NORTH ATLANTIC HURRICANES AND TROPICAL DISTURBANCES OF 1946

H. C. SuM~ER
[Weather Burean, Washington, D. C.]

The hurricane season of 1946 passed uneventfully with-
out the loss of a single life in the United States and with
property damage confined to less than 10 million dollars.
Compared W‘itﬁ $80,000,000 damage in 1945 and over
$150,000,000 damage in 1944, this figure indicates the
comparatively mild nature of the yesr’s tropical storms
by the time they resched the coast line of the United
States. The total of six tropical disturbances detected in
the North Atlantic area during the past season was below
the seasonal average of 8.5, an average based on the last
20 years of record. A total of 53 official advisories and
wa.miﬂ%s were issued by the Weather Bureau for these 6
tropical disturbances. :

Only once during the year was the coast line seriously
threatened by a %urrieane of major proportions. On
October 7, aireraft reconnaissance indicated that a storm
center, encircled by winds reaching velocities of 115 knots,
was moving north-northeastward in the Gulf of Mexico
towards the Tampa Bay area. This storm quickly lost
intensity during its last few hours over the Gulf, however,
and caused relatively little damage as it moved across the
Florida Peninsula from Tampa to & point slightly west of
Jacksonville.

Of the five other tropical disturbances, one moved
across the North Carolina coast near Wilmington, one
crossed the Bahamas and moved northeastward off the
Atlantic coast into Newfoundland, and one reached the
Texas coast west of Port Arthur. The fourth moved in-
land south of Tampico, Mexico; while the last, a minor
disturbance, moved westward from the Babhamas and
passed over the east Florida coast near Palm Beach.

For the fourth vear aircraft reconnaissance played a
major role in locating the centers of hurricanes and tropical
disturbances as well as in determining their rate of forward
movement and the wind velocities within their circula-
tions. Knowledge of these factors is invaluable in issuing
reliable warnings.

The following are reviews of all North Atlantic hurri-
canes and tropical disturbances that occurred during the
1946 season. A synopsis of the important features of these
storms is given in table 2; their tracks, numbered I to VI
chronologically, are plotted on Chart I.

1. Weak tropical disturbance of June 14~16 —This dis-
turbance, accompanied by a small area of squally weather
with winds of 25-35 miles per hour, was first detected near
latitude 29.0° N., longitude 86.5° W., about 110 miles
south of Valparaiso, Fla. The center moved west-north-
westward during its 3-day life span, and passed inland on
the Texas coast near Port Arthur on the 16th, attended
by winds of gentle to moderate force. The highest wind
velocity recorded was 36 miles per hour at Grand Isle,
La., on June 15, at 1:30 a. m. No damage or loss of
life was reported, although the sea was very rough in
Mississippi Sound as the disturbance, traveling westward,
moved across the Gulf to the south.

I1. Tropical disturbance of July 5~10—A small tropical
disturbance moved north-northeastward along the coast
of South Carolina during July 5, and at 6 a. m., on the
6th moved inland over North Carolina in the vicinity of

Wilmington. At 5:50 a. m., on the 6th, during passage
of the center over Wilmington, the barometer there
reached a low of 29.71 inches (1,006.1 millibars). A
maximum wind velocity of 30 miles per hour (with gusts
estimated at 45 miles per hour) was recorded at Wilming-
ton at 1 a. m., some 5 hours before passage of the center.
Reports from Carolina and Wrightsville beaches indicate
that winds reached 45 miles per hour (50-60 miles per
hour in gusts) in that area.

Although there was some voluntary evacuation of beach
property, little damage was reported to property of this
type. In and near Wilmington wind damage was limited
to plate-glass breakage and a short interruption of power
and communication services, However, considerable crop
damage (15 to 20 percent in some areas) resulted from
the heavy rainfall.

As the storm moved seaward on July 6, between Cape
Hatteras and Elizabeth City, N. C., it showed marked
signs of greater intensity. During the next 4 days the
center moved northeastward some distance off the coast
and by the morning of the 10th reached a point southeast
of Newfoundland.

- I Minor tropieal disturbance of August 25 —Although
the lack of a trade Inversion over Swan Island, West
Indies, during the several days previous indicated that
conditions were favorable for the formation of a tropical
disturbance in the vicinity, no development was detected
until the morning of August 25, when reconnaissance
flights located a well-defined circulation east of Tampico.
The disturbance moved west-northwestward and passed
inland a short distance south of Tampico, Mexico, dissi-
pating rapidly during the night as it reached the moun-
tains west of Tampico. No loss of life or property damage
was reported.

