
hour. The highest tide a t  Port Esds was 3.8 feet a t  
midnight of the 26th. There was %foot rise in the river 
a t  New Orleans on the morning of t.he 37th as a result of 
the hurricane. Mobile and Pensacola were situated in 
the eastern segment of the cyclonic? area, where they 
experienced the severest part of the hurricane. Both 
laces reported the severest Iiurricane in their history. 

bnfortunately, we have no automatic tide recorcls for 

4. Jl.  Cline. 

J d t 1  1s-91 , 190.9.-This disturbance moved from the 
Ctiribhean Sea through the Yucatan Channel on the 18th 
imd moved inltmcl on the Texas coast with its centfrr near 
Velasco. The cyclonic area was about 100 miles in 
diameter and no hurricane \finds attended it. High 
waves, swells, aiitl tides prevaded as far  to the riglit of 
the center as Galveston. We have no tide records for 
this storm. 
_. The damage to property aniounted to $100,000 and 4 
lives were lost. 

B e p f t i r r b ~ r  12-91, 1909.-This was a storm of great in- 
tensitv and of large estent. its effects being dlstinctlv 
felt frkn onst of Pekiacola, Fla., to the west orGalvesto6, 
Tex. 'I'hc, disturbance passed through the Yucatan 
Cllianncl during September 17 and moved inland on the 
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Louisiana coast, its center a little distance to the riglit 
of the mouth of the Atchafala a River, Septembcr '70. 

per hour. 
The meteorological and tide records at Mobile, ills. (tide 

records from Pascagoula, Miss.), Port Eacls, La., and Gal- 
veston, Tex., are shown on Plate IV. The stnrni titlc 
began rising at  Pascagoula, Miss., and Port Eads. La., 

This disturbance advanced at t % e rate of almut 8 miles 

DATE SEPT. 18 SEPT. 19 SEW. 20 

Pmm IV.-I. iif. Cline. 

about the same time on the afternoon of the lSth, when 
the center of the disturbance was nearly 400 miles distant 
in space and 40 hours in time. The rise which ram- 
menced at Port Eads and PascagouIa at  8 p. m. of the 
18th had started from the southeast Gulf about 18 hours 
previously and had traveled about 500 miles at  the rate 
of 28 miles per hour. By noon of the 19th therc liacl been 
a rise at Pascagoula of 1.1 feet, and at  Port Eads of 0.8 
foot and by midni ht  of the 19th the water had risen 
2.4 feet at Pascagou f a and 2 feet at Port Eads. No mate- 
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rial changes in tho tide other than thc regular chan e 

The storni tide from the forenoon of the lSth to the fore- 
noon of the 20th at  Pascagoula, Miss., was about 2.8 feet, 
and at Port Eads, La., 3.2 feet, and at  Galveston, Tex., 
1 foot. Tlic rise in the tide at  Galveston all occurred 
during thc night of the 19th-2Oth. 

Tile wharrcs at, Mobile were overflowed and the water 
wa.: within I i d f  a block of Royal Street, the hright of the 
11-atrr at that place being S.7 feet. 

The Iieiglit of the water above mean Gulf level over the 
Lquisiana (*onst region in the hurricane of Se tember 20, 

nf -\gricuIturc in connection with the reclaniation of marsh 
land (18,. These records show the greatest height of 
the watrer in different parts of t.he hurricane with reference 
to the line of advance of the center, and from a study of 

were S~IOII-n ab Galwston until the night of the 1% a . 

1 :HI!), ha.; ?wen deterniinecl by engineers of the fl epartment 

.---.-.-. 

G U L F  

a. M 
FIG. L-HeigIiL uf storm tide above mow Go11 1 0 . ~ 1  iii  riglit and left hand segments O r  

tlic hurricane. September 20 1909. This shows the area overflowed w*hen storm 
inoves inland at nearlyright tangles tothe coast Ilne.-.4. M. Shaw (18) and 1. M. 
c'li ti f. 

these we niav learn where to espect dan erous storm tides 
with the approach of a hurricane. #he height of the 
wat.er at sereral places in southeastern Louisiana during 
the hurricane of beptember 20, 1909, is shown in figure 1. 
Seven parishes were flooded, the height of the water 
being 6 to 10 feet over the greater ortion of the area. 

hand segment of the cyclonic area resulted from the accu- 
mulation of water forced forward by the winds and checked 
in speed by the marsh lands, swamp forests, and levees. 
This is distinctly shown by the increased depth of 2 to 4 
feet of water 30 to 50 niiles inland from Burrwood and 
Port Eacls. The depths of 7 to 10 feet occurred at  points 
where the greatest resistance to the advancement of the 
water, forccd forward by the winds, was encountered. 
To the left of the line of advance of the center of the hur- 
ricane, the water did not et high enough at  any point to 
atkract attention and at B f  organ City, La., near the center 

The actual height of the water over t R e land in the right- 
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and in theleft-hand segment of the cyc.lonic area, the water 
was 0.1 of a foot below mean Gulf level, while 75 miles 
to the ri ht  of the center the water was 5 to 7 feet above. 

The B anlage to property by this storm amounted to 
$6,400,000, and 353 lives were lost. 

October 15-18, 1910.-This disturbance inovecl into the 
Florida Straits on the l i th ,  moved toward the northwest 
during the 15th, southward during the lcjth, and then 
eastward to the Florida Straits by the morning of the 17th, 
after which it moved northward over Floricla during the 
18th. Raro raph records of the French S. S. %zci..s. 
from the 13t a to the 17th confirm this movement.* We 

advanced with a speed of about 13 miles er hour. 

Fort Morgan), Rurrwood, La., and Galveston, Tex., are 
shown on Plate V. The storm tide began rising slowly 
at  Galveston, l3urrWood, and Fort Morgan durin the 

had moved into the c! ulf of Mexico. These rises in the 
water over a coast line more than 500 niiles long all on 
the right of the line of advance of the hurricane resulted 
from waves start,ed out from the region covered by the 
hurricane in the southeast Gulf during the 14th. The 
distance of the center of the st.orni at that time from Fort 

The wind, pressure and tides at  Mobi P e, Bla. (tide at 

forenoon of the lsth, 'ust 24 hours after the distur f ance 

DATE AUG. 14 AUG. 15 AUG. 16 AUG. 17 

PLATE V.-For path and movement of hurrlcane, August 14-17, 1915, See 2.-1. itf. ClinC. 

have no tide records for this disturbance. The official in 
charge, Weather Bureau Office, Tampa Fla., reports the 
tide 6.6 feet below mean low water on the morning of the 
18th, the lowest water of record, the cycloiiic area at  that 
time was moving northward with its center to the right of 
Tampa. After the passage of the center of the storni and 
its recurve northward, tlie water rose 10.1 feet!, to 3.5 feet 
above mean low tide. 

Azlgust 13-17, 1915.-Tl& llurricane moved across tile 
western elid of Cuba illto tile Gulf of ~ ~ f i ~ ~  during the 
forenoon of the 14th, traveled in a direct h e  a d  assed 
inland on the T~~~ coast a distance to the eft of 

Morgan and Rurrwood was 450 miles and from Galveston, 
700 miles. This would indicate that waves and swells 
were carried forward in the front of the right-hand seg- 
ment in the line of advance of the hurricane at a velocity 
of 40 to 50 miles per hour and those going towarh shore 
farther to the right of the line of advance traveled with 
a little less bhan half that speed. The highest water 
at Fort Morgan, 2.8 feet, was recorded at  6 a. m. on the 
16th and showed a rise of 1.S feet in 24 hours. At Burr- 
wood 2.6 feet was recorded at  1 a. m. of the 16th, a rise 
of 1 foot in 24 hours- The tide did not rise after that 
to any estent, a t  either of these places, but hi h water 

At Galveston the tide continued to rise and waa 4.1 
feet a t  6 530 a. m. on the 16th, a storm tide of about 

Galveston on tlie morning of the 17th. The disturbance !I at Fort Mor and Burrwood until t% estorm 
._ ... .~ moved inland; the r e p  P ar tides were not obscured. 

*It is hoped at 8 later date to publish 3 full discussion of all reports of this 
remarkable 8tOrm.-EDIl'OR. 
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3.1 feet in 34 hours. The center of the clist.url~:iiice :it 
this t,ime was nearly 3 W  niiles froni Galveston and 21 
hours distant! in time. The rise in the water in front nf 
the storm at this hour at  Galveston was nearly twice tht? 
rise of 1.8 feet at Fort Morgan, :WO niilcs t.o the riglit. of 
the line of advance of t.he hurricnne, and wm thrw tiniw 
greater t.han t,he rise nt, Burrwood. The wiiter c:m- 
tinued to rise nt, Galveston unt,il about. ;< a.  111. of the 
17tsh, wlien it wn.s 12 feet. The tide chitnpl re ry  lit,tle 
at Fort Morgan a.nd ~urrwoocl after 3 a. ni. of the lf i t l i  
and coniinencinp at  3 n. ni. of the 17Lh, fell t.o about. 
normal on the aft,ernoon of that c1atre. 

