
March 1967 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. 

1954 ................................. ..... ...... 1 5 8 16 
1955 4 22 2s 2 
1956 ...................................... 1 9 2 ..... 3 
1957 3 19 
1958 ........................................... ........... 14 16 5 
1959 ................................. 1 2 ..... 10 11 ........... 
1960 ...................................... ................ 4 2 13 
1961 ...................................... 4 ..... ‘35 9 1 
1962 ........................................... ...... ........... 1 10 
1963 ............................ .......... ........... .-..: 11 7 23 
1964 ........................................... ........... 7 33 6 
1965 ........................................... 6 *21 3 ........... 
1966 ................................. 7 8 9 11 10 5 

Total ... 4 ..................... 12 19 86 203 95 9 

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

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

_-__ ---_--_- 
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Dec. Total 

1 31 
56 

..... 15 
22 
35 
24 
19 

..... 49 
11 
41 
46 
30 

..... 50 

1 429 
-- 
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THE HURRICANE SEASON OF 1966 

ARNOLD L. SUGG* 

National Hurricane Center, US. Weather Bureau Office, Miami, Florida 

1. GENERAL SUMMARY ward in the United States in September (Green [4]), but 
I 

The 1966 hurricane season began early and ended late. 
While the number of storms was only slightly above 
normal, hurricane days totalled 50, well above the yearly 
average of 33 and the second highest of record tabulated 
since 1954 (table 1). Hurricane days for June and 
November exceeded the previous 12-y ear totals. Except 
for a late May-early June hurricane in 1825, Alma, the 
first tropical cyclone of the 1966 season, made landfall 
in the United States earlier in the season than any other 
hurricane of record. Faith and Inez were tracked over 
very long distances (fig. 1). The 65 advisories on Inez 
were the most ever issued for a hurricane and the total of 
151 bulletins and advisories also exceeded previous advices 
on a hurricane. The unusual path of Inez made her the 
first single storm of record to  affect the West Indies, the 
Bahamas, Florida, and Mexico. She was also the first of 
record, so late in the season, to cross the entire Gulf of 
Mexico without recurvature. 

The season continued active through July. Since 1871, 
there have been only t h e e  other years when the fifth 
tropica.1 cyclone developed as early as July. These were 
1933 (fifth tropical cyclone on July 25, total of 21 cyclones), 
1936 (July 27, 16 cyclones), and 1959 (July 22, 11 
cyclones). 

According to Wagner [14], the June 700-mb. heights 
were below normal over the southeastern Gulf of Mexico 
and the western Caribbean and above normal from the 
Great Lakes eastward into the central Atlantic. This 
pattern corresponded fairly well to  Ballenzweig’s 121 
composite charts for maximum tropical cyclone incidence 
for North America. Hurricane Alma and a tropical 
depression formed in the northwestern Caribbean during 
the month. There were four tropical cyclones in July, 
but circulation patterns, as depicted by Posey 181, were 
not considered ideal or favorable for such an active 
month. The anomaly charts by Andrews [l] show that 
the unfavorable circulation persisted in August,, when only 
one hurricane formed. The westerlies dipped far south- 

*Fortions of this article are hased upon iudividual storm accounts or oliicial tracks 
prepared by G .  B. Clark, C:. E. l h n n ,  1’. J. I-Iebert, E. C .  Hill, R. 1I. Kraft, P .  L. Moore, 
J. M. Pelissier, J .  G. Taylor, and C 11’. Wise of the Miami Weather Bureau offlce. Other 
contributors were W. C. Conuor of the New Orleans Weather Bureau office; J. A .  Colbn 
and €1. Iloose of the San Juan Weather Bureau office; and R. C.  Schmidt and E.  W. 
Uoover of the Washington Weather Bureau office. 
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Deaths 

Honduras 73 
Cuba 11 

0 
0 
0 
0 
n 
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TABLE 2.-Estimated damages and casualties, hurricane season 1966 

Damages 

Unknown 
$2oo,000,OOO 

0 
0 
0 
0 
n 
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Date 
United States 

I 
I storm I 
I I Deaths I 

$10, ooo, OOO 
5 4  OOO 

loo, OOO 
0 
0 
0 
0 
0 
0 
0 
0 

4 004 ooo 
0 

H=hurricane. T=tropical storm. TD=tropical depression. 

other damage figures for selected hurricanes of recent 
years. The reader is referred to that paper for comparative 
damage figures and to table 2 of this paper for a break- 
down of casualty and damage figures for the 1966 season. 

The first sounding within the eye of a hurricane was 
taken at  Tampa, Fla., on October 19, 1944 a t  1030 GMT 
and was analyzed by Riehl [9]. One of his main con- 
clusions was that the tropopause was higher above the 
eye than over the surrounding area. A more detailed 
analysis was made by Simpson [lo] on a second eye 
sounding, also made at  Tampa, on October 8, 1946 a t  
0600 GMT. Although tropopause data were lacking, 
Simpson found other features virtually identical with the 
sounding taken in 1944. A third sounding in an eye was 
made on August 9, 1963 at 1600 GMT as hurricane Arlene 
moved over Bermuda. According to Stear [12], there was 
a definite rise in the height of the tropopause over the 
eye. There were other features which were in good agree- 
ment with Riehl’s model of a mature hurricane. Figure 
2 gives a plot of the Inez eye sounding made a t  Boca 
Chica, Fla. on October 5, 1955 at 0200 GMT; also shown 
are the hurricane Arlene eye sounding, the one takenat 
Tampa in 1946, and a plot giving Jordan’s [5] mean eye 
sounding, from dropsonde data, for hurricanes of mod- 
erate intensity. Since tropopause heights before and 
after the eye sounding (not shown, but 108 and 110 mb., 
respectively) were higher than the last point observed 
on the Inez eye observation, no conclusion can be drawn 
about how the tropopause height varied as Inez approached 
and moved over Boca Chica. 