IV. Hurricane of September 12-15—Cn the 11th of
September an area of falling pressure was noted over the
Bahama Islards, with & minimum pressure over Andros
Island. By 7:30 a. m., of the 12th there were evidences
of a weak cyclonic circulation, and reconnaissance flights
were arranged for the forenoon and afternoon. The after-
noon flight located a definite center with an “eye’” about
8 miles in diameter, surrounded by a 5-mile wide ring of
winds with speeds up to 55 knots. At 4 p. m., of the 12th
the area of high winds was about 20 miles in diameter,
with the center located about 125 miles east of Miami,
Tla., and 90 miles northwest of Nassau. The center
passed over Great Abaco Island, Bahamas, about mid-
night. Hopetown reported a west wind of 65 miles per
hour; gusts of higher velocity; and a low pressure at the
center of 29.38 inches (994.9 millibars).

Continuing a northeastward movement over the Atlan-
tic, the disturbance soon developed to full hurricane force.
A reconnaissance plane flew into the center at about 1:30
p. m. of the 13th, near latitude 29.2° N., longtiude 73.8°
W., and encountered winds of 85 to 90 knots. On this
flicht the central pressure was reported as 28.80 inches
(975.3 millibars). Several hours earlier the S. S. St
(loud was involved in the hurricane near latitude 28.7° N,
longitude 74.8° W., and reported winds of 100 miles per
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hour. During the 14th and 15th the forward movement
of the storm increased at a rapid rate as it moved north-
eastward some distance off the Atlantic coast. It skirted
Nova Scotia on the 15th and, diminishing in intensity,
passed into Newfoundland accompanied by winds reduced
to gale force.

V. Florida hurricane of October 6-9.—Late on October
5 a poorly defined cyclonic circulation passed northeast-
ward from Guatemala into the Caribbean Sea. The
forward movement of this low pressure area slowed to
about 12 miles per hour as it moved out over the waters
of the Caribbean, and between 1:30 p. m. of the 5th and
7:30 a, m. of the 6th, the central pressure fell from 1,005.¢
millibars to 993.0 millibars, with winds increasing to over
50 miles per hour. During the late afternoon of the 6th
winds of 85 miles per hour were measured from aircraft
and surface vessels. .

During the following night the center crossed extreme
western Cuba, with the station at San Julian, Cuba,
reporting gusts reaching 112 miles per hour. Moving
into the Gulf, the center passed a short distance west of
Dry Tortugas, which, at 12:30 p. m. on the 7th, recorded
an extreme wind velocity of 84 miles per hour from the
south. Several ships west of this island reported winds
of 80-100 knots, and & reconnaissance plane flying into
the center estimated a wind of 115 knots (132 miles per
hour).

After passing the latitude of Dry Tortugas the storm
began to lose intensity, as indicated by reports from a
plane that flew into the storm at 4:18 p. m., while it was
centered about 100 miles west-southwest of Fort Myers;
no winds greater than 85 knots (98 miles per hour) were
reported.

As the storm approached the Florida coast, the ring of
hurricane-force winds, which probably never exceeded
50 miles in width, was destroyed at the surface, leaving a
poorly defined and relatively flat central area surrounded
by a broad circulation of gale-force winds. Some Florida
stations directly in the path of the storm reported winds
which gradually decreased from 40-50 miles per hour
down to 15-20 miles per hour, and gradually increased
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again, without any relatively calm period intervening.
Others reported a complete calm for periods of as long as
1 hour. No stations reported the rapid transition in
wind conditions which is characteristic of the approach
and passage of a hurricane “eye.” However, a short
distance above the surface, there seemed to be little dis-
ruption of the hurricane-force winds. Several stations
reported very rapidly moving low clouds at the height of
the storm, with only fresh surface winds; and one observer
stated that while small trees were being gently swayed by
the wind at the peak of the storm, the tops of taller pines
in the same field were being violently twisted and sheared.
Along the west Florida coast the maximum winds reported
were 75 miles per hour. These high velocities were
reported from stations to the right of the center of the
storm, in the Fort Myers-Punta Gorda section. Tampa,
over which the calm center passed about midnight,
reported a highest wind of only 47 miles per hour.

The forward movement of the hurricane accelerated
rapidly during the 7-8th, from about 14 miles per hour
upon leaving Cuba to 33 miles per hour when passing over
Florida and southeastern Georgia. Coming to an abrupt
stop between Columbia, S. C., and Augusta, Ga., on the
8th, it continued to lose force. Heavy rains spread over
the Carolinas and Virginia, with diminishing winds.
After remaining stationary for about 18 hours, the weak
low-pressure system moved over the North Carolina
Capes into the Atlantic.

The greatest damage in Florida was to the citrus crop,
and was estimated at 2 percent, or 2,000,000 boxes of
fruit, at $2.50 per box, amounting to $5,000,000. In some
west coast counties, such as Sarasota, Charlotte, and Lee,
the loss ran to 10 percent for oranges and 15-20 percent
for grapefruit, but the production in these counties is
small compared to the total crop.

Other property damage was confined to about $200,000,
most of which resulted from unusually high tides along
the west Floride coast. The town of Everglades was
inundated to depths ranging from 1% to 3 feet, Parts of
Punta Gorda and Fort Myers were also flooded, as were
low beaches and islands from Tampa Bay to the Keys.