The hei hts of t,he water above mean Gulf level 111011g 

shows theiheiglit of t,he water in  feet and t,enths along 
the coast % wing this storm are shown in figure 3. ‘I’his 

tion from its proper 1ocnt.ion. This buoy was a.bout, 20 
miles from t,he center of t,he storm. 

A lmyv of tlic smie cla.ss, with t,he same moorin s in 
-13 feet. of wcit.rr. 1oc:it.ecl on Heald Bank, 2s miles o B the 
cwt,rnncr t.1-i ( ;:drest.on Ray, wns not. moved froni it,s 
~ p r  position, nlthnugh its li4it.s were est,inguishecl. 
’ ”he l~ltwld Ihink huoy was a. 1it .h t,o t.he left, of the line 
of nilriiiice of the cent.er of t,he hurricane. From the 
:i.cticm of the  water on t,liese buoys we can get, some 
infoimi:i tion coriceriiinp the etfects of current,s and waves 
n t,t.eiirliiig 1lurric:ines. 

‘1’11~. propert.y dnniage in diis st,orni was about $21,000,- 
I I I I ~ I ,  ti.iitl 2iZ lives werc lost,. 

$ 1  l$t-mlu r :)- j ,  1.91,5.-A clist,urbance of considerable 
intensity crvssed western Cuba, moved irit.0 the east Gulf 

G 
t 

3 

FIG. 2.-Height of storm tldea along the Gull coast, above mean Gulf level in the Irurriranc. .\ i l ~ i ~ s l  1tj-17. 191:. This slims the storm tides at varioiis distances lrom Ihc ccntrr 
of s hurricane which moves through the Yucatan Channel and tlirticc 3 ~ r ~  the (iulf to the Tcsnscoast.4. df. Cl in t .  

the Gulf coast st different distances from the line over 
which the center of the hurricane advanced. 

During the passage of this hurricane, the action of 
waves and currents i n  moving objects in the open Gulf 
was brought out by the iiiovenieiit of !$!it nnd whistling 
buoys that were within its range. limity S1io:ils gris 
and whistling buoy, weighing 2 1,000 Il(JUlldS, :i.iich~~red 

42 feet of water, with 6,.50IJ pound siiiker aiitl ’753 feda 
of anchor chain weighing 3,520 po~iids, was carried 
S to 10 miles westward of it.s proper locntioii in 1iit.it~iicIe 
29” 07’ N. and loiigitudo 92” 15‘ W. The slmpe ant1 
exposure of the buoy are shown in figurc 3. ‘I’he locn- 
tioii of t,his buoy was 100 miles t,o the right, of t,he h ie  
of advance of the center of t,ho st,orni. 

Galveston Bar gas and whistling buoy, sniiie :is s h v i i ,  
anchored at  the end of Galvest,on Jet,ties Gi : :G feet csf 
water was carried -1.3 to 5 miles in a scjut,liwt.st,crly clirec- 

mitl rtwirviiip slciw!y, inovrd inlniiil near t,he 1iiout.h of 
tlic .\liiil;rc.liicoln Elver during t.he enrly morning hours 
of tlie .Itli. Prcsssiirta, wind and t,icle grn lis for Mobile 

in Platr V::. I;1ieso st,at.ions werc locabecl, Fort: Morgan, 
1011 niiles, and 13urrw~iod~ 200 niiles to the left of t,he 
liiic i i f  ;idvnnce o f  the cent,er of t.ho storm. The tides 
at. theac stat.ioiis were not. influcnred in :my nianiier by 
t.he tlist.urhmicr nnd thew was no high tide at  Pensacola. 
,11( ing t.hc Floricla const., t.i> t.he riglit, of t.hc line of advance 
high wnt.er prevailed generally. At, St,. Petersburg, Fla., 
m t c r  wns 4.0 feet. a b o w  any Iwwious high water. 

S’rih.) j thr  :?.?-3, 1915.-This was one of the most in- 
toiisc 1iurric;mr~s in the history of the Gulf coast. The 
ryc,ltrnic nren nioveil tlirough t.he Tiioatnn Channel dur- 
ing the night of tho 27th, nnd tritveliiig northwestward 
mctved iiilaiicl on the Louisiana coast-to the left of and 

(tifle, Fort. XI~Ii*gnn), dln., and 13iirrwooc1, e a., are shown 
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near Grand Isle, La., during the 29th. "his clisturbancc 
recurved slowly after crossing lntitude 37' N. and moved 
slowly northward. 

The ressure, wind and tides a t  Mobile (ticle records 
Fort Zorgaiil Ala., Burrwood. La., mcl Galveston, 
Tes., are shown in Plate VII. The tide was : h u t  0.4 
of a foot above the predicted tide itt 8 p. m. on the 26th. 
At 8 a. m. on the 27th the water liar1 commenrecl rising 
at Fort Morgan and was 1 foot above the predicted tide 
on the Gulf coast from Burnvnod to Galreston: a t  S 
p. m. the excess was 1.1 feet. At S a. m. of the 2Sthl 

I - 

The storm waters were carried over sou theastern 
Louisinna and the de th was more than 12 feet on the 
shore of 1,ake Pontcfartrain and 10 to 11 feet on the 
Louisiana niid Mississippi coasts. High water pre- 
vailed to the right of the center of the hurricane to the 
eastward of Pensacoln, where the water was 4 feet high, 
and a t  Mobile the storm water was banked u 7.2 feet. 

Gulf coast in the different arts of the hurricane are 

Giilf, as newly ns we can ex rct to get records, was 4.6 

lighthouse iihbut 10 miles out in the Gulf from Raccoon 

The distribution of the storm waters along t \ e middle 

shown in figure 5. The heig 1 t, of the water in the open 

feet, 45 miles to the left of t f ie center of the storm a t  a 

PLATE V I . 4 .  M. Cline. 

h;. 3.-lMsi,gn of gas,and whistlin buoy anehorrd at Trinity Shoals. Louisiana roast: 
Galveston Bar. otl Jetties and d a l d  Bank. Tex: Trinity Shoals and Heald Bank 
buoys are anchored in 43 feet and I :alvrston Bar in 36 feet of wawr. 

there was 1.5 feet of water in escess of the predicted 
tide a t  Burrwood and Galveston and 0.X foot a t  Fort 
Morgan. -4t S p. m. of the 2Sth, when the storm WRY 
about 350 miles distant, there was a storm tide of 1.7 
feet a t  BL~ITWOO~ and 1.5 feet! a t  Fort Morgan. When 
the storm began recurving/to the ri ht, the water ceased 

after S a. ni. of the W h B A t  3 a. ni. of the 29th, thc 
tide had continuecl rising on the middle Gulf coast and 
showed 2.7 feet a t  Buriwood and 2 feet a t  Fort Morgan. 
At  S a. ni. of the 39th, the storm tide had risen to 3.7 
feet at  Burrwood and 2.5 feet a t  Fort Morgan. The rise 

rising a t  Galveston, and no storm t i c  f e was recorded there 

of the storm tide is shown in figure 4. . -  _ _  

Point: S.4 feet at  Timhalier Light, a few miles to the 
right of the center, which is 10 miles from land; and 5.8 
fect a t  Burrwood, about MI miles to the ri ht of the cen- 

of atlvxncc. of the center of the hurricane, and a t  Mor an 

l~elow nienii Gulf level. At Pensacola, 175 miles to the 
riglit of the center, the tide was 4 feet; a t  Mobile, 150 
inilrs, it w a s  7.3 feet: a t  Gulfport, Miss., SO miles, it was 
!).6 feet: t i t  Bay St. Idoilis, 65 miles, it was 11.S feet. 

The center of the storm passed between Lake Ponb 
chartrain aiicl Lake Maurepns. I n  Lake Pontchartrain, 
to the right of, but nearly in the center of the hurricane, 
the water was 13 feet a t  Prenier, due to the wind forcing 
thr u-titer UI, against H dense growth of timber in that 

ter. No water was carried inland to the P eft of the line 

City, 15 miles from the Gulf, t.he tide was 0.4 of a B oot 
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locality. A few miles further along the line of atlvnnce 
of the center of the storm, near the connection between 
Lake Pontchartrain and Lake Maurepas, where there was 
o en space, the height of the wtiter was 6 feet. Bt 
genier  we find that the force of the wind, with about 
25 miles open waterway, banked the water 13 feet against 
an obstruction of only a few niiles esteiit, 7 feet higher 
than on either side. 

The damage resulting from this hurricane is estimated 
a t  $13,000,000, and 275 ersons were drowned. 

in the Caribbean Sea on the afternoon of the Ist ,  niovecl 
almost in tt straight line through the Yucatan Channel 
on the 3d and reached the Mississippi coast late in the 

July 14',1916.-This P isturbauce made its appearance 

35 miles to the left, and Fort Morgan abut '75 miles to the 
right of the line of advance of the center. The distance 
trtt\.eled h j -  the center of the disturbance after passing 
Buriwood before coming in a line with Fort Morgan was 
50 miles. 