4. INDIVIDUAL HURRICANES 
HURRICANE ALMA, JUNE 4-14.-During the early 

days of June, a trough in the westerlies moved across the 
southeastern United States and extended deep into the 
Tropics. That portion from about Florida northward 
fractured from the southern extremity, leaving a closed 
Low near Cape Gracias on June 3. The circulation 
developed downward from the middle t,roposphere to the 
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surface over Nicaragua and Honduras on the morning of 
the 4th. At this point it was recognized that there was 
a definite threat of in tensifka tion, and air reconnaissance 
was scheduled for the following day. On the morning of 
the 5th, the plane found a tropical depression of 1006 mb. 
(29.71 in.) over the Gulf of Honduras. 

Heavy rains had been occuring over Central America 
(mainly in Nicaragua, Honduras, and Swan Island) for 
several days. On the night of June 5,  the town of San 
Rafael, Honduras, reported 30.00 in. of rain, resulting in 
73 deaths-the town was virtually destroyed. It is 
quite possible that this was a rather local rain-burst and 
was probably on the periphery of the circulation. None- 
theless, it probably would not have occurred had the 
synoptic feature not existed and for this reason the 
heavy rains and subsequent tragedy should be attributed 
to Alma. 

By June 6, Alma had intensified to hurricane strength. 
The rather rapid intensification can be attributed to a 
number of things including the well developed and deep 
circulation, the warm waters, abundant rainfall, and a 
good outflow in the higher atmosphere. Even though 
the trough a t  500 mb. had moved eastward into the 
Atlantic, there remained a good southwesterly jet at  
200 mb. from the Yucatan Channel across western Cuba 
and southern Florida. It appears that the jet provided 
the necessary outflow mechanism and was most important 
in the deepening process. 

Alma moved slowly during June 7 but was accelerating 
and threatening western Cuba by early morning of the 
8th. The hurricane passed over the Isle of Pines, and 
winds reached 110 m.p.h. a t  the Institute of Meteorology 
in Havana. The barometer fell to 979.7 mb. (28.93 in.) 
in Havana. Considerable structural damage and loss of 
crops were incurred over western Cuba. 

The hurricane passed between Dry Tortugas and Key 
West, and damage to the lower Keys was estimated at  
one-third million dollars. The pressure was 970.2 mb. 
(28.65 in.) at Dry Tortugas. This was the lowest baro- 
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FIGURE 2.-Soundings made within the hurricane eye. 
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Low 
___. 

metric reading at  a land station during the hurricane's 
history. Air reconnaissance reported the same pressure 
over water in the northeastern Gulf of Mexico the next 
morning; however, some weakening occurred just before 
landfall in the Apalachee Bay area. The highest wind 
speed, 125 m.p.h., was also recorded at  Dry Tortugas. 

Alma's track through the eastern Gulf of Mexico was 
generally a little west of due north and is explained by 
the formation of an upper cyclone in the extreme northerp 
Gulf. The steering around this cyclone directed the 
hurricane into a slight turn away from the Tampa Bay 

Time (EST) 

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

area and allowed the center to  move almost parallel to 
the Florida west coast. This event was not entirely 
unanticipated since it was reflected in the early morning 
forecast of June 8. 

Although sea surface temperature data were not 
plentiful, those that were recorded in the Gulf during the 
hurricane indicate that Alma did not seek out the warmest 
waters. Temperatures in the Lower Keys ranged from 
3 O  to 7 O  F. lower than those off Miami Beach and those 
reported in the vicinity of 25' N., 84' W. 

Hurricane force winds decreased to gales over northern 

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

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

SE 60 

TABLE a.-Hurricane Alma, Meteorological Data, June 4-13, 1966 
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Florida and southern Georgia but the storm regained 
hurricane status for about 18 hours off Cape Hatteras. 
Cold waters north of this area and colder and drier air 
from the mainland finally reduced Alma to an extratropical 
storm about midday on the 13th. 

Hurricane warnings were displayed in the Florida Keys 
and along the Florida west coast to Apalachicola in plenty 
of time for adequate preparation against winds and tides. 
Interests in western Cuba were advised to take necessary 
precautions against the hurricane 24 hours prior to the 
onset of high winds. 

Besides the structural damage in the Lower Keys and 
in West Florida, the mango crop in the southwestern 
portion of the State and the grapefruit crop around 
Pinellas County were hard hit. The wind caused con- 
siderable damage to tobacco in northern Florida. Tides 
were variable on the west coast, ranging up to 10 ft. above 
normal. Highest were in the, New Port Richey, Red 
Level (near Crystal River) , and Cedar Key areas. A large 
portion of Cedar Key was inundated. 

There were nine tornadoes associated with the hurricane 
although some of these must be considered only funnel 
clouds or waterspouts. There were two in Miami, three 
in Sarasota, one in Jacksonville, two in Marianna (all in 
Florida), and one on the Island of Cayman Brac, south 
of Cuba. No deaths are attributed to the tornadoes nor 
was there any good evidence of any significant amount of 
damage along the tornado paths. Heart attacks (2), 
drownings ( 2 ) ,  and electrocutions (2 )  were the causes of 
the deaths in Florida. 