TaBLE 1.— Meteorological data for hurricane of Oct, 68, 1846
[All times eastern standard)

Extreme
Maximum i
Date Lowest ; wind Time of Velocity of
. f ob- | pressure | Time of lowest wind ve- Time of maxi- | velocity e o £ 0city o :
Station o loeity for : extreme extreme Miscellaneous
serva- | reported pressure mum velocity (fastest - i
tion | (inches)! & fminute mile from | velocity gust
p Tegister)
Alligator Light, Fla 7 20,60 | 2:30p
Brunswick, Ga __.._..... 8 20.20 | T:15a Tide, +9.5ft.
glajryfmrt Resef Light, Fla 7 ‘Jzzg 6; T p Duration of gale winds, 13 hours
arleston, 5. C__....... g L38 | 2:30 p .
Cortez, Fla. . - 7 28,95 | 10:30 Tide, 3.0 ft.
Daytona Beach, Fla g 20.33 | 3:00a 3:00 a. .| Tide, +2.0 ft. Rain 2.32 inches.
Dry Tortugas, Fla__ S 12:30 Duration of gale winds, 29 hours.
Everglades, Fla____. 7 20,55 | 700 Pu T0e oo e | e e e e e e Tide, +5.0t. Rain, 0.72 inches.
gort Lyers, FI"‘lla __________________ ; gg‘ g.} 2}‘,8 p.mo.... 2:% p guratlztlélsqf gc!]lﬂle winds, 5 hours.
omes yFla ... . 0 p.m 200 p. ain, 2.35 inches,
Jacksonville, Fla, (WBO)___ 8 20.21 | 5:50a.m.. 701 &, Rain, 2.56 inches.
Jacksonville, Fla. (WBAS)_ 8 29.21 | 5:50a.m._. £33 8. . .
Key West, Fla. ..o 7 20.50 | 4:00 p. m 7:33 p. Tide normal. Rain, 2.01 inches.
%{i%am;, ;}a ((ggg)s - g gg 2}} g% p. E gg 2. .| Duration of gale winds, § hours.
Miami, Fla. X 126 p.m. 226 p. -
Qcala, Fla..._...... 8 20,12 | 3158, M e e e an Rain, 6. 20 inches.
Okecchobee, Fla.. 7 20.53 | 12:00 mid.. 8:45 p. .| Duration of gale winds, 3.5 hours.
Punta Gorda, Fla... 7 20,16 | 10:00 p. m 11:00 p Tide, 6.0 ft. Rain, 1.06 inches.
gt, Pct.erﬁbu(}rg, Fla__ ; 223 éa 11:50 p. m 105(3)(! D. %u_ratidogéo_f gilc winds, 4 hours.
avannah, Ga. ... ... .21 { 1I:l5a.m 33 p. aln, 4.25 inches.
Tamps, Fla. __________ 8 20.14 | 12:30 a. m 11:10 & Tide, +3.4 {t. Rain, 2.21 inches.
West Palm Beach, Fla. .. ooo.._= 7 20.60 | 828 p.mo_____ 4:16 D. Rain, 3.09 inches,
. Reported extremes......coooooon 28.95 80 B 8 8

1 Reduced to sea level. . . .
-3 Also 47 miles per hour from the northeast-on Qctober 7, at 10 p. m.

Norz.—Under column “velocity of extreme gast,” where no direction is given, this direction was not reported.
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Slight damage was reported along the Atlantic coast from
Tétusviﬂe, Fla., to Charleston, % C., mostly from high
tides. '

No loss of life or serious injury was reported for the
Gulf or Atlantic coasts of the United States. However,
press reports stated that 5 lives were lost as a result of
this hurricane in western Cuba.

A tabular listing of the lowest pressures and the highest
wind velocities observed at selected stations during this
Florida hurricane is contained in table 1.

VI. Minor disturbance of October 31-November 2.—This
disturbance developed from a wave formation in the pres-
sure field which was noted moving westward north of
Puerto Rico and Hispaniola on October 31. Early on
November 1, a rather concentrated fall in pressure was
noted as the wave moved through the Bahama Islands.
During the morning, aircraft reconnaissance located signs
of a forming cyclonic circulation, which was, however,
still weak and poorly defined. The highest wind reported
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from the Bahamas area was Beaufort force 8 (39-46 miles
per hour) at West End, Grand Bahama Island, and aboard
two ships north of that island.

From the Bahamas the center moved northwestward
and passed over the Florida coast near Palm Beach at
about 4:30 p. m. on the 1st of November. Wind velocities
over Florida at no time exceeded 40 miles per hour, al-
though squalls and winds between 30 and 40 miles per
hour were reported from near Miami to Daytona Beach.

Moving more slowly and continuing a northwestward
movement, the center reached a location between Lake-
land and Orlando, Fla., by 7:30 a. m. on November 2.
Thereafter the disturbance deteriorated rapidly, with the
r{aﬁmants finally drifting into the Atlantic near Jackson-
ville.