The difference in time between the passage of the crest 
of high n-nt,sr "4 Burmood and Fort Morgan, 3 hours, 
would indicate speed of about 15 miles per hour, which 
is the same as t,he progressive speed of the cyclonic area. 
The location of these stations is such that no  great bank- 
ing up of water hy physical obstruction was likely to have 
talren place. Therefore, these records serve as a good 
illustration of the heights reached by storm tides ou the 
different sides of the hurricanes where the open space of 

DATE SEPT. 26 SEPT. 27 SEPT. 28 SEPT. 29 

PLATE VI1.-For path and mowinent of hnrricane, Srptember 27-29.1915, see figure 4 . 4 .  d f .  Cline. 

afternoon of the 5th. The storm covered a considerable 
area and was of geat intensity. 

The wind, pressure, and tides a t  Mobile (tide records, 
Fort Morgan), Ala., Burrwood, La., and Galveston, Tex., 
are shown in Plate VIII. The tide a t  Mobile and Burr- 
wood was rising a t  noon of the 4th when the disturbance 
was centered 400 miles distant in s ace and 26 hours in 

Channel a distance of 500 niiles in 1 R  liours in the front 
and to the right of the line of advance of the center of 
the cyclonic area. A t  midnight of the 4th the water had 
risen 1 foot a t  Burmood and 1.4 feet a t  Fort Morgan. 
At 8 a. ni. on the 5th the storm tide was 2.S feet at! Port 
Eads and Burrwood and 3 feet a t  Fort Morgan. The 
highest water at Fort Morgan was 5.3 feet and occurred 

. m. of the 5th; at  Burrwood the highest water was 

time. This rise of water had trave 3 ed from the Yucatan 

3.8 at 'P eet a t  10 a. m. of the 5th. Burrwood was about 

water represents as nearly the condition in t,he open Gulf 
as we can espect to find. Fort Morgan was three times 
farther than Port Eads from the center. As the shore 
was approached the water banked up much higher, this 
being due to hysical obstructions. The height of the 

actual height reached by the water a t  Fort Mo an. 
High water did not occur as far west as Bilosi and 7 ass 
Christian. The damage a t  Mobile and on the Alabama 
coast aniounted to $2,500,000, and 12 persons were 
drowned. The height of the water a t  Pensacola, Fla., 
was 5 feet. 

The damage a t  Pensacola amounted to $1,000,000. 
The storni did not influence the tide in any manner a t  
Galveston. Tes. 

A?rguat 12-19, 1916.-This disturbance passed throu h 
the Yucatan Channel into the Gulf of Mexico during t % e 

water at  Ifobi P e was 11.6 feet, which is 6.3 feet above the 



MARCH, 1920. MONTHLY WEATHER REVIEW. 137 

night of the 16bh, advanced northwesterly in nearly a 
straight line, and moved inland on the Tesas coast niid- 
way bewteen Corpus Christi and Brownsville during the 
afternobn of the 1Sth. 

We have no tide records in the vicinity of the center of 
this hurricane, .but wind, pressure, and tide records at  
Bum-ood, La., 400 miles to the right, and Galveston. 
Tes., 250 miles to the right of the line of advance of t,he 
center of the hurricane, are shown in Plate IS. No 
appreciable influence was shown on t,he tide a t  Bum-ood. 
A t  Galveston, 250 miles to the right of the line of advance 
of t.he center, the water commenced rising ahout 6 1). ni. 
of the 17t.h, when the center of thei disturha.nce wt1.s 
nearly 400 miles distant. The wateathat caused this 
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FIG. 5.-Height 01 storm tide alwve mean Gull b v c l .  in lvll. and right hand segments of 
the hurricane, SI! tember 29. 1915. This shows the distribution of bip water on the 
middle and east 8ulf coast witl? 8 slowly recurving hurricane.-C. 11 . Ok€g (18) and 
1. M. Cline. 

rise must have started on its journey toward the Tesas 
coast when the storm was passing through the Yucatan 
channel and had traveled a distance of nearly 800 miles, 
showing a speed of about 40 miles per hour. The cy- 
clonic area advanced at the rate of about 18 miles per 
hour. The water at Galveston rose steadily from 6 m. 
on the 17th until 6 p. m. of the 18th, when the heiggt of 
the water was 4 feet, about 3 feet being storm tide. 
Galveston, a t  the time of the occurrence of the highest 
water, was 200 miles from the center, and a line drawn 
through Galveston and the center of the storni a t  that 
time crossed the line of advance a t  right angles. The 
advance of the hurricane was more shown 
in the rise of the water a t  Gdveston 
or wind changes. 

The damage caused by this hurricane was estimated at  
$1,800,000, and 15 persons were killed or drowned. 

SeptPm.ber 21-2$, 191 7.-This disturbance moved 
through the Yucatan Channel into the Gulf of Mexico 
during the night of the 25th and advanced in a direction 
a little west of north toward the mouth of the Mississippi 
River. When within about 50 milea of Port Eads the 
storm began recurving to the right., and the center, passin 
about 50 miles to the right of Port Eads, La., move 
inland to the right of Pensacola, Fla. 

d 
JULY 4 ?UIY 5 JULY 6 

PLME MI.-I. Y. Cline. 

The pressure, wind, and tides for Pensacola, Fla. (the 
tides are drawn from the observations made by the 
observer of the Weather Bureau except the h' heat stage, 
which was obtained from the United States B ngineers), 
Burrwood, La. (tide Port Eads), and Galveston, Tex., 
are shown in Plate S. 

The changes in the height of the water with the advance 
of the hurricane are shown in figure 6. The changee in 
the tide in a recurving hurricane are shown in this case. 
The tide commenced rising at both Pensacola and Port 
Eads during the night of the 26th and was 0.6 to 0.7 of a 
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foot above the predict.ed tide at  8 a. ni. of the 37th, wlicii 
the disturbance was centered about 300 niiles from Port 
Eads and 300 miles from Pensacola. At 8 1’. ni. of the 
37th there was 1.0 foot of storm tide at  both Pensacola 
and Port Eads. On the morning of the 28th the line of 
advance of the center, if continued, woulcl have carried 
the center of the storm over Port Eacls, which place had 
a storm tide of 2.7 feet, and Pensacola only 1.1 feet. 
At 10 a. m. reports from Pilottown showed the storm had 
shifted its course to t.he right.. The t,ide began rising 
rapidly at Pensacola and by 2 p. ni. t,he storni tide at that 
place was 3.8 feet. The stimn t,ide about S 1’. m. on the 
2Sth a t  Fort Barancas, Fla.., was 5.8 feet, the height of 

(Datesin cut shou!d be Aug. 1;-19. 1911i.) 

PLATE IS.-I. X. Cline. 

tlie water being 7.8 feet. The water in the river a t  Mobile 
fell 5 feet below low water on tlie afternoon of the 2Sth. 

This 
place was near tlie center of the storm, hut being t,o the 
left of the line of advance, suffered very little damage? 
notwithstanding the intensity of tlie hurricane. 

A. ,ust 1-6. 191S.-Tliis disturbance moved through 
the Yucatan Channel into the Gulf of Mesico during the 
night of the 4th, traveled in a northwesterly direct,ion and 
passed inland over Lake Charles, La., during the Gth. 
The hurricane was small but of marked intensity. We 
have no tide records for this storm, but s t  Morgan City, 
150 miles to the right of the line of advance of the center 
of the storm the tide rose 3 feet, and 28 miles west of tlie 
center, at ,Johnsons Bayou, there was n tide of 2.S feet. 

The damage at Pensacola amounted to $170,000. 

The damage from the hurricane amount,ed to $5,000,000 
snd 34 deaths resulted. 

rirJntrr 6-14.1919.-This disturbance passed through 
the % lorida Straits during the night of tlie gth, moved very 
slowly during tlie loth, l l th ,  and 12th, with its line of 
advance pointing toward the Louisiana coast west of the 
Atchafalaya River. On the 13 th the disturbance changed 
it,s course to the westward, moved rapidly in almost a 
straight, course, and passed inland with its center a short 
distance to the left of Corpus Christi, Tes., during the 
af ternoon of the 14 th. 

The pressure, wind, and tides at  Burrwood, La., and 
Galveston. Tes., are shown on Plate 3 1 .  The tide record 
a t  Galveston was incomplete after 12 noon of the 13th. 
The highest. point reached by the water has been obtained 
from the United States Engineers and other records from 
tid2 hcights telegraphed by the observer at Galvaton 
with ohservations, and these data have been supplemented 
by o t h r  reports. We have, thus been able to complete 
t,hr tidegraph with a fair degree of accuracy. The lone 
strt>t,rh of open water, more than 1,000 miles, traverse8 
hy t,liis hurricane after entering the Gulf of Mesico, fur- 
nishes ti splendid opportunity to studv the changes in tlie 
stages of  the water along the coast h0t.h in €ront and along 
t.hc lint! of advance of the center of the hurricane. 