Even though the path of hurricane Alma, during the 
most critical times, was fairly straight, the forecasting 
problems were not easy. For one thing, high-level 
steering would have taken the hurricane northeastward 
from western Cuba; this would have presented a consider- 
ably different warning situation than that which material- 
ized. It is not known why Alma did not follow the 
high-level southwesterlies over southern Florida but did 
appear to  react later t o  the circulation of the high-level 
cyclone in the extreme northern Gulf. Secondly, the 
eye was large, ragged, and ill-defined, and seemed to be 
constantly changing shape. Not only is this difficult for 
the radar observer but makes the short-term forecasting 
anything but easy, especially with the center so close to 
land. For the most part, the eye was from 30 to 65 n. 
mi. in diameter and there was considerable evidence of 
some slope in the vertical. This was noticed in the Gulf 
as well as along the Georgia and South Carolina coasts. 
Thirdly, a path parallel to a coastline always presents 
problems, particularly in storm surge estimates and 
evacuation advices. See table 3 for pertinent meteor- 
ological data. 

weak tropical depression formed over the northwestern 
Caribbean Sea on June 28. During the succeeding four 
days it moved slowly northward, crossed Cuba, passed 
along the west coast of Florida and moved inland near 
Cross City, then turned nort>heastward and finally dis- 

TROPICAL DEPRESSION, JUKE 3OJULY 2.-A 

sipated over southeastern Georgia late on July 2 .  Winds 
associated with this depression did not reach tropical 
storm speeds. However, the storm attracted considerable 
attention because its track closely followed that of hur- 
ricane Alma, the tropical cyclone which had preceded 
it by about three weeks. 

Throughout the life of this depression its center re- 
mained poorly defined; radar reports showed no evidence 
of an eye or a wall cloud formation. I ts  closed cyclonic 
wind circulation extended outward about 200 mi. from 
the main center of rotation. Around the outer periphery 
of the cyclone the wind field was well organized, a t  least 
in the northeastern semicircle, with speeds of 10 to  20 
m.p.h. Within the central area, winds were very light 
and two or more smaller cyclones were evident in both 
wind and pressure fields. Except for a few hours during 
its passage across Cuba, the northeasternmost of these 
subcyclones appeared to  be the dominant one. Its rate 
of movement was approximately 8 m.p.h., except during 
a 6-hour period when it remained almost stationary near 
St. Petersburg. 

Winds associated with this depression were generally 
less than 25 m.p.h., except in brief squalls. However, an 
apparent tornado touched down at Palm Beach Airport 
and destroyed two aircraft. Another tornado was 
reported near Vero Beach and heavy thundershowers 
occurred over most of Florida and the southern parts of 
Georgia and Alabama. During the passage of the de- 
pression approximately 10 in. of rain were recorded a t  
Everglades City, near the southern tip of the Florida 
peninsula, and at Jacksonville; but 2 to 4 in. were more 
representative for most parts of Florida. 

Roadway damage in the Jacksonville area was estimated 
at  $50,000. However, there were some compensating 
factors in other areas. Beneficial rains fell in South 
Carolina. 

Since this cyclone and the one which intensified and 
became hurricane Alma both formed in the same region 
during the same month and followed almost identical 
tracks, they might provide valuable material for a case 
study on the mechanics of tropical storm development. 

HURRICANE BECKY, JULY 1-3.-Becky de- 
veloped a t  an unusually high latitude. The initial de- 
pression appeared some 300 miles southeast of Bermuda 
on July 1. A cloud area photographed by the ESSA 2 
satellite at about 1200 GMT on that date showed evidence 
of a spiral structure near the incipient storm. The system 
moved northeastward under an upper-level trough and 
intensified to storm intensity by early the next day. 
At 1545 GMT the M. S. Johannes Russ (log received later) 
passed through the center and observed a minimum pres- 
sure of 985 mb. (29.09 in.). The ship experienced 
winds of hurricane force for about one-half hour. 

On July 3 the hurricane began to move northwestward 
under the influence of a cold Low which formed in the 
upper trough. As it moved over the colder waters south 
of Newfoundland it rapidly weakened and lost its tropical 
characteristics. 



March 1967 Arnold L. Sugg 137 

Becky did not strike any land area and there were no 
reported casualties or losses to shipping. 

HURRICANE CELIA, JULY 13-21.-Celia formed 
some 200 mi. northeast of the Leeward Islands on July 
13. Ship reports indicated winds up to 40 m.p.h. and evi- 
dence of a circulation center near 19" N., 59.5"W. a t  1200 
GMT. There had been earlier indications of disturbed 
weather in the area near and to the east and southeast 
of this point, but no history of a well-defined easterly 
wave or other synoptic feature. On the afternoon of the 
13th, reconnaissance aircraft located a poorly defined 
cloud eye 40 mi. in diameter with maximum winds of 
46 m.p.h. The storm moved f i s t  toward the north- 
west, then on a west-northwesterly course with little 
change in intensity through July 14. The following 
morning, reconnaissance data indicated that Celia had 
degenerated into an area of showers with winds less than 
35 m.p.h. There were no significant effects in the Lesser 
Antilles during the passage of the storm to the north. 

Five days later, Celia developed on the southwestern 
edge of a cloud mass some 3" in diameter as indicated by 
ESSA 2 and Nimbus satellite photographs. This cloud 
area had persisted although without evidence of a storm 
circulation, after Celia's dissipation on July 15. The 
area could be followed, along with a minor perturbation 
in the low-level flow, to  the vicinity of the northwestern 
Bahamas and then northeastward on the 19th. At 0100 
GMT, July 20, a ship located under the southwestern 
edge of this cloud mass reported squalls to 43 m.p.h. 
Intensification proceeded rapidly, and when reconnais- 
sance aircraft reached the area early on the morning of 
July 20, winds of 80 m.p.h. and a central pressure of 997 
mb. (29.44 in.) were observed. The hurricane maintained 
this intensity as it raced north-northeastward a t  forward 
speeds up to 45 m.p.h. in advance of a frontal trough 
moving off the eastern coast of the United States. Celia 
finally began to weaken and lose tropical characteristics 
just before reaching western Newfoundland where it 
moved inland on the afternoon of July 21, accompanied 
by squalls of 45 m.p.h., then continued northward to 
merge with the frontal system over Labrador. 