In Florida no wind damage occurred, but heavy rains
that accompanied the disturbance flooded crops from
Lake Okeechobee to the coast, with damage amounting
to 50-75 percent of early fall plantings.

TaBLE 2.— North Atlantic hurricanes and tropical disturbances of 1948
[Number of storm in table corresponds to number of track on Chart I}

Area where first Coast lines Maximum wind Lowest pressure Place of dissi- .
Storm Data reported crossed speed reported reported ! pation Intensity Remarks

I| June 14-16.___| About 110 miles | Louisianaand | 36 miles per hour at | Nodata.............. Extreme south- | Weak disturb-| No loss of life or damage
south of Valpa- Texas. Grand Isle, La. eastern portion ance. reported.
raiso, Fla. . X of Texas.

II | July 5-10.._..| Off the South Care- | North Caro- | 30 miles per hour, and | 1,006.1 millibars (20.71 | Atlantie  Ocean | About hurricane | Minor damage to beach
lina coast. lina. estimated gusts of 45 inches) at Wilming- east of New- intensity over property near Wil-

miles per hour at ton, N, C foundland. the Atlantic. mingon, N. C.
Wilmington, N. C.
IIT | Aug. 25 ______ Southwest Gulf of | Mexico..—..__. Nodata oo oo_._ Nodata.ocoercennaas. Interior of Vera | Not of hurricane | No loss of life or damage
Mexico. i . ruz. intensity. has been reported.

IV | Sept. 12-15..__| Near Andros Island, | None.......--. 100 miles per hour es- | 975.3 millibars (23.80 | Southern New- | Full hurricane....| The Norwegian tanker

Bahamas. timated, 8. 8. &% inches), reconnais- foundland. Marit IT was reported
Cloud at 28,7° N, lati- sance plane at 29,2° broken in hall and
tude, 74.8° W, longi- N., latitude, 73.8° sunk, with a loss of
tude. W. longitude. - sixteen lives, but, since

d the area of burricane
winds was not closer
than 300 miles at the
time, the loss cannot
be directly attributed
. . to the hurricane.

V| Qet.6-0_.___._ Northwestern Car- | Cuba, Florida,| 115 knots (132 miles per | 978.7 millibars (28.90 | At sea off the |.____ [ No loss of life in the
ibbean Sea, south and North hour) estimated from inches), reconnais- North Carolina United States; 5 killed
of the Yuecatan Carolina. aregonnaissance plane sance plane near coast. in Cuaba. Damage in
Channel. near 24.1°N., latitude; 26.1° N. latitude, Florida estimated at

£3.6° W . longitude. 23.7° W, longitude. - 35,200,000, i

VI | Oct.31-Nov.2.| Atlantic Ocean | Florida........| Beaufort force % (39-46 | No data available for | At sea off the | Minor disturb-| No winds over 40 miles
north of Hispani- miles per hour) at Bahama Islands. South Carolina ance. per hour in Florida.
ola. West End, Grand coast. Several million dollars

Bahama Island. damage to [all plantings
from heavy rains.

1 Reduced to sea level.
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A NOTE ON THE MOVEMENT AND STRUCTURE OF THE FLORIDA HURRICANE
OF OCTOBER 1946

R. H. SmvpsoN
(U. 8. Weather Bureau, Washington, D. C.)

INTRODUCTION

The Florida hurricane of October 6-9, 1946, was dis-
tinguished by at least three interesting features:

(a) A radiosonde flight was made at Tampa in the eye
of the hurricane, the second sounding of its kind in the
history of upper air observations.! :

(b) "An airplane reconnaissance flight was made over the
top of the burricane cloud system, and motion pictures
were taken of the cloud formations during flight.

(¢) The conditions associated with the extremely rapid
intensification and equally rapid dissipation of the storm
may be regarded as extraordinary.

‘Tt is fortunate that a good number of radiosonde and
wind observations were obtained from the storm area.
These observations have made it possible to construct a
more complete picture of the vertical structure of a
tropical cyclone than has been possible before. The
subject of hurricane structure is not well understood,
and many of the concepts which have been advanced are
not satisfactorily substantiated by actual observation. The
following note attempts to summarize the salient features
of the storm, obtained from all available sources of in-
formation, as a possible contribution to future studies of
burricane structure.

INCEPTION OF THE STORM

The intertropical convergence zone in the eastern
Pacific Ocean moved northward of its average position
during the last week of September 1946, at the same
time that an intense extratropical cyclone moved east-
ward across the United States. One line of convergence
crossed the Central American coast as far north as
Guatemala, and soon became associated with a surface
low pressure system which was elongated in an east-west
line and centered over Guatemala. This system persisted
from October 1-5, though the surface circulation was
negligible during much of the period. Meanwhile, the
sxtratropical cyclohe moved out into the Atlantic Ocean
and was replaced by a large anticyclone covering most of
the United States. Associated with its movement was a
oronounced quasi-stationary front or shear line extending
rom Bermuda southwestward across the Caicos Islands
through the Windward Passage and Caribbean Sea to
Honduras and Guatemala, where it apparently inter-
sected the intertropical convergence line. As the surface
cyclone in the Atlantic moved northeastward, an in-
teresting development occurred in the upper troposphere
over the Atlantic: a circular cold-core low pressure system