The storm tides and their changes with the advance of 
tlie hurricane from the morning of tlie 11 th until the after- 
i i i w i i  of the l i th ,  when tlie hurricane moved inland, are 
sl~owii in figure i .  There was a rise of 0.3 foot above the 
prerlictd tide at Burrwood, La., a t  S a. ni. of tlie l l th ,  
wlien the center of the storm was 400 miles distant. A t  
S p. m. of the 11th the rise of 0.3 foot had reached Gal- 
vcst,oii, t.rareling from the longitude of Burrwood, about 
500 miles, in 13 hours, nearly 40 niiles per hour, and the 
storm tide at, Burrwood a t  this time was 1.1 feet. Gal- 
vestoii was at this time 600 miles distant from tlie center 
of the llurricane and Burrwood about 3.50 miles distant. 
By S a. ni. of the 12th the storm tide was 1.7 feet a t  Burr- 
wood niid 0.7 of a foot a t  Galvest,on: and at  S p. m. the 
height o f  tbe water in escess of the predicted tide was 1.3 
feet at. Burrwood and 1.6 feet, at  Galveston. 

On tlie iiioniiiig of the 13th the hurricane title was 8.6 
feet tit. Crulvest.on, 300 niiles in front of t.lie center, a i d  
2.4 feet nt.  Burrwood, about 200 miles to the ri ht of the 

of t.he water took place a t  Burrwood during the 13th, 
but at  G:tlveston the storm tide at  8 p. in. was 3.6 feet, 
a gain of 1 foot in 13 hours; a t  this hour the water 
hat1 conimenced risin slowly at  Aransas Pass, Tex. At 

t.oi1, inid 1 feet at  Aransas Pass. At, 8 a. m. of the 14th 
the heieht of the water had not! changed at Galveston, 
but haBrisen 2 feet a t  Aransas Pass, during the precedin 
five hours and stood 6 feet. When the storni move 
inland, ahout 3 p. ni. on the 1ithJ there was a storm tide 
of 11.1 feet a t  rbmisas Pass. The water, driven before 
the wind with the passa e of the hurricane inland, 

This st,onii furnishes a good esample for the study of 
the changes in t.he depth of the water alon the coast in 
hurricanes which are moving coastwise. h e s e  heights 
arc represented in figure S. The rise of the s t o m  tide 
in bays uncl ostuaries to the ri ht  of the line of advance of 

Morgan City the highest watmerJ 7 feet, occurred at 4 
a. in.  on tho lath, six hours after it had occurred on the 
near-by coast.. At La Porte, Tes., near the upper end of 
Galvnstcm Bay, the highest water, S.5 feet, was a t  1 p. ni. 

line of advance of the center. No increase in t a e height 

3 n.. in. on t.he 14th t a estorni tide was 7.6 feet st Galves- 

f 

ba.iikcd up in places to dept I s of 12 to 16 feet. 

tlie hurricane lags behind t f e rise on the coast. At 
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PWTE 9.-For path and movement of hurricane. Scptrmber 26-S. 1917. see figme &--I. -11. Plinr.  

PLATE XI.-For 

139 

.)--I. iV. Clint. 
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on the 14th, about 12 hours after it had reached Galves- 
ton. At Carancahua, Tex., a tide of 10 feet occurred R t  
5 p. m., about 2 hours later than at Aransas Pass and a t  
Ingleside, 12 feet at 10 p. in. on the 14th, nearly 9 hours 
after Aransas Pass. 

assage of this storni Trinity Shoals gas 

17, 1915), anchored in 45 feet of water, was carried 23 
miles to the westward. 

Galveston Bar gas and whistling buoy was carried 14 
miles to the southwest. 

Aransas Pass gas and whistling buoy anchored in 42 
feet of water, latitude 27' 50' N., longitude 95' 02' W., 
was carried 5 miles nearly parallel to the coast and a little 
in toward the coast. This buoy weighs 8,000 pounds, 

During the 
and whistling 73 uoy (described under hurricane of Aug. 

CONCRETE KNOWLEDGE OF WINDS I N  HURRICANES. 

Storm tides, in conjunction with hurricane winds, are 
such destructive agencies that it is of rimary importance 
that we have clefinite information re P ative to the distri- 
bution of the Mrinds in these disturbances. niese winds 
are the physical agents that furnish the energy that 
develops and carries the storni waves and tides to shores 

'far in advance of the arrival of the hurricanes and on the 
approach of the cyclonic area causes the inundation of 
our coasts and the destruction of property and lives 
over considerable areas. Concrete information regard- 
ino the winds in hurricanes that roduce the swells and 

must be investigated in this connection. Dehi te  
tizes is limited and, therefore, t r lese are subjects that 
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FIG. %--Height of storm tides along the Gulf coast above mean Gulf level and the t h e  of their occurrence as related to the movement of the hurricane center through the Golf 
01 Mexlco September 11-14 1919. This shows the storm tides 111 their relatisn to the 8th of a hurricane whlch moves in through the Florlda Straltsandthenceaerossthv 
Gulf to th;! Texascoast. The hlghest tide at stations 50 to 50 miles inland on bays anzestnaries. occurred 8 to 12 hours later than at points on the coast I ine.4.  M. C l h r .  
Nom.-The path of storm center shown hem is subject to slight revisioi after all available reports have beeu careIuIIy studied; e. g., the cosltlou on the 13th A. Y. may 
h v e  been farther west.-F. f3. !l! 

the anchor 5,000 pounds, and 252 feet of chain weighing 
3,538 ounds. 

At labine Bank Lighthouse, 15 iiiiles off Sabine Pass, 
cast-iron plates Q inch thick, 27 feet above the surface of 
the water were crushed in and bent up by the waves. 
This place was about 125 miles to the right of the line of 
advance of the center. This is cited as showing the power 
of the wave in that part of the hurricane. 

The area along the Gulf coast, which as been flooded 
by storm tides, is shown by the heights o P the water given 
011 figures 1, 2, 5, and 8. 

The damage caused by this hurricane amounted to 
$20,272,000 and 284 lives were lost. 

Durin the 20 ears 1900 to 1919 hurricanes on the 

roperty amounting to $105,642,000, and 7,255 lives 
coast o B the G u J o f  Mescio have caused damage to 

[ave been lost. 

howled e of the action of these agents mi ht  be 01)- 
tained $the wind directions atid velocities in 5 urricanes 
could be charted simultaneously a t  a iiuniber of places 
in the different uadrants of the cyclonic area. However, 

therefore, it is not practicable to get! simultaneous ob- 
servations a t  a sufficient nuiiiber of stations to give us 
definite knowledge of the actual winds in the different 

area, and we must look for sonit! 
obtain this inforniation. 
coiiclusions and charts 

giving the direction and velocity of wind in hurricanes 
(3) (51, but these do not meet the requirenients in the 
study of this subject, for here we hare need for howedge 
of conditions as they actually exist. 

During the last %I years two hurricanes have moved in 
at  points oil t,he middle Gulf roast, where sufficieiit 

the courses of R urricanes are mainly over water, and, 
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records have been kept to enable a very complete study 
of the act.ual wind directions and velocities in different 
parts of the cyclonic areas over water. These hurri- 
canes while moving into extra-tropical regions, retaineci 
in a marked degree their tropical charac teristics. 

BIHOURLY STUDIES OF WINDS IN HI'RRICdNES. 

The hurricanes of September 29, 1915, and July 5, 
1916, moved hiland with the center of t,he first near 
Grand Isle, La., and the center of the latter east of 
Gulfport, Miss., and we secured very complete auto- 
mat.ic records a t  New Orleans (I), and Burrwood @), 
La., Mobile (3), Ala., and Paisacola (4), Fla. The 
sou theastern ortion of Louisiana, and the Mississippi , 
Alabama, an Lr Florida, coasts are low lying, near sea 
level, and sparsely timbered. The physical features of 
the area over which these hurricanes moved, much of it 
being water surface, ive as nearly ideal conditions for 

cyclonic area during its passage as we can espect to 
find. These were typical hurricanes and both of 
intensity. The progressive velocities of the ~ y c  onic 
areas were determined for 100 miles after assiiig the 

29, 1915, advanced at the rate of about 12 miles per 
hour, and at this rate of progress the center was in the 
Gulf about 150 miles off the mouth of the Mississippi 
River a t  michii-ht of September 28. The hurricane or 
July 5, 1916, aavanced with a velocit of 15 miles per 

off t i e  Mississippi coast at midnight, July 4. 
Based on a progressive movement of 12 miles per hour 

for the Se tember 29, 1915, hurricane, and 15 miles per 

every two houis during the passage of t e hurricanes, 
usin the automatic records a t  New Orleans ( l ) ,  Burr- 
woo% (2), Mobile (3), and Pensacola (4), and observed 
pressure and wind directions from Morgan City and Ln- 
fourche, La., and Pass Christian and Gulfport, Miss. 
The sustained direction and velocity of the wind bein of 

direction for the preceding hour and the average velocity 
for the two hours preceding the time of each map have 
been used on these ma s, instead of the direction and 
velocity at the hour. !his gives us on the composite 
charts the sustained velocity of wind, not only for the 
two receding hours, but during t-lie entire passage of 
the E urricnne. When the center of the hurricane of 
September 29, 1915, was 150, and that of July 5, 1916, 
was 275 miles distant from land, commencing at 2 a. m., 
a t  a time when the effects of the front of the storms were 
first being felt a t  Burrwood, La., and Pensacolrt, Fla., 
and at  the end of each two hours following, the position 
of the center of the storm was carefully located geo- 
a. araphically and charted from the automatic records men- 
tioned above. A line was drawn on each map, through 
the center of the cyclonic area, the arrow pointing in 
the direction in which the storni was aclvancmg a t  that 
time, dividing it into right and left segments; another 
line was drawn through the center a t  right angles to the 
first, dividing the storm into front and rear segments 
and also into quadrants. 

the study of the win d s in the different quadrants of the 

$eat 
latitude of Burrwood, La. The hurricane o P September 

hour and it was centered in the Gul 1 about 275 miles 

hour for t !il e July 5, 1916, hurricane, ma s were made 

primary importance in producing waves, the prerai f :ng 

% 

COMPOSITE CHARTS SHOWING WIND DIRECTIONS AND 
VELOCITY. 