No casualties or damages were reported in connection 
with Celia. 

HURRICANE DOROTHY, JULY 22-31 .-Dorothy 
developed as a tropical storm near 32' N., 42' W. on 
July 23. Several ships in the area reported heavy rain 
and rough seas with winds as high as 58 m.p.h. A photo- 
graph from the ESSA 1 satellite revealed a dramatic spiral 
cloud pattern on this date where only a small isolated 
area of clouds with no apparent circulation existed on the 
previous day. 

Dorothy remained quasi-stationary for the next two 
days and intensified to hurricane strength late on the 24th. 
Finally the storm commenced a north-northeastward 
course on July 25. 

The lowest recorded pressure, 989 mb. (29.20 in.), was 
attained a t  1200 GMT on July 26. Dorothy's course con- 

tinued primarily northward with small east-west 
oscillations. 

On the 27th the track became more northeastward as 
the storm attained its maximum forward speed, about 
15 m.p.h. As Dorothy progressed farther north and 
passed over progressively colder water its strength grad- 
ually diminished. Finally, early on the 29th the hurri- 
cane decreased to tropical storm intensity. A t  this time 
its course was influenced by the circulation around 8 
massive cyclone which was moving eastward off the 
northeastern coast of the United States. Thus, on the 
30th, its northward speed increased and on the 31st, as 
the storm turned toward the northwest, it lost its tropical 
characteristics. The closest point the storm track came 
to land was about 400 mi. west of the western Azores. 
A more detailed and complete analysis of the development 
of hurricane Dorothy is given by Erickson [3] in this issue. 

TROPICAL STORM ELLA, JULY 22-28.4atellite 
pictures taken on July 22 and 23 appear to provide the 
best continuity prior to  the discovery of a large calm area 
noted by aircraft reconnaissance on the 24th. Since data 
were sparse during these three days, one can only say that 
development was slow and not unusual. Reconnaissance 
on the 25th and 26th indicated surface pressures no lower 
than 1008 mb. (29.77 in.). There was no visual cloud eye 
and organization was generally very poor. Indeed, a t  
times, the system resembled a strong decelerating easterly 
wave. There were never any good low-level inflow or 
high-level outflow patterns, and temperatures and temper- 
ature trends never really favored intensification. Ella 
dissipated east of the Bahamas on the 28th. No loss of 
life or damage can be attributed to the storm. 

TROPICAL DEPRESSION, JULY 24-27.-A weak 
tropical low moved west-northwestward across the Florida 
Peninsula and into the extreme northeastern Gulf of 
Mexico on July 24. By noon of the 25th, the rain pattern 
on coastal radars indicated a fairly well organized circula- 
tion. The Low crossed the southeastern Louisiana coast 
near Boothville about 0600 GMT on the 26th and continued 
very slowly westward, losing its identity in south-central 
Louisiana during the morning of the 27th. 

Heavy thunderstorms accompanied the Low along the 
southeastern Louisiana coastal area as the center moved 
inland. Satellite and radar pictures, taken while the 
center was near New Orleans, showed good similarity in 
the weather bands associated with it. Fishing activities 
were curtailed but no damages were reported. 

15.-Faith maintained hurricane intensity for a period of 
15 days while traveling a circuitous route around the 
southern, western, and northern periphery of the Bermuda 
high pressure system. With the advantages of hindsight, 
the system can be tracked in embryonic form from a 
position over Africa, near 8 O  N., 5" W., on August 18. 
A t  that time, there was only a poorly defined depression 
and a circular cloud mass as depicted by a TIROS Ix 
photograph. 

HURRICANE FAITH, AUGUST 21-SEPTEMBER 
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The insert map on figure 1 indicates an extension of 
the track' into the Arctic Ocean. The entire track of 
Faith represents one of the longest, if not the longest, 
hurricane track of record. 

Highest winds in Faith, while in the southwestern 
North Atlantic, were estimated at  120 m.p.h. The 
lowest pressure recorded during the hurricane's life 
history was 950 mb. (28.05 in.). The center of the 
hurricane passed within 25 mi. of St. Maarten, Leeward 
Islands. There were gale force winds in the northern 
islands of the Leewards, the Virgin Islands, and along the 
northern coast of Puerto Rico, but there was only minor 
damage reported. 

Prior to  reaching Scandinavia, Faith passed over the 
Faeroe Islands. There was no known loss of life on the 
Islands or in Scandinavia and only minor damage was 
reported, similar to the usual autumn storms. 

One crewman lost his life when high seas battered the 
Albert0 Benati in the western Atlantic, one person was 
missing and assumed drowned while abandoning a Nor- 
wegian ferryboat off the coast of Denmark, and two men 
were lost attempting to cross the Atlantic in a rowboat. 

The circulation which developed into Greta was first 
indicated by the weather report from the SS Sun Marcial 
and a cloud mass photographed by the Nimbus 2 satellite 
some 600 mi. east of Barbados on September 1. Air 
Force reconnaissance aircraft investigated the area the 
same day and found a circulation and an area of showers 
but no strong winds. The depression remained weak 
with maximum winds of about 35 m.p,h. as it moved 
northwestward during the next two days. Moderate 
intensification occurred on September 4 and Navy recon- 
naissance aircraft reports indicated maximum surface 
winds of 58 m.p.h. and a central pressure of 1004 mb. 
(29.65 in.), the lowest reported during the life of the 
storm. However, by the next day, the trend had reversed 
and reconnaissance aircraft reported that Greta mas very 
poorly organized. Highest reported surface winds were 
only about 35 m.p.h. in a few squalls. The system 
became even weaker as it continued northwestward to a 
point some 300 mi. northeast of the central Bahamas on 
September 7 and then turned northward. The cloud 
area associated with the dying surface circulation re- 
mained identifiable in satellite photographs through 
September 8 when it merged with a prefrontal cloud mass 
between the United States east coast and Bermuda. 