1 The first sounding in the eye of a hwricane was made at Tampa at 0800 E.8. T,
on Qctober 19, 1944,

T44415—471—1

appeared at 30,000 feet southwest of Bermuda. It
apparently formed in the trailing southerly portion of the
trough associated with the northeastward-moving surface
cyclone. On October 4, this upper-level low started
moving westward, and.on October 5, it was located over
Georgia and the Carolinas. As it approached the merid-
ian of the tropical surface low in Guatemala, the latter
began moving northeastward and intensifying. Through-
out this period the anticyclone over the central United
States had successfully glocked all cyclonic intrusions
from the west.

The circulation in the tropical low did not become sys-
tematic until it started northeastward on the afternoon
of October 5. As the low advanced into the Caribbean
late on that date, traveling at 18-20 m. p. h., it was still
weak and its center poorly defined. Between 0130 and
0730 E. S. T., on October 6, however, the movement
slackened to about 12 m. p. h., while the central pressure
fell from 1,005 mb. to approximately 993 mb. In this
6-hour period, the low became a circula1 storm with winds
of 50 m. p. h., or more. Eight hours later, on the after-
noon of October 6, winds of full hurricane force had been
measured by both aircraft and surface vessels.

It is difficult to account for the rapid deepening of the
storm. Tropical ¢yclones forming over Central America
at this season generally develop more gradually. Winds-
aloft reports were available over the region up to 16,000
feet, but these provided no satisfactory means of de-
termining or measuring horizontal divergence patterns
over the storm area. Some contribution to the storm’s
deepening may have been supplied by the operation of the
following factors, which were present when the process
took place:

(a) Prior to the deepening, cyclonic circulation, or
strong cyclonic shear, had been established to high eleva-
tions over the incipient surface cyclone.?

(b) The surface low-pressure system moved out over
water at the time of maximum normal diurnal convective
activity as well as at the time of the large tropical secon-
dary maximum diurnal pressure fall.

(¢) The isallobaric conditions associated with the in-
cipient storm may have been reinforced by those of the
upper-air low pressure system as the latter moved west-
ward from the Atlantic over the southeastern United
States. -

MOVEMENT AND STEERING PRINCIPLES

The steering principles ordinarily used in forecasting
the direction of movement of tropical cyclones were not
easily applied in the case of this storm, since both the field

! In an unpublished paper, “Notes for Guidance of Hurricane Foreeasters,” W. R.
Stevens points out that the development of the surface eirculation in eyclones forming
in the southwestern portion of the Sul{ of Mexico is preceded 48 to 72 hours by cyclonic
cirenlation at 5,000 feet or higher.
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of motion- and the mean temperature conditions associ-
ated with warm-tongue steering (1) were in this instance
difficult to analyze. The presence north of the hurricane
of the cold-core low pressure system aloft, which had
moved into the southeastern United States from the At-
lantic Ocean, tended to complicate the upper-air analyses.
The circulation of both the cold low. and the hurricane
extended to high elevations, and it was difficult, with only
the rawin data from Miami and Havana available near
the storm, to determine the appropriate steering level.
Studies made subsequent to the storm’s occurrence indi-
cate that it moved parallel to the winds circulating around
the upper cold low to the north and not parallel to the

- i
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F1eURE 1.—Path of the hurricane, October 6-8, 1946.
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axis of the trough extending from this upper low center to
the hurricane vortex. Warm-tongue steering patterns
were not well defined in the mean temperatures between
700 and 500 mb., because of the initial presence of & tongue
‘of relatively cold air over the southern United States ap-
-parently associated with the cold low. This tongue of
‘cold air receded slowly northward along the path of the
hurricane. Because of its orientation, the axis of the
warm tongue associated with the hurricane could not be
located with assurance.

The path of the storm following its development into
a major disturbance is shown in Figure 1. The hurricane
moved slowly northward at a speed of about 12 m. p. h,,
until it crossed Cuba. It then began a gradual accelera-
tion to 18 m. p. h., and this speed in turn increased
sharply to about 33 m. p. h., when the storm moved in-
land over Tampa. As it traveled northward into Georgia
a strong high pressure system to the north arrested
this rapid motion. It tgen turned slowly eastward

MONTHLY WEATHER REVIEW

APrIL 1947

out- over the Atlantic. Considering the strong wind
movement at all elevations indicated by rawin observa-
tions ® taken at Miami and Havana during its approach
and passage, it is puzzling why the storm did not accelerate
more rapidly northward before reaching the Florida pen-
insula. ~Another apparently anomalous feature of the
storm movement is the fact that the greatest filling oc-
curred over water just prior to the greatest acceleration.
As the storm passed inland and its speed of movement
increased from 18 to 33 m. p. h., the filling stopped
abruptly and deepening at & slow rate ensued, as will be
discussed later.