From the maps we have prepared composite charts 
showing the actual winds, both direction and velocit , 
in different parts of the hurricane, viz., Charts I and x . 

Chart I shows the distribution of wind direction and 
velocity in the hurricane of September 29, 1915, and 
Chart I1 shows the wind directlon and velocity ~II the 
hurricane of July 5, 1916. In  these charts the low 
arrow points in the direction of the line of advance 07 
the hurricane and the intersection of t.he cross lines 
represents the center of the cyclonic area. The figures 
I ,  2 ,  3, and 4, a t  the points of the short arrows show the 
positions of the stations they represent, on the charts, 
with reference to the cyclonic center at  the times when 
the wind directions and velocities were recorded. The 
arrow flies with the wind and shows the prevailing 
direction for the preceding hour. The figures at the 
butts of the arrows are t,he average wind. velocities for 
the receding two hours. 

T i e  composite wind charts for tember 29, 1915, and 
July 5, 1916, w*ere repared in":le followiilg manner: 

over the center of the cyclonic area as shown on the map 
at  2 a. ni. September 29, 1915, the long arrow on thw 
chart pointing in the direction toward which the cyclonic 

The int,ersection of t P ie cross lines on Chart I was placed 

'I 

I 
CHARTS I and II.-Compsitr wind charts. Prevailing wind dimtion for hour pre- 

ceding and avera e wind veloritv fur two hours preceding time of observatlon la 
different partsof &e hurricane. chart I. September 29,1915; Chart 11, July 5,1916.- 
I. -If. Cline. 

area was advancing a t  that time. The prevailing wind 
direction for the preceding hour and the aver e wind 

map a t  '1! a. in. tit New Or s ems ( I ) ,  Burmood ( 2 ) ,  Mobile 
(31, and Yensacola (4) were entered on Chart I, as shown 
by the first set or arrows and figures a t  the front of this 
chart. The )ositions of the numbers 1,  8, 3, and 4 a t  

intersection of the cross lines on this chart that the posi- 
tion of the stations they represent, occupied with refer- 
ence to the center of the cyclonic area on the 2 a. m. 
map. Chart, I was then placed over the 4 a. m. map in 
the same manner and the second set of figures from the 
front were entered on this chart, representin the wind 

the cyclonic area on the 4 a. m. map. This was repeated 
for each map, the wind directions aiicl velocities a t  the 
four stations being ent,erecl at  t'heir correct. locations in 
respect to the center of the cyclonic area, on Chart I, at  
the end of each two hours tis the cyclonic area advanced. 
The last set of entries in the rear of Chart I is for 6 a. m. 
Se tember 30, 1915. 

h i e  same procedure was followed in preparing Chart 11, 
c.oniposit,e wind chart. for Jiily 5, 1916, the first set of 

velocity for the precedin two hours as recorde T on the 

the points o / the arrows bear the same relation to the 

directions and velocities as they appeared in t a at part of 
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arrows and figures on this chart being 2 a. m. July 5, 1916, 
and the last set being for 13 midnight,. July 5. 1916. 
Fifteen maps were made for t,he September 29, 1915, 
hurric.ane, coverina 30 hours, and t,here are 15 ent>ries of 
wind direct.ion nncr velocity from the front, to the rear of 
(!hart I, for each station escept BWIWOO~, t,he record for 
that stabion being missing for the last three enbries. The 
hurricane of ,Tuly 5, 1916, moved rapidh- niid diniinishecl 
in intensity very soon after reaching land : t.herefore, only 
12 maps, corerin 24 hours, were used in preparing the 
composite wind c 7 iart for that himicane, nncl t.here are 
15 entries of wind direction and velocity, from t.he front 
to the rear of Chart 11, for each st.ation. There was 
very 1it.tle chan e in the int,ensity of these hurricanes 

the c.omposit,e charts. 
velocity on C'liarts I arid I1 has heen made so that t,he 
figure st, tlie point, of each arrow is tlie same distance, in 
t,he same direction, from t.he intersection of the cross 
lines on these chsrt.:: t,liat. t,he stst.ion which it re resents, 
New Orleans (1 ), Burwood ( 5 ) ,  Mobile (3), and $ ensncola 
(4 ), \\-as froni t.he cmter of t,he cyclonic area 011 tlie map 

P 8 during tlie perioc p" s covered by the ma s used in prepxrin 
Each entry o wind clirection an 

CHART rII.-Hurricane, September ,&I, 1915. Pressure map at 2 p. m. midway of series 
used In prrparlng Chart I. 

CHART 1V.-Hurricane, July 5.191B. Pressure map at 
in preparing Chart 11.-I. .W. 

12 noon, midway 
Cline. 

of series used 

at the hour when these directions and velocities were 
nctuallv recorded. 

The hurricane of September 29, 1915, recurved slowly 
during the 30 hours for which tlie maps were drawn. The 
greatest deviation froni a straight line in the 360 niiles 
trawled by the hurricane during this time was about 45 
miles and occurred midway of tshe period. The hurricane 
of July 5, 1916, moved in nearly a straight line. 

Chart 111 shows the pressure distribution and winds a t  
2 p. m..September 39, 1915, midway of the series of 
observations on which (!hart I, composite wind chart, for 
that hurricane is based. 

Chart IV shows the pressure dis tributioii and winds at  
12 noon, July 5, 1916, midway of tlie series of observa- 
tions on which <!hart 11, composite wind chart, for t.lint 
hurricane is based. 

Charts I arid I1 taken in connection with Charts I11 
and IV show the relations of the winds to tlie isobnrs: 
h o d  mays Iinve been clrawn froni r e u r e  reduced to 

posite pressure charts for these hurricanes. 
sea level. These maps are considere P preferable to com- 

WINDS IN DIFFERENT PARTS OF CYCLONIC AREA. 

Wind directions and velocities shown on Charts I and 
I1 approximate closelv what would have been found to 
prevail if simultmeous observations could have been 
trtken tit, t,he point. of each XITOW on t.he cht1rt.s ni id  the 
direction nntl ve1ocit.y of t,he wind cletermined at, t,he end 
of any hour during t,lie. progress of the liulfricanes of 
Sept.emher 39, 1915, and ,July 5*  1016, respectively. 

In t.hc hurricane of September 39, 1915, one t,hat 
recurved slowly, the wind velociby for four st.at.ions in t,hc 
righbbrtnd front. quadrant areraged 43, wid in the right- 
hand rear cpiclrnnt, 52 niiles per hour. The winds in t,he 
right-hand front! quadrsnt. m o r  t . 1 ~  pat.11 of the center 
blow ticross the line of adr:incr, :i.nd 150 t.0 ?I!! miles ao 
the right, of the line of ncfvnncc of t,he center of t,he storm 
they blow rtt i3 .n :ingle of nboiit 4.5' across the line of 
advance in the direct.ion in which the hurricane is travel- 
ing, while in t.he rear right-hnnd quadrant. t,he winds nre 
mninly in the sanie direct.ion as the line of irdrnnce of t,he 
hurricane. Effects of the wind, in the western segment 
of the Sept.eniber 39, 191 5,  hurricane, indicat,e velocit.ies 
considerably less t,lion those recorded in the right-hand 
segmentn. The highest wind occurred at, n dist.aiice of 50 
to 75 miles t,o t,he right of the line of advance after the 
passage of t.he center of t,he storiii. The dcst,ruct.ive 
power of t,he winds 40 miles enst, of New Orlcans showed a 
greater force t,han at. New '?rlenns. . f we had nut.~~iiint,ic 
wind records for t.he 5 tenibcr ?!I, I!JIs, storill froni a 
point, 50 miles east, 0) %ew (?rleniis, such re1wrt.s would 
show an inrrcase in tdie wind velocibies in t,he right,-hand 
renr quutlrnnt, over those acti~n.lly averaged from Chart I. 