The intensity changes in Greta presented difficult 
forecasting problems. The storm acquired a warm core 
and mall cloud in a climatologically favored area for 
hurricane development, yet failed to  progress beyond the 
storm stage. On September 4, when the most active 
intensification occurred, the center had moved out from 
beneath an upper-tropospheric trough and under the 
southern portion of an upper-level anticyclone, a favorable 
factor for intensification from an empirical standpoint. 

TROPICAL STORM GRETA, SEPTEMBER 1-7.- 

1 Based upon communication with Dr. Olov Lowqvist of the  Swedish Meteorological 
Scrvice. 

In addition, at  this point, a trough extending southward 
from hurricane Faith to the area north of Greta had re- 
ceded, allowing the surface ridge to build and providing 
another favorable indication. However, the deepening 
failed to persist, and within 24 hours after reaching its 
maximum intensity, the system had weakened to a minor 
depression. A dropsonde at  0530 GMT, September 6, 
showed that the temperature in the center of the storm 
from the surface to above the 800-mb. level was about 
2" C. higher than the average for a weak hurricane and 
there was no front or source of cool or dry air in the 
vicinity. A possible clue to the weakening is the fact 
that the current in which the vortex was embedded was 
basically divergent. Surface wind reports indicated that 
there was no low-level inflow. Outflow apparently 
prevailed in the area of the depression during this period. 
It is interesting that both Celia and Ella lost tropical 
storm intensity in the same general area in July. 

Tropical Storm Greta did not affect any land area and 
resulted in no casualties or property losses. 

21.-A tropical depression located just to the south of a 
weakening stationary front in the extreme southwestern 
Gulf of Mexico developed into tropical storm Hallie on 
September 20. On the previous two days, ESSA 2 
satellite photographs indicated a large disorganized cloud 
mass in the southwestern Gulf merging into a frontal 
cloud band extending to the northeast. Early on the 
2Oth, shower activity along the Mexican coast from 
Tampico southward increased as a cut-off surface Low 
developed off the coast. At about the same time, satel- 
lite pictures revealed that the cloud pattern in the area 
was becoming dissociated from that of the front and 
showed evidence of a developing circulation. 

On the afternoon of the 20th, Navy reconnaissance 
reported that the central pressure had fallen to  997 mb. 
(29.44 in.) and that winds were 50 m.p.h. 

After remaining nearly stationary during this intensify- 
ing process, Hallie commenced a southwestward drift 
during the night. The Mexican coastal town of Nautla 
experienced gusts to  40 m.p.h. with heavy rain during 
the early morning hours and the pressure fell to 1002.4 mb. 
(29.60 in.) a t  1300 GMT September 21. 

As the storm entered the coast, relatively cool, dry air 
was introduced, and this, together with the frictional eff ec.t 
of the coastal hills, caused the storm to weaken rapidly. 
By 1600 GMT the pressure at  Nautla had risen. to  1010.5 
inb. (29.84 in.) and the wind and rain had subsided. 
Although the satellite photograph at  1522 GMT showed 
fairly good organization of the clouds, a reconnaissance 
flight could find little evidence of circulation. 

There were no reports of darnage or loss of life from the 
storm. 

11 .-Inez originated as a weak tropical depression moving 
off the west coast of Africa on the morning of September 
18. Genesis was determined on the basis of sparse land 
and ship reports and an ESSA 2 satellite photograph. For 

TROPICAL STORM HALLIE, SEPTEMBER 20- 

HURRICANE INEZ, SEPTEMBER 21-OCTOBER 
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the next three days the associated cloud mass was tracked 
west-southwestward with the aid of satellite pictures until 
the morning of the 21st at which time the cloud mass was 
centered near 10" N., 35" W. No satellite or ship informa- 
tion was received during the next 48 hours but on the 
morning of the 23d ESSA 2 and the Nimbus satellite 
pictures showed that the depression had moved west- 
northwestward to approximately 13" N., 45" W. A 
reconnaissance aircraft was able to  reach the area on the 
morning of the 24th and found that only slight intensifica- 
tion had taken place during the six days. By afternoon, 
significant intensification appeared underway and the 
first advisory on tropical storm Inez, located about 800 
mi. east of Martinique in the French West Indies, was 
issued. 

After reaching tropical storm intensity Inez took a more 
westerly course at  a somewhat slower forward speed and 
continued to intensify until the morning of the 26th when 
hurricane intensity was attained about 330 mi. east of 
Guadeloupe in the French West Indies. Inez continued 
on a west to  west-northwestward course while intensifying 
rapidly. This rather rapid intensification that occurred 
after Inez turned west-northwestward on the southwestern 
periphery of the subtropical high pressure ridge is in good 
agreement with climatology and studies by Miller [7] 
and others on intensification. 

The center of the hurricane moved almost directIy over 
Guadeloupe during the early afternoon of the 27th; winds 
of 80 m.p.h. were reported on the island before communi- 
cations failed. Reconnaissance aircraft during the morn- 
ing, however, had reported a central pressure of 961 mb. 
(28.38 in.) and maximum winds of 120 m.p.h. Inez was 
a small storm at this time with hurricane force winds 
extending outward only 50 mi. from the center. The 
central pressure increased to 970 mb. (28.64 in.) after the 
hurricane had passed over the Guadeloupe Islands where 
the contact between the circulation and the ocean surface 
was partially lost. 