STRUCTURE OF THE STOEM

A number of regular and special radiosonde releases
were made at stations under the influence of this hurri-
cane. One instrument was released at Tampa at 0100
E. S. T., October 8, while that station was in the eye of
the storm, and a creditable record was obtained through-
out the tropospheric column. This sounding, the other
Tampsa eye sounding taken .during the passage of the
similar, though more severe, hurricane of October 1944,

and' the sounding data obtained from stations in each of

the four quadrants of the 1946 storm permitted a more
thoroughgoing examination of the thermal structure of
hurricanes than had previously been possible. -

One means by which the distributions of pressure and
temperature in tropical storm vortices may be studied is
the pressure anomaly cross section, in which the anomaly
is computed from a subtropical standard atmosphere base

T ‘Wind observations made by means of radio direetion-finding equipmént,

MBS,
80 T .
: -t i '
100 — : : ‘
N H H :
128 — - 1 ' . :
156 T i i : !
175 S H : HE i
: + q T :
200 T DN : :
H \ : H
250 e ' H :
: ~\\ i
300 i E ;
250 i \ v
400 i I e
4
' : . ! : H ; :
-80* -gor 70° -e0* -50+ ~age -30% -20¢ -1
400 - T T
4
r,
N \
450 TR
v .'-.. 4 " i
I | i |
00 H -‘-\.' : : £
+ -
i N T 0
v \, ' . :
: Y : : (o
550 : s :
GCTOBER - CCTOHER 8
T LA QI00 E
! 1600 € % {IN THE EYE OF THE STORM)
600 S 5 . ¢ - T
i oCTOBER 5 |" H
: e AN N ||
650 : 0490 5 : :
; : =N \ :
H S H
100 . t Y \ :
' 1 1 [EA "
' 1 1 1 S \ H
750 : L e -
' : 1 IRTAY H
so0 i ' ' H. B H
5 : CERE P VR €
AT
B850 i = \‘ } '
. N Y H i
900 L) - -
' L
980 i
AN
1000 ; 1 :
MBS H i '
-40" =30 -20° -10* oog) (- 20 30 40

FI1GUEE 2.—Soundings made at Tampa during the approach and passage of the hurricane.



55

(Aruuous eanssaad Jo sonea pOYR[OdBIIXD "SOUI] POYSHY LAY ‘mfx/ s ‘0jjur Supxim sy paytoc]) wdurdd, o) A[Emous ainssand o 53%» S50 SUILT,—"§ BUADLT

was made approximately
pressure was recorded and
the somewhat poorly defined
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+4 Previous experiences of ti:e author in daily analyses of pressure anomaly cross sections
in the tropics have indicated that diurnal variations in the middle and upper troposphers

tend to diminish in emplitude over regions of widespread cloudiness,

2) instead of the U

connection with altimeter corrections (3).
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and time cross sections were constructed in the analysis

of this 1946 storm,
below were well marked on each type of cross section,

despite the influence of diurnal varia
been present in the time cross sections.*
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decidedly warmer at all levels from the surface to approxi-
mately 32,000 feet than the air columns at approximately
160 and 340 miles from the center, and slightly colder
thereabove. From Figure 4, however, it can be seen that
the horizontal temperature gradients represented in
Figure 2 by soundings in the eye of the storm and at 9 and
12 hours distant from the eye are not truly representative
of temperature gradients immediately adjacent to the
eye. The sequence of 3-hourly soundings near the eye
indicates that warmest temperatures occur along the
axis of lowest pressure from the surface to about 15,000
feet, and in advance of this axis from 15,000 to 30,000
feet. The low thus undergoes & {ransition from the warm-
core type to the cold-core type in this mid-tropospheric
region. This transition is also apparent in the pressure
anomaly cross section of Figure 3. In this figure, the
axis of the low pressure center appears to be truly vertical
only in the lower troposphere up to 12,000 to 15,000 feet.
In the layer from 15,000 to 20,000 feet, the low-pressure
axis seems to be tilted slightly to the rear, or away from
the direction of motion. At 25,000 feet the core is dis-
placed approximately 100 miles south of the surface center.
Above this level the core assumes & forward inclination
until at 40,000 feet it is located about 100 miles north of
the surface center.® The upper portion of the core seems
to be associated in some way with an upper trough of
low pressure located at some distance in advance of the
storm vortex. The area.between this trough and the
lower storm vortex is characterized by relatively high
pressure and warm, dry air. A similar region of warm,
dry air seems to be present at the rear of the storm,
giving the impression that the vortex may be surrounded
by an annular ring of such air. These features are vir-
tually identical with those exhibited by the soundings
made at Tamps during the approach and passage of the
hurricane of October 1944.

Airplane reconnaissance reports of the hurricane were
examined carefully for significant temperature changes or
trends. Because of frequent changes in elevation during
the reconnaissance flights it was difficult in most instances
to draw definite conclusions, but two flights did yield
noteworthy information.