3urrw-ood, La., locat.ed in the right.-hand segment., 50 
iiiiles t.o t.he right. of the line of advance of t.he cent.cr of 
t.he cyclonic area, So tember 29, 1915, furiiishes nn 

of a cyclonic area. at  a.11 individual st.ation. Coniniencing 
at  tahe tiiiie the c.enter of t.he st,orni passed near that pla.ce, 
we get, siis t,ninerl wind velocities, in t,he rear right-hand 
quadrant, blowing mainly in a direction in line with the 
advance of the hurricnnr, ns follows: 

Sisty miles per hour or above prevailed for a period of 
13 hours. 

Seyenty miles per hour or above precailod for a period 

escelleut esainple for t, 1 e study of the wind in t,hat part 

of 13 hoiirs. 

of 11 hours. 
Eighty miles per hour or above prevailed for a period 

Ninet,y miles per hour or above premiled for a period 
of 3 hours. 

One hundred and eight miles per hour prevailed for 2 
hours. 

(-)ne hundred and sist.een miles per hour prevailed for 
one-third of an hour. 

There was n gust wit,h 1 mile at. t,he rate of 140 d e s  
per hour. 

The wind velocity at Burrwood froin 10 p. in., Septem- 
ber 3 1 ,  1015, to  S a. m., September :50, 1915, was notb 
recorded, but the direction up to I) a. m., Septernbrr :so, 
1'315, cont,inued nininly in t.he sanie direction BS thc line 
of ndvnrice of the htirricaiie. The wind velocity nb 9 
a. m., Sept.ember 30, l !m,  was 2:? miles and by iiit.erpo- 
lating for tlie 11 hours following t,lie 13 hours wit,h n sus- 
tained ve1ocit.y of ti0 niiles per hour or above, we find t.hat 
nn average ve1ocit.y of :35 iniles per hour prevailed. 'llie 
average velocity was S5 miles per hour dui:ing the first 
13 hours and 35 niiles per hour for the nest 11 hours after 
bhe passage of the center of the hurricme, niaking a tota.1 
period of 2-4 hours with the average wind velocity esceed- 



&RCE, 19u). MONTHLY WEATHER REVIEW. 143 

ing 60 milea per hour. During this time the wind was 
mainly in the same direction as the line of advance of the 
cyclonic area. Burrwood cont,inued, during t,his 24 
hours, in the rear right-hand quadrant of the cyclonic 
area. 

In  the hurricane of ,Tuly 5, 1916, which progressed in 
nearly a straight line, the wind velocit,y averaged for all 
stations, 48 miles per hour iu the right-hand front quad- 
rant, 72 miles per hour in t,he ridit-hand rear quadrant, 
29 miles per hour in the left-han8 front quadrant, pnd 34 
miles. per hour in the left-hand rear qu'tdrant. ! 11 t.his 
storm the stations in the left-hand and right.-hand seg- 
ments were nearly equi-distant, from the pat,h of the cenber 
of the hurricane. 

Pensacola, Fla., located in tlie right-hancl segment, 100 
miles to the right of the center of t,he hurricane of July 5, 
1916, furnishes a good esample for the st.uc1-j- of winds nt nn 
individual station in that, part of t,he cyclmic arert. Com- 
mencing at the time the center passed t,liat st.at.ion we gct 
sustained wind velocities blowing mainly in a direct,ion in 
line with the advance of the hurricane as follows: 
- -  Forty miles per hour or above prevailed for a period of 
24 hours. 

Fifty miles per hour or a.bove prevailed for a. period of 
19 hours. 

10 hours. 

of 5 hours. 

Sisty miles per hour or above prevailed for a period of 

Seventy miles per hour or above prevailed for a period 

Ei hty miles per hour or nbove prevailed for a period 

For a period of 24 hours after tlie passage of the center 
of the hurricane the average velocity was 59 miles per 
hour, with the wind blowing in a direc.tion mainly in line 
with the advance of the hurricane. During this time 
Pensacola was 'in the rear right-hand quadrant of the 
cyclonic area. 

The foregoing records from Burrwood and Pensacola, 
both on account of their location with respect to the 
centers of these storms and their positions on the coast, 
may safely be assumed to represent the winds which 

revail in those parts of a hurricane in the open Gulf. 
!he velocities may be greater or less, depending on tlie 
intensity of the hurricane. 

The high winds which occur, as indicated in the above 
hurricanes, in the ri lit-hand rear quadrant of the cyclonic 

direction as the line of advance of t e hurricane during 
the life of the hurricane. Taking into account the 
diameter and progressive movement of the cyclonic 
area, we get a length of fetch of 300 to 400 miles in the 
rear right-hand uadrant of storms such as those repre- 

per hour for 24 hours, blowing mainly in tlie direction of 
the line of advance of the hurricane. 

of 3 f ours. 

f area, are sustaine d velocities whch ersist in the same 

sented in Charts P and 11, with the wind 35 to 100 miles 

DEVELOPMENT OF WAVES AND TIDES BY THESE WINDS. 

The wind velocities in the left-hand segment of a 
cyclonic area are never strong as compared with tlie 
winds in the right-hand segment (3) and are not long 
sustained in the same direction over the same area. 

oping waves is diminished. Therefore there can be no 
great development of waves in this part of the hurricane. 

178706-*2 

In tlie right-hand front quadrant of the hurricane the 
winds near tlie center of the cyclonic area blow in a 
direct,ion which carries the waves they develop ac.ross the 
line of advance of the hurricane: but at a distance of 
100 to 150 miles to tlie right of the line drawn throvgh 
the center of the cyclonic area in the direction in whch 
i t  is advancin the winds coincide more nearly with the 
direction of a f - vance of the cyclonic area. Furthermore, 
in the front right-hand quadrant the winds change direc- 
tion as a result of the progressive movement, of the 
cyclonic area so rapidly that one direction does not 
persist over a distance or fetch of 75 miles during a 
period of as much as four hours. This condition, even 
with the high wind -i-elocities that occur in this quadrant, 
would not furnish sufficient energy for large wave 
derelo ment. 

inclined toward the center and blow, in the main, in the 
same direction as the line of advance of the hurricane 
at  sustained relocities areraging 72 to 85 miles per hour 
for 13 hours and 55 to GO miles per hour for 24 hours. 
I t  is in this part of tlie cyclonic area that, the greatest 
lengt'li of fekh esists, for here the high winds persist 
mainly in the sanie direction as the line of advance of 
the hurricane over a distance of 300 to 400 miles. The 
wares are under tlie influence of the wind from tlie same 
general direction not only over this entire distance but 
also for another 100 to  200 miles, for waves started in 
the rear do not pass out of the front of this area for illany 
hours, during which time the fetch region has advanced 
a third to half a clay's 'ourney. For these waves, then, 

fetch is 400 to GOO miles in 
cyclones of the size and intensity similar to those illus- 
trated in Charts I and 11. When the size and speed of 
the cyclone and the velocity with which tlie waves are 
moving forward are hiown, the length of fetch for these 
waves may be computed, roughly, from the following 
equation by Dr. C. F. Brooks: 

In  t P ie right-hand rear quadrant the winds are more 

the actual length of t i e  i 

in which F is the length of fetch at  any moment, S the 
forward speed of the cyclone, and W tlie progressive 
motion of the waves. 

This sustained direction and velocity of the wind in 
the right-hand rear quadrant, prevailing during the life 
of the hurricane, furnishes the energy that develops and 
carries forward the larger waves of long length which 
move on through the smaller and shorter waves, pass on 
beyond the limits of the storm, and are carried by their 
inertia, in the line of advance of the hurricane, to shore 
long before even the front of the cyclonic area reaches 
there. 

In  this connection Eliot says ( I )  : "The waves, when 
originally produced by the action of the moving air on 
the surface of the sea, move a t  a rate which is mainly 
de endent upon the velocity of the wind, and are hence 

mined by the body or action which produces them, viz, in 
this case the moving air. Waves when produced by such 
action do not cease when the action stops, or when they 
pass in their motion beyond the sphere of action of the 
producing winds. In  such cases they pass onward in the 
same general direction as before, but gradually become 
smaller and smaller until at  last they become imper- 
ce tible." He also in speaking of large waves, says: 
'' h a t e v e r  explanation be adopted of the production of 

ca ?l ed forced waves, because their rate of motion is deter- 
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by some species of cumulative action to a continuous 
succession of large parallel waves so long as the winds 
are fairly steady in character. Waves that are woduced 

general direction so long as they meet no obstruction, 
and if they pass beyond the area of strong winds, t h y  
decrease slowly in height and force.” He also sass, in 

in this manner travel steadily onward in t,ie I sanic 

FRONT 

RIGHT 
LEF 

_... ..... - - *..- ..- 
. ..... D- . . .. I “.;..>I”‘ 

REAR 
FIG. 9.-A. Swells of greatest length and magnitude, traveling in the line of advance of 

the hurricane. 
B. Swells and waves of moderate length and itude in the front segment of the 

hurricane moving outward to right an%% of the line of advance. 
C. Swells and waves of smaller length and lesser ma itude in the rear segment of the 

hurricane movlng outward to right and lei% the line of advance. 
D. Swellsandwavesofleastmagnltudemovingoutwardfrom the rear ofthe hurricane.- 

I. M. aim. 

speaking oE the swell produced by cyclones in the Bay 
of Bengal: “It has been distinctly felt when the storm 
was at least 400 miles distant in space and 4s hours 
distant in time. In these extreme cases the storm was 
ap roaching the coast where the swell was observed.” 

ft appears that no effort has been made to illustrate the 
differences in the relative sizes of the waves and swells 
produced by the winds which prevail iIi the different 
parts of the cyclonjc area. Col. Reid, as early as 1849, 
gave us a diagram illustrating the power of the winds of 
a cyclonic storm to give rise to swells movmg outward 
in all directions from the storm area, ( I )  but he did not 
differentiate between the size and persistency of tlie 
swells produced by the winds in the different parts of 
the storm. With the wind directions and velocities 
which prevail in the different parte of the cyclonic area, 
as shown in the foregoing discussion and on Charts I 

and IT, we are able to illustrate the relative size and 
persistency of the swells which move out from the different 
parts of the c.yclonic. area and these are illustrated in 
figure 9, where the size of the swells going out from each 
part of t,lie cyclonic area is shown to bear a certain and 
well-defined relat.ion to the producing’ winds. 