As the center moved westward into the eastern Carib- 
bean Sea, Inez resumed intensification and by late after- 
noon on the 28th reached its lowest observed sea level 
pressure of 927 mb. (27.38 in.). Maximum surface 
winds were estimated to be 150 to 175 m.p.h. near the 
center. ESSA Research Flight Facility aircraft meas- 
ured winds of 197 m.p.h. at 8,000 ft., the highest speed 
ever recorded by the research aircraft. At this time the 
center was located about 160 mi. southwest of San Juan, 
Puerto Rico and 170 mi. southeast of Santo Domingo, 
Dominican Republic moving west about 16 m.p.h. The 
great danger to  the Barahona Peninsula of the Dominican 
Republic and to southern Haiti was emphasized in the 
hurricane advisories. 

The hurricane was under continuous surveillance by 
land-based radar in-Puerto Rico, with the eye visible for 
23 hours from 9:45 a.m. AST on the 27th to  8:45 a.m. AST 

on the 28th. This was mentioned frequently in advisories 
and bulletins in order to relieve uneasiness about any 
sudden change in course of this small but severe hurricane. 

Inez struck the Barahona Peninsula of the Dominican 
Republic shortly before noon AST on the 29th and con- 
tinued west-northwestward across the southwestern penin- 
sula of Haiti between 2 p.m. and 4 p.m. AST. The eye 
entered a t  a point east of Jacmel on the southern coast 
of Haiti and emerged near Leogane on the northern coast. 
Reconnaissance aircraft found a central pressure of 987 
mb. (29.15 in.) just west of Port au Prince, Haiti on the 
evening of the 29th. This was a rise of 60 mb. or 1.80 in. 
from the value reported just before the eye struck the 
Barahona Peninsula. 

After leaving Haiti, Inez continued northwestward 
toward eastern Cuba and struck Guantanamo City, a 
short distance west of Guantanamo Bay, on the morning 
of the 30th. Winds of 138 m.p.h. were reported as the 
center moved ashore. Therefore, rather rapid reintensi- 
fication must have taken place over the Windward 
Passage. 

Forecasting the future path of the hurricane became a 
real challenge as Inez moved over Cuba. The hurricane 
was influenced by the terrain of the island as well as by 
the synoptic steering currents. It appeared that Inez 
would recurve northwestward over eastern Cuba and 
then continue northward east of the United States 
mainland by breaking through a weakness in a high 
pressure ridge aloft to the north of the storm. The 
center of the storm became disorganized over the rugged 
terrain, however, and the weak steering currents were 
not sufficient to  allow the eye to  cross Cuba. Instead, it 
reorganized along the southern coast and moved slowly 
west-northwestward for about 36 hours, entering central 
Cuba just about due south of Miami. A slow northward 
movement of about 5 m.p.h. brought the center across cen- 
tral Cuba where it briefly lost hurricane force. Slow inten- 
sification occurred as Inez moved north-northeastward 
into the western Bahamas on tthe night of October 2 and 
morning of the 3d. A small tornado occurred in Nassau, 
Bahamas, on the 2d killing a 15-month-old child. This 
was the only tornado reported during Inez. Nassau had 
a peak gust of 64 m.p.h. and recorded nearly 15 in. of 
rain in the three-day period October 2-4. Although 
Nassau did not receive hurricane force winds as a part of 
the strong winds near the center of Inez, an anemometer 
in the vicinity of the tornado showed a rapid increase to 
over 100 m.p.h. in 10-15 sec. as the tornado approached. 
The highest wind reported in the Bahamas was 90 m.p.h. 
a t  West End, Grand Bahama. 

A t  this time the location of the center of Inez was in 
close proximity to  the position originally antic.ipated and 
forecast for it after recurvature. The delay of approxi- 
mately 24 hours caused by the reorganization of the eye 
along the southern coast of Cuba had allowed the weak 
pressure ridge to  the north to build. This came about 
by the extension northeastward of the warm upper-level 
anticyclone in the western Gulf of Mexico. A somewhat 
similar occurrence in 1965 resulted in the unusual path 
taken by hurricane Betsy although in that case the ridge 
was initially over the northern Gulf of Mexico and moved 
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east-northeastward rather than just building northeast- 
ward. 

It is interesting at  this point to compare Inez with 
hurricane Cleo of 1964. The paths of the two hurricanes, 
both of which were small intense storms prior to striking 
Cuba, were very similar until they left the northern coast 
of Cuba. Cleo moved generally northward at  an acceler- 
ated rate and intensified rapidly just prior to  striking 
Miami. Inez, on the other hand, intensified very slowly 
as it moved north-northeastward and maintained a 
rather large diffuse eye of 30-40 mi. diameter. Lack of 
intensification in spite of fairly favorable low-level condi- 
tions appears to  be tied-in to the weak upper-level trough 
in which Inez was situated with little outflow at high 
levels. This was borne out in part at  this time by satellite 
pictures which indicated little cirrus outflow. 

Late on October 3, a trend toward the west-southwest 
was indicated by radar and aircraft reconnaissance and 
this was fairly well established during the early morning 
hours of the 4th. Once this course was established it was 
maintained with only minor fluctuations until late on the 
7th. During this time the strong upper-level anticyclone 
over the western Gulf of Mexico remained nearly station- 
ary and Inez moved around its southeastern periphery 
gradually encountering more favorable upper- air condi- 
tions for high-level outflow. 