On October 6, a plane entered the northwest quadrant
of the hurricane and descended from.1,900 to 600 feet,
over 8 distance of approximately 100 miles, without
registering a change in temperature. The plane then
remained at an altitude of 600 feet and entered the eye
of the storm, circling to the position of lowest pressure.
From a point at the very edge of the eye to the position
of lowest pressure, the temperature rose 4° C. Con-
versely, as the plane circled out of the eye into the north-
east quadrant, the temperature decreased by an equal
amount. At this time the eye, though not well defined,
was reported to be approximately 60 miles in diameter.

Almost exactly 24 %ours later, on October 7, another
plane entered the eye at 500 feet and circled to the point

of lowest pressure without recording any distinguishable

change in temperature. The temperature of the entire
storm core at 500 feet was reported to be approximately
the same as that measured the previous day at 600 feet
and at the point of lowest pressure.
Wind Structure.—Two rawin reporting stations, Miami
and Havana, obtained data extending consistently to
§ The radiozonde flights at Tampa were made with conventional receiving equipment
rather ithan the more recently developed SCR-857 direction-finding equipment.: It was
impossible, therefore, to determine the exact path of the balloon, or to state with assurance
that it remained in the eye of the storm thronghout the ﬁi%h:, or that it left the eve at

any one point. ‘To this extent the verticals upon which the data from esch sounding
have been plotted may not be truly so. Consequently, the tilt of the storm axis may be

somewhat different from that here represented. It is not likely that deviation from-

vartical ascent during the 60 to 70 minutes reguired for the flight would exceed the dis-
tance of the time axis separating adjacent 2-hourly soundings.
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high elevations during the progress of this storm.
Although several other stations took pilot balloon obser-
vations as frequently as possible, these were mostly of
short duration%eca.use of clouds at low elevations. Con-
siderable wind information was contributed by the recon-
naissance airplanes, but because of inconsistencies of wind
speeds reported by airplanes reaching the same point in
8 storm sector within several hours of one another, it was
felt that these reports were of greater value in locating
the storm center than in determining the variation of
wind laterally from the center or the variation with
height.

The following is a summary of observed wind variations
in the hurricane vortex: As the storm approached Cuba,
the Havana rawin observation indicated a slow decrease
of wind speed with elevation up to 30,000 feet, with some
increases in speed above that level. As the storm
approached Miami, which was never closer than 150
miles to the center, the wind above 2,000 feet reached its
maximum speed at about 6,000 feet; slowly decreased with
elevation to sbout 10,000 feet; and gradually increased
again with elevation. This variation was accompanied
by a gradual veering from southeast to east up to 10,000
feet and backing higher aloft to southwest at 30,000
feet. As the storm moved away from Miami, the wind
remained uniform to 15,000 feet, increasing slowly with
elevation higher aloft. From 2,000-6,000 feet, the wind
veered from south to southwest, then slowly backed
above that level to south again at 25,000 feet. On
October 7, an Army B-29 airplane left West Palm Beach,
Fla., on a reconnaissance flight over the top of the hurri-
cane weather. Approaching the storm center from an
elevation of 30,000 feet, this airplane reported winds
estimated to be “100 m. p. h., shifting rapidly.”

Analysis of the high-level patterns was complicated by

_the presence north of the hurricane of the cold low which

had moved in over Georgia and the Carolinas from the
Atlantic. The outermost closed isobars of this pressure
system ~extended southward, enclosing the hurricane
center-at levels above 20,000 feet. At lower levels up to
10,000 feet evidences persisted of the shear line previously
mentioned, or the trough- associated with the shear line.
The result was that the outer isobars of the storm eircu-
lation seemed to contain a slight wind discontinuity in the
northeast quadrant. This discontinuity continued until
the afternoon of October 7, when the storm circulation
encompassed the entire Florida peninsula.

After the storm crossed Cuba, strong cross-isobar flow
toward lower pressure was noted at Florida stations in the
forward quadrants. This flow was so pronounced during
the morning of October 7, that the center seemed to be
displaced much farther eastward than the pressure data
would allow. The flow became more circular at midday
and remained so until late afternoon when winds at Florida
stations directly ahead and to the left of the advancing
storm center assumed an angle of more than 45 degrees
to the isobars. Insofar as the available observations
indicate, the winds in other quadrants were not directed
across the isobars in an unusual manner. As the hwri-
cane moved into the Florida peninsula at Tamps on the
night of October 7-8, the heaviest rainfall occurred in the
left front quadrant. This circumstance would imply that
at low levels the greatest horizontal convergence must
have occurred in the left front quadrant. 'The rainfall at
stations in that quadrant amounted to 5-7 inches, most
of which fell during heavy thunderstorms occurring
several hours before the passage of the storm center.