CONCLUSIONS. 

1. The waves and swells of greatest size and length 
are developed in the rear right-hand quadrant of the 
cyclonic area and niove through the. smaller waves in 
the front of the storni and are carried by inertia to 
shore in tlie clirection in which tlie cyclonic area wm 
adnuwing at  that time. The waves sent out in other 
directions, being smaller and shorter, do not persist long 
after leaving the cyclonic area and soon flatten out and 
clisaplwar. 

3. The transference of water with the long waves and 
swells cawcs rises in tlie water along tlie coast, which in- 
crease as the storni a1,proaclies. The rise in the water 
on the coast in front of the h ie  of advance of the cyclonic 
area, beginninq 13 to 31 liours after the hurricane enters 
tlie Gulf, indicates tlie rapid niovenient of the waves 
through the storm area and across the Gulf. From a 
study of the movements sllown on the different charh 
and tigures wit11 this paper, the speed varies from 30 
t n  45 i d e s  per hour. The rapidity with which the waves 
travel depends h t h  upon the estent of the cyclonic area 
and the intensity of the winds that develop the waves 
and swells. The water rises at  the shore in the front, 
and to tlie right, of the point toward which the center of 
the liurricane was moying st the time the waves started 
on their journey. 

3. The rise at slic.rt., of the water from the hurricane, 
shows long in advance of any change in the barometer. 
Take, for esaniple, the hurricane of September 11-14, 
1910. Wlicn t.he barometer at  Burrwood, 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  Gdveston, and then at  Aransas 
Pass was rising in feet, telling tlie story of the movement, 
and of the cliunge in the course of the storm as plainly 
as could poseiblv be told. 

4. In usin the information conveyed by the tides in 
forecasting t. fl e movenients of hurricanes, the tides as 
predicted by the Coast and Geodetic Survey should be 

lotted for each hour whenever a storm appears in the 
kulf. The height of the tide abore mean low tide 
should he tele ra. hed from coast stations with each 
ohserntion an3 ticst! should be lotted over the pre- 
dicted tides. The lace where t I! e water esceeds the 
predicted tides a n a  continues rising is in the line of 
advance of the hurricane a t  the time that water started 
011 its ‘ourney. 

5. 4 he intensity and esteiit of the hurricme is indi- 
cat,ed when the disturbance is a t  a considerable distance 
in space and time, by the rapidity of the rise in the 
water and the esteiit of the coast over which the rise is 
takin0 lace. 

6. ?’le time between the coniniencement of the iise in 
the water a t  shore and the arrival of the hurricane will 
depend upon the rapidity with which the cyclonic area 
is advancing and tlie intensity of the hurricane. 
7. If the point of greatest rise shifts to the right or 

left, this indicates that the sborm is changing its course 
in that direction toward which the increased rise is 
takiii%pplac.e. 

ion the crest of the storm tide is coincident with 
the crest of the regular tide the height of the water 

S. 
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more than one foot for hurricanes of 
when the crest of the storm tide is 
tide, and in forecasting storni tides 

this must be borne in mind. 
9. The regular tides are not obscured a t  any time by 

the storm tide, escept at or near the oint where the 
center of the storm moves inland, an# t,hen for only 
about twelve hours before the passage of the center of 
the hurricane. 

10. The highest water occurs a few miles to  the right, 
and about the time, of the passage of the center of the 
c clonic area. At points on the coast some distance to 
t i e  right of the line of advance of the center, the highest 
water occurs on a line drawn through the center of the 
c clonic area at right angles to the line of aclvancs of 
t i e  hurricane, about the time of the passage of the center 
of the storm acwss tliat line. 

11. The hi h water estends for only a short dist,snco 

moves inland. High water, however, is experienced to 
the right of the center for a distance of 100 to -300 miles. 

12. The water commences rising at the shore towa.rd 
which the cyclonic area is advancing in less than 24 
hours after the center of the cyclonic area has ent.ered 
the Gulf. The waves and s d l s  which give this rise 
must have moved though and out of the rear right- 
hand uadrant of the storm area within 12 to 1.5 hours 
after t R e center of the storm entered the Gulf of Mesico. 
This indicates that with a fetch of 150 to -300 miles in 
the rear right-hand quadrant of the cyclonic area t,he 
winds furnish sufficient energy to develop waves and 
swells of a size and length that, travel 30 to 45 miles per 
hour, reaching the middle Gulf coast., 400 miles distant, 
in 10 to 15 hours, and the Tesas coast, SO0 miles clist,ant,, 
in 15 to 20 hours. 

13. Strong current,s are created in the ri lit-hand 

coastwise toward the line along which the cyclonic area 
is advancing. The fact that two gas and whistling 
buoys in August,, 1915, and three in Se tember, 1919, 

shows the force of these currents. If these buoys had 
been moved by waves they would have been carried in 
toward the shore and not along the coast. 

to the left o f the point where the center of tho storni 

segment of the cyclonic area which move in t 5 e main 

were carried 2 to S miles nearly paralle r to the coast, 

NEITHER A STORM NOR A TIDAL WAVE. 

14. The high water attencling the hurricane is fre- 
quently referred to as. a ‘I tidal wave, ” or “storni wave, ” 
but i t  is not a wave in any sense of that teim. I t  is J 
cumulation of the water from successive “storm waves ” 
reaching shore, covering a period of two or more days, 
with a gradual rise which increases as the center of the 
storm ap roaches. The “storm tide” results from the 
phydcal Krces of the hurricane, clrivinf the large waves 
forward and transferring the water in t e same direction 
as the line of advance of the hurricane. I n  the open 
sea this storm tide is not so great, probably not esceeding, 
in  the eatest storm, more than 5 feet. The obstruction 
forme 8 by the coast line ac.ts as a barrier and the water 
gradually banks up as it does against a dam across a 
stream. The rise in the water at shore is frequently 
against opposing .off-shore winds as was the case at  
Galveston, Tex., in 1900 and in 1915, and at  Corpus 
Christi in 1919. I n  such cases the off-shore winds 
force the water back on the storm, retarding the rise; 
then when the winds shift and come in with the storm, 
the rise in water is much nioro rapid and consequently 
more destructive. The diminished pressure near the 

center of the hurricane will have some effect on the 
height of the water. The weight of 1 inch of mercury 
is equal to that of about 1 foot of water. The increase 
in the height of the mater due to diminished pressure at  
Galveston, for esaniple, in 1900, with the barometer 
25.45 inches, could not have exceeded, under most 
favorable conditions, 1.5 feet, whereas the storm tide 
was 15 feet. 

RECORDS OF WAVES AND SWELLS. 