The eye of Inez moved directly over all of the Keys 
from Key Largo to  Key West and the US.  Navy Weather 
Office a t  Boca Chica was able to obtain a rather rare 
hurricane eye sounding which is shown in figure 2. The 
highest wind reported on the Florida mainland was a 
gust to 92 m.p.h. at  Flamingo. All of the Eeys reported 
winds of hurricane force. See table 4 for other meteoro- 
logical data. 

Inez continued west-southwestward just south of Dry 
Tortugas and brushed the northern coast of Yucatan, 
Mexico, with hurricane conditions on October 7. At this 
point Inez once again began to recurve into a weakness 
in the high pressure ridge over the western Gulf of Mexico. 
The hurricane also reached its maximum intensity in the 
Gulf of Mexico at  this time with a pressure of 948 mb. 
(28.00 in.) reported by reconnaissance ,aircraft at  0000 
GMT on the 9th. The weakening of the ridge permitted 
Inez to drift on a northwestward course on the 9th and 
this increased the threat to the Texas coast for about 24 
hours. Rising surface pressures to the north in Texas 
beginning late on the 9th finally forced Inez west-south- 
westward into Mexico just north of Tampico on the 
morning of the 10th. Numerous storms in the past have 
veered to the southwest when very close to the Mexican 
coast. This is probably related in some way to the 
mountainous terrain, and this type of motion possibly 
augments that induced by steering forces. Tampico 
reported gusts to 127 m.p.h. before communications were 
lost as the center was moving inland. Torrential rains 
later caused widespread floods in the area. 

Inez was under almost constant surveillance by satel- 
lites, U.S. Navy, Air Force, and ESSA reconnaissance 

aircraft, and/or land-based radar after it neared the 
Antilles. Warnings of hurricane conditions were issued 
at least 24 hours in advance for all areas except the 
southeastern Florida coast where the erratic movement 
and minimal hurricane force winds precluded such ad- 
vance notice. Other hurricanes such as Ginny in 1963 
and Gracie in 1959 presented serious forecasting problems 
for the United States mainland as a result of loops and 
slow movement. Inez probably became nearly stationary 
closer to the United States mainland than any other 
storm, although the hurricane of September 1929 took 
three days to move slowly west-southwestward through 
the western Bahamas and Florida Straits. 

Estimated total deaths are approximately 1,000. 
Damage to crops and property was relatively small 
compared to other hurricanes which have struck so 
many land areas, probably because of the size of the storm 
and the lateness of the season. Crop damage in countries 
such as Cuba, Haiti, Dominican Republic, Mexico, and 
the Island of Guadeloupe is always of severe economic 
impact. 

The minimum central pressure of 927 mb. (27.38 in.) 
and maximum estimated winds of 150-175 m.p.h. classify 
Inez as a great hurricane and it has been added to the 
list prepared by Kraft [6]. As indicated above, the path 
will have to be considered somewhat unusual a t  the very 
least. 

30.-This was a minimal storm. Ship reports and satel- 
lite photographs on the 26th and 27th of September gave 
some indications of circulation in the south-central 
North Atlantic. On the 28th the ESSA 2 photograph 
showed an area of cloudiness larger than that associated 
with hvrricane Inez, but with only slight indications of 
circulation. The following day reconnaissance aircraft 
reported the central pressure as 1007 mb. (29.74 in.) and 
the maximum flight-level wind speed 50 m.p.h. Judith 
was centered a short distance north of Barbados and was 
apparently decreasing in intensity a t  that time. After 
passing through the island chain Judith was no longer of 
storm intensity. It continued to weaken and was down- 
graded to easterly wave status on the 30th. It is interest- 
ing to note that during the period of decreasing intensity 
Judith was under the area of expanding outflow from 
hurricane Inez. 

The strongest surface winds reported in the island chain 
during the passage of Judith were 37 m.p.h. at  Martinique 
and 40 m.p.h. on a ship near the west coast of Marie 
Galan t e. 

KENDRA, OCTOBER.-The name Kendra was 
given to a low pressure system in the extreme eastern 
Atlantic. Post analysis indicates that Kendra was not a 
tropical storm. 

HURRICANE LOIS, NOVEMBER 4-13.-Lois first 
revealed itself as a small cloud vortex on the ESSA 2 
satellite photograph on the morning of November 4. 
Weather charts showed a low pressure area in the region 
extending from the surface up through the middle levels 

TROPICAL STORM JUDITH, SEPTEMBER 27- 
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TABLE 4.--Hurricane Inez, meteorological data, September 21-October 11, 1966 

HiUsboro Light ................. 
Fort Lauderdale ................ 
Port Everglades ................ 
Miami (NHC) .................. 
Miami (WBAS) ................. 
Key Biscayne-. ................. 
Tamiami Trail (40-Mile Bend) - 
Homestead AFB- .............. 
North Key Largo ............... 
Flamingo.--. ................... 
Tavernier- ..................... 
Plantation Key ................. 
Qrsssy Key .................... 
Marathon Shores- .............. 
Key West, Boca Chica .......... 
Key West (WBAS) ............. 
Dry Tortugas ____._.._____.__._ 
Fort Myers ..................... 
Islamorada- ..................... 
Big Pine Kev .................. 

141 

... 

I Wind (miles per hour) Pressure (in.) 
Highest Tide 

Ut.) 
Storm 

Rainfall 
(in.) 

6.5 

Station I Date 

Remarks 
Time Fastest 

mile*' 
Gusts Low Time Time 

28.68 1300 A 80 94 

P U E R T O  RICO 1 
Penuelas ....................... I 28 52 

35 
30 

'80 
'60 
*40 

1345 A Penuelas ....................... 28 
Ricon- ......................... 28 
ponce .......................... 28 
Mona Island .................... 28 
Ma eyes Island ................ 28 
Cai% Rojo Lighthouse.. _ _ _ _ _ _ _  28 

VIRQIN ISLANDS 

............ 
__.._.____.. 