The band of winds of hurricane force around the storm
center probably never exceeded 50 miles in width, although
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roduced a poorly defined and relatively flat center of gradually decreasing from 40-50 m. p. h. down to 1

winds of gale force extended outward several hundred
miles in the northern semicircle of the storm, and the
diameter of the storm circulation ranged up to 750 miles.
As the storm moved inland on the Florida coast, 8 remark-
expanded to engulf virtually all of the area previously

area of relative calm became poorly define

able transition took place near its center.
covered by the hurricane-force winds.
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without even a relative calm. Other stations reported
complete calm for as long as 1 hour, although none re-
ported a rapid transition from near-hurricane-force winds
to relative calm. As the storm moved across Florida,
surface winds were in general considerably subgradient
within 100 miles of the center. A short distance above
the surface, however, there seemed to be little disruption
of hurricane-force winds near the center. At their times
of lowest pressure, several stations reported rapidly mov-
ing low clouds, though surface winds were only fresh.
One observer stated that while small trees were being
gently swayed at the peak of the storm, the tops of taller
pines in the same field were being violently twisted and
sheared.

The sharp reduction of wind speed at the surface would
be more easily understandable if rapid filling had followed
the storm’s passage inland. Some preliminary filling did
occur: the central pressure was reported by a reconnais-
sance airplane as 978.7 mb., at 1630 E. S. T, on October 7;
by Cortez Beach, as 980.4 mb., at 2230 E. S. T., on
October 7; and by Tampa, as 986.8 mb., at 0030 E. S. T.,
on October 8 This tendency toward filling did not
continue, however, but ceased abruptly when the center
moved farther inland. Oecala, located about 90 miles
north-northwest of Tampea, reported 986.1 mb., at 0315
E. 8. T., on October 8. In view of these facts, the rapid
dissipation of the band of hurricane-force winds as the
storm moved inland remains one or its most unusual and
puzzling features. _

Cloud Structure—An abundance of cloud date was
obtained from airplane reconnaissance, including the
observations made by the B-29 airplane which took off
from West Palm Beach on October 7, and flew over the
storm at-elevations ranging from 20,000 to 33,000 feet.
Summarization and reconstruction of the data from
numerous flights made into the storm revealed the follow-
ing features which seem to be characteristic of this
hurricane:

(@) The cirrostratus and altostratus emerging from the
storm apparently extended farthest in the direction of
storm movement. On the western periphery of the storm
the cirrostratus did not extend beyond the wall of low
cloudiness.

(b) The cirrostratus and altostratus cloudiness extend-
ing ahead in the direction of storm movement merged into
numerous squalls and shower activity 250 to 300 miles in
advance of the storm center. Between this area of showers
and the wall of nimbostratus which marked the region of
intense storm circulation remarkably little lower cloudi-
ness was present. The base of the cirrostratus and alto-
stratus overcast over this area lowered in the direction
of the storm center at the rate of approximately 2,000
feet per 100 miles until it merged in the wall of nimbo-
stratus sometimes referred to as the bar of the storm.®

(¢) In the region of hurricane-force winds, ceilings
remained well above 500 feet, and the ocean was obscured
only in the heaviest rain.

¢ It is of interest to note that the area of squalls ahead of the storm coincides with the
position of the anomaly trough aloft (at 0400 E. 8. T., on October 7) on the pressure
anomaly eross section of Figure 3, This region of precursory showers and squalls has

been observed in connection with similar anomaly troughs aloft in at least three other
hurricanes for which sufficient dats were available.
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(@) The eye of the storm was never cloudless, although
lower cloudiness was seldom present in sufficient amounts
to constitute a ceiling. The wall of clouds surrounding
the eye was very nearly vertical, with varying coverages
of altostratus and cirrostratus over the top. While the
storm was still developing on October 6, the eye was about
60 miles in diameter. Winds did not diminish suddenly
as the eye was entered, but graduelly fell off from Beaufort
force 7 at the outer fringes to force 1 at the point of
lowest pressure. At this stage in the storm’s develop-
ment there was no solid wall of Jow and middle clouds at
the southern edge of the eye. Only scattered low fracto-
stratus clouds were reported visible southward of the
southern edge of the eye. Cn October 7, airplane reports
described 8 solid wall of low clouds surrounding a well-
defined eye, considerably smaller than reported on the
previous day. After passing over Cubsa the eye became
elongated in the direction of movement. This fact was
verified by actual reconnaissance and by radar measure-
ments.

(e) Reports from the B-29 airplane flicht on October
7, indicate that cumulonimbus towers rose well above
the ceiling of the plane near the outer edge of the eye of
the storm, with the tops of the clouds forming the overcast
in the eye near 20,000 feet. The plane encountered some
icing at 20,000 feet in the active storm circulation. No
heavy or dangerous turbulence was encountered at any
time during the B-29 airplane flight, although a noticeable
transition into smoother air was detectable 2s the plane
passed over the eye. The surface center was easily
located by radar from flight level near 30,000 feet. Navi-
gation was rendered difficult by extreme radio interfer-
ence from precipitation static, and all radio direction-
finding aids, including Loran, proved ineffective near the
storm center. It was impossible to maintain radio con-
tact with ground stations.
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