There are no records available for use in the study 
of the individual storm waves and storm swells and 
groups which reach .the coast and cause the storm 
tides. A knowledge of the size and speed of these 
woiild aid in the study of the niovenieiits of water in 
hurricanes. A definite kno\vledge of t,liese waves would 
aid in determining the location and inbensity of hum- 
canes.. Observat,ions should be made along the coast, 
especially when hurricanes are approachmg, of t,he 
speed and direction of waves and swells. l l i e  velocity 
of water waves and ri ples is determined by the 
wave length. “Wave ve P ocity = wave length x wave 
frequency. ” 

Fleniing s a p  t.his relation may Le stmated in another 
manlier: “We call the period of a wave the time taken 
in making one coniplct,e movement!. The period in 
time, is, therefore, inversely proportional t,o the fre- 
quency. Hence, we can say that the wave lengt.h, 
divided by 6lie Reriodic time, gives us t.he wave 
velocity. * * * 

“A forinal and esact roof of the law coniiecting speed 
and wave length for !eep-sea waves requires mathe- 
niat.ica.1 reasoning of an advanced character, but its 
resuhs may be ex ressed in a x-ery simple statement 
by saying that in t, E. e case of wams in deep water, the 
speed wit11 which the waves travel, reckoned in miles 
per hour, is equal to the square root of 2 i  times the 
wave length measured in feet * * *. ’’ 

“The above rule for the speed of deep-sea waves, 
vh, wave velocit)-=scjuare root of 2+ t.imes the wave 
length conibined wit.h the general rule, wave velocity 
= wave 1engt.h niul tiplied by the fre uency, provides 

of. dee, sea waves which are passing any Exed 
polllt 4- * *.” Count the number of waves which 
pass the fised point per nlinut,e and divide t,lie number 
into 198; tslie quotient is the speed of the waves in miles 

gxed buoy, their velocity.is nearly 20 (19.8) mi es per 

minute, and T7’ is the velocity in miles per hour, t ger en 
hour. 

is the wave length &i feet and ‘(n” the frequency per 
minute; from which we have V‘ =n, 01 the rule given 
in the text. 

us with a useful practical method of ? inding tjhe s eed 

fast a 
er hour. Thus, if ten waves per minute race 

If T’ is the velocity of the wave in feet 

V’x-- 52s0 F7. But V = 2 &  and V=nZ, where ‘(i!” 
60 - 

198 
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records for 1909, 1915, and 1919, and other important 1. A depression on the ocean between the Azores and 
matter for GaJveston, Tex., have been furnished by the t,he British Isles, and light northwest winds in the region 
district engineer at  Galveston, Tes. between the African coast and the depression. If the 

Automatic tide records at  Galveston for 1906, 1909, depression is int.ense, the s\dls will be correspondingly 
1916, 1917, and 1919, and important references have greater. These waves originating within the LOW require 
been furnished by the Superintendent and other officials from 2 to 5 days to reach the coast of Morocco. 
of the United States Coast and Geodetic Survey, Wash- 2. A depression moving eastward between the Azores 
in ton, D. C. ancl Port,ugal. In this case the swells are rarely large 

seports  from lighthouses in the Gulf, and the move- at  Cksablanca. They require from 24 to 48 hours to 
ment of buoys in. storms have been furnished by the reach the coast. 
Inspector of the L g h t  House District, New Orleans, La. 3. Secondary depressions arising from LOWS in the 

nort.11, moving soutliwtwd over western Europe from the 
BIBLIOQRAPHY. region of Norway and the British Isles, and giving rise to 

(Including publications not referrcd to in this paper.) depressions over the Medit.erranean. 
11. A swell is weakened or made ineffective a t  cas& 1) Cyclonic Storms in the Bay of Bengal, by John Eliot. 

Calcutta, 1900. blanca- 
(2) The Tides, by George H. Dnrwin, Cambridge, 159s. 

Chapter S. 
(4) Waves and Ripples, by J. A .  Fleming, London. 191% (-!hnpt.ers 1 

and 11. ISleS: 
(5) Modern Meteorology, by Frank Waldo, New Yolk, 1W3, 

Chapter V. 
(6) Waves of the Sea and Other Water Waves, by Vuugh:in 

Cornish, Chicago, Ill., 1910. 
(7) A Practical Manual of Tides and Waves, by W. 11. Wheeler, 

London, 1906. 
pearsonys Mapzine, jnlY, 1901, Kumatology or the Science 

of aves, by Marcus Tindall. 
(9) Nautical Msgszine, Vol. LSIV, 1895, has three papers by w. 

H. Wheeler on The Effect of a Gale Upon the Tides, on PP. 1% 
353, and 1041. 

by Col. F. V. Abbot, Effect of Storms on Tide Levels. etc., 1). 280. 
' 

(11) U. S. voast and Geodetic Survev Report for 1850,11) 271-2iP, 
h a  the follomng articles: Winds of Aibermarle Sound, discussion 
of their Effects Upon the Tides, by F. F. Pourtales. Winds in 
the Oulf of Mexico, by  A. D. Bache. And Winds and Tides in 
Cat Island Harbor, by G. W. Dean. 

(12) U. 5. Coast and Geodetic Survey Report for 1557, p. 35-1-355, 
Winds on the Western Coast-Discussion, by A. D. d c h e .  

(13) Proceedings and Transactions of the Royal Society of Canads, 
h a  two articles by W. Bell Dawson aa follows: (a)  Meeting of May, 
1909, 3d series, Bul. 3, sec. 3, p. 179, The Effects of Wind on Cur- 
rents and Tidal Streams. ( b )  Meeting of September, 1910, 3d 
series, vol. 3, p. 8, sec. 3, Wind Disturbance. 

(14) British Association for the Advancement of Science, 1895, p. 795, 
by W. H. Wheeler, The Effects of Wind and Atmospheric Pressure 
on the Tides. 

(15) British Association for Advancement of Science, 1896, p. 503, 
by % . H. Wheeler and others, The Effect of Wind and Atmospheric 
Pressure on Tides. 

(16 Nature, vol. 56, May to October, 1897, p. 80, by F. L. Ortt, 
The Lffect of Wind and Atmospheric Pressure on Tides. 

(17) U. 5. Coast and Geodetic Survey Report for 1871, a pendir 6, 
p. 93, b Prof. William Ferrel, Meteorological Effect on fides. 

(18) The Wet Lands of Southern Louisiana and their Drain- 
age, b Charles W. Okey, Senior Drainye Engineer, Bulletin No. 655, 
U. 5. gepartment of Apculture, Waahingt.on, 1918 

(19) U. S. Monthly Weather Review, Washington, 1900, Septeni- 
ber; 1901, July; 1906, Se tember; 1909, July and Se tember; 1910, 
October; 1915, August an8  September; 1916. July anc7August; 1917, 
September; 1918, August; and 1919, September. 

(3) Elementary Meteorology, by Jv. &.I. Davis, B@st.on, 159.1, 1. nhen there is an mticyclone Over the region 
between the coast of Morocco ancl the depression. 

2. When the depressions pass north of the British 

3. In  the case where depressions descend upon Europe 
when passing between Norway and the British Ish. 

4. When an intense LOW with strong winds moves 
rapic]ly east\i7arcl. 

The forecasting of sffells can be either made directly at 
Casablanca by nieans of comparison of the daily wireless 
reports from Paris with those of the preceding day, or a t  
Pa&; t,he forecast itself can he forwarded to Casablanca. 

the proble'm, but that i t  is now possible to avoid such. 
catastrophes as have been experienced along the coast of 
Morocco.-C. L. M. 

(10) U. 5. Engineers Corps ProfeAonjl Me1iloin, vel. 5, 1913, The author consiclel.s that more study be g;ven 

MEAN SEA LEVEL. 
By D'A. W. THOMPSON. 

[*ktnretreprintedfromBCfenecdbstrarls 21,1919,'pp. Nov id%.] 29 1919,P.504. ArtidehNaurbAw 

The level of the sea, or more generally, the form of its 
surface, is the resultant of two kinds of forces after mere is the action 
of the sea currents and densities (intrinsic forces) ; and 
that of wind and barometric pressure (estrinsic forces). 
Witting thus summarizes the effects of the extmslc 
forces: (1) Every barometric distribution of any per- 
manency roduces a deformation of the surface of the 
sea. (2) !t'h e ascending slope so produced is not iden- 
tical in direction with the barometric gradient, but 
deviates to (3) 
The amount of slope is greater than that whch would 
correspond with the hydrostatic pressure, induced by the 
barometric distribution. nTith regard to the intrinsic 
forces we bow enougll to choose a point at sea where 
no movements are caused by the distribution of den- 
sities. This is the zero pressure level. A geodetic sur- 
face drawn through this point may be considered the 

MOROCCO. datum level. Proceeding outward from such a point, 
Witting has calculaled the hydrodynamical radient due 

ressures. He has found that levels thus calculated 
!or the Baltic area agree to a surprising closeness with 
the determinations of precise levels. 

difficulties. But assunling the coast from Wismar to 
Pillau has kept at  constant level, Witting mapped the 
changes in level in the Baltic from 1598 to 1912. Some 
minor fluctuations are relabed to seismic phenomena; 
e. g., there was an inteimption in the general upheaval 
at the time of the Scandinavian earth uake, 1904. For 

the eft'ect,s of the tides. 

rigllt in the Northern Helllis here. 

THE OF SWELLS ON THE COAST OF 

By LOUIS GAIN. 
[Abstracted from Revue g&eal des Scl-, July 1.5, 1919, pp. W l l . ]  

The great damage which was frequently wrought to 
ship ing along the coast of Morocco by great ocean swells 

studies have led him to the conclusion that these destruc- 
tive swells can be forecast from the pressure distribution 
in the portion of .the Atlantic to the east and northeast 
of Morocco. The conclusions, based 'upon the study of 
the effects of 210 low- ressure areas, are as follows: 

of- 

to densities, and added to i t  the effect o B barometric 

has f een the subject of a number of studies. The author's 

I. A swell produce i at Casablanca is' the consequence 

The question of secular changes of level is beset with 

some centuries past the elevation of t % e Fennoscandian 