13OOA 

. . -. - - _ _  - -. 

........... 

........... 

........... 

........... 

........... 

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

............... 
Ricon- ......................... 28 
ponce .......................... 
Mona Island .................... 
Ma eyes Island ................ 
Cai% Rojo Lighthouse.. _ _ _ _ _ _ _  ............ 

1930 A ............ -- . -  

VIRQIN ISLANDS I 
St. Croix ................................. 
St. Thomas ............................... I 30 

20 
45 
30 

............ 29.49 ............ ............. .......... 

138 Quantanamo City ........................ 

BAHAMAS 

12.00 

9.82 
5.27 
5.19 
6.48 
1.43 

14.31 
_._____.._ 

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

29.64 04/0100 E 

Two waterspouts 

29.50 03/1900 E 

29.64 
29.70 
29.45 
29.16 
29.50 

1500 E 
1900 E 

0410300 E 
1400 E 

1900 E 

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

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

SE 50 
33 

ESE 64 
N N E  63 

04/0200 E Oreen Turtle Cay, Abaco __._._ 
Hope Town, Abaco _________._._ 3 

Alice Town, Bimini ........... 

3 

Freeport, Qrand Bahama- ._.__ 

West End. Qrand Bahama ..... 

............ 
1700 E ............ 

2359 E 

0737 E 
............ 

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

............ 
45 

Carter Cay ............................... 
Nassau ......................... l 3  ............ 

wind 100+ vicinity of 
tornado 

FLORIDA 1 ~~ 

0400 E 0515 E 
0900 E 
1200 E 
1035 E 
0754 E 
1100 E 
0800 E 
0955 E 
1215 E 
1800 E 
1600 E 
1645 E 
1855 E 

2342 E 
0006 E 

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

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

............ 
2130 E 

29.37 3.0 AN 

2.7 AN ........ 

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

72 
46 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
4 

4 
.......... 

............ 
tin 

............ 
0830 E 
1200 E 

.......... 
1. 53 
1.85 
2.51 
3.24 
3.87 
1.22 
.62 

3.00 
1.02 
.97 

4.21 
3.25 

1.19 
4. 15 

.09 

3.92 

.......... 

10.12 

........... 
29.54 
29.38 
29.41 
29.39 
28.54 

. - -. _ _  -. -. . 
0400 E 
0713 E 
0640 E 
0730 E 
1345 E 
1135 E 
1120 E 
1315 E 
1400 E 
1330 E 
1405 E 
1455 E 

ESE 4; 
ENE 46 

N E  41 
ENE 55 

N 29 
N N E  46 
ESE 75 

SE 90 
ESE 98 
SSE 86 

S S E  ai  

ESE 8s 
ENE 60 

N E  63 
ESE 65 
N E  42 

N N E  79 
ESE 96 
SSE 92 

SSE 100+ 
ESE 110 

SSE 92 
'130 

............ 
0750 E 
0830E 
1545 E 
0932 E 
1230 E 
ls00 E 
1700 E 
1640 E 
1915 E 

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

.............. 
2.0 AN 
3.5AN ....... 
3.0 AN ._.___. 

2.0-4.0 AN ... 

............... ............ 
SE 69 

SSE 84 

............ 
2342 E 
0013 E 
1000 E 
0530 E 
2130 E 

S 9 4  
SSE 90 

E 120 
38 

............ 
1936 E 

1600 E 

1700 E 

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

*SE 150 'SE 165 eye 161&2020 5.0 AN ........ 

I MEXICO 

Merida ......................... 7 
Tampico- ...................... 10 
Sot0 la Marina ............................ 

69 
115 

81 
127 

TEXAS 

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

Brownsville.. 
Corpus Christi 

29.78 
29.83 

1555 C 
1700 C 

N!22 
E 17 

1555 
1555 

T 
T 

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

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

............... 
3.1 MLW-.-.- 

'Estimated. **Or one minute. A=AST. E=EST.  C=CST. AN=Above Normal. MLW=Mean Low Water. T=Trace. 

achieved on the afternoon of November 7. Thereafter, 
hurricane Lois accelerated on a northeastward track, a 
direction it was to  maintain during the next four days and 
2,000 mi. Throughout this period the hurricane was 
kept under surveillance by reconnaissance flights and 
weather satellites. Little change in speed, intensity, or 
direction was observed as it passed some 300 mi. west of 
the Azores. On the loth, gale force winds of 50 m.p.h. 
occurred at  Corvo in the Azores. 

Finally, as Lois traveled over the cooler waters to the 
north, it began to slow down and weaken. By the 12th 
the storm had lost most of its tropical characteristics 

of the atmosphere. However, because of the rather cold 
temperatures near the center, the circulation at  that time 
did not appear to  be tropical in nature. 

During the next two days the system showed little 
movement while a gradual warming was noted at  all 
levels. The satellite revealed a progressive enlargement 
and degree of organization of the associated cloud spiral 
and on November 6 a U S .  Air Force reconnaissance 
flight found that an eye had formed with surrounding 
winds of 55 m.p.h. 

Lois commenced a slow east-northeastward course while 
steadily increasing toward hurricane intensity, which was 
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and began a slow turn to the east and southeast as a 
weakened low pressure area. On the 13th, the remnants 
of Lois finally became unidentiiiable in a region about 
300 mi. west of Portugal. 

Except for its brief fringe effects on the Azores, Lois 
never posed a threat to  any inhabited area. 
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