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ABSTRACT

The 1993 burmicane season is summari zed, snd individual tropical stovms and hurricanes are desceribed. Orverall,
the season was relatively inactive, but tropical sterms and hurricanes were responsible for a large mumnber of
deaths in South America, Centrai America, and Mexico. Only one huericane. Emily, made landfal] in the Usnited

i, Intraduction

For the third year in a row, there were fewer hurri-
anes and tropical storms than normal in the Allantic
hsin during [993. There were eight tropical storms,
ad four of these becatne hurricanes. These totals are
dejow the most recent 50-yr averages of near 10 and
b, respectively. Emily, the season’s only major and
aly long-lived hurricane, hit the North Casolina Outer
Banks, causing serious damage over a limited area. In
wite of the relative inactivity, tropical cyclones caused
20 deaths this year, largely as a result of disastrous
mud slides in Venezuela during the passage of Tropical
Storm Brel.

Tropical storm and furricane tracks tor 1993 are dis-
played in Fig. 1. No tropical cyclone reached hurricane
intensity south of 21°N, continuing the absence of hur-
ficancs over the deep Tropics observed in 1991 and
1992. Morcover, 1993 was the fourth consceutive year
that no hurricancs were observed over the Caribbean
Sea. Tahle | contains other statistics of the scasen. The
seuson ended unusually carly: the last named storin
{Harvey) lost its tropical characteristics on 21 Septem-
ber. This 1s the earliest conclusion to tropical storms
and Rurricanes in a season sinee 19300

The vertical shear of the horizomal wind iy an im-
partant controlling mechanism for tropical cyclone de-
velopment and intensification (e.g., Gray 1967). Fig-
ure 2 shows the anomalies, from the 1975 -93 mean,
of the magnitude of the vertical shear tor the moadhs
of August and September 1993. All but one of the sea-
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son's eight named starms formed wn those months. Here
the vertical shear is defined as the upper-tropospheric
{ approximately 200-mb level) minus the lower-tropo-
spheric (approximately 900-mb level) wind. Also plot-
ted in Fig. 2 are dots showing the locations of formation
(where tropical depressions developed ) of the tropical
storms and huricanes during August and September
1993, With one cxception (Emily), the tropical ¢y-
clones developed in arcas where the shear was ind)-
cated on this chart to be near normal or weaker than
normal.

It 35 revealing 10 note the tracks of the individual
tropical storms and hurricanes (from Fig. 1) with re-
spect to the shear field shown in Fig_ 2. Tropical Storms
Bre1 and Cindy. along with Hurricane Genl. moved over
areas of generally weaker than normal shear, but their
strengthening was apparently limited by a close prox-
imity to land (although Gert did ntensify 10 category
7 hurricane status ). Tropical Storm Dennis moved over
open waters but into an area of stronger than normal
shiear, and it weakened o dissipation. Floyd and Har-
vey were af rather high latitudes but, as Fig. 2 shows,
these two systems did move through areas of weaker
than normal shear and both became hurricanes (al-
though Harvey was a hurricane only very briefly).
Probably the most interesting case was Emily. in the
carly stage of development, Emily was over an area of
stronger than normal shear and remained a wropical de-
peession for a couple of days. However, Emily’s mo-
tion eventually carried it into the region of weaker than
normal shear off the southeast 1.8, coast, and the cy-
clone intensitied markedly. Becoming a major hurn-
cang.

As noted ahove, the 1993 Atlantic hurricane season
ended much earlier than usual. This was probably re-
fated to the premature reversal of upper-iropospheric
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w, from ecasterly to westerly, over the eastern tropical
ilantic in the latter part of September 1993 { Avila and
weh 19953, The increase (o vertical shear over the

pical Adantic (implicd by this wind reversal ) inhib-
ed tropical cyclogenesis.

I Individual tropical storms and hurricanes of 1993

The year's first tropical storm, Arlene, tormed trom
idisturbance that was noted on 9 Junc over the wesiern
Caribbean Sca and Central America. Satellite pictures
wer the following week indicated that the activity
pread slowly northwestward and increased a Litde in
weal coverage. During that period, upper-level winds
ger the northwestern Caribbean Sea and the Gulf of
Mexico were generally from the west or northwest,
This created a vertical wind shear that was not favor-
ble for the development of a tropical cyclone. Nev-
utheless, the syslem persisted as a rainstorm that re-
portedly caused a landstide in EY Salvador that killed
0 people.

On 16 June, a mid- to upper-level low began to de-
relop over the Bay of Campeche. Over the adjacent
Yucatdn peninsula and the nonhwest Canbbean Sea,
the tlow aloft became more anticyclonie. In addition,
on that date, a tropical wave nearcd the Yucatan pen-
insula from the east-southeast. The net etfect of these
changes was for the convective activity to expand wesi-
northwestward into an arca where the upper-fevel cir-
culation was more conducive to the development of a
{ropical depression. Analysis of surface data suggests
|that by late on 16 Junc a LO08-mb low tormed over the
I Yucatan peninsula.

A reconnaissance plane from the U.S. Air Force Re-
serves found only a broad area ol low pressure in that
area at midday on 17 June. However. satellite pictures
a few hours later showed convective bands developing
just offshore over the south-central Gult of Mexico. and
it 1s estimated that at 0000 UTC 18 Junc the system

Tropical Storm Arlene, 18-21 June

13y SYNOPTIC HISTORY

TasLe | 19493 Atlintic hurricine season stagsnes,
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Fiei. 2. Anoalies, from the 1975 93 mean, of the magnitude of
the vertical shear of the horizontul wind {apprisdmately SO0 mb mi-
nus 200 mby) tor Aggust and Sepember of 1993 Contour interval is

2m s ' owith dashed contours for negative anomalies Gle., weaker

thun pormal sheary. Dots show the location where 1993 tropival
storms ot hurricanes formed (becaume tropical depressions) in those
vwo months, and arrowheads show direction of motion of the systems
during early stages ol development.

became Tropical Depression Two. The depression was
centered between the low aloft to the southwest and a
decp-layer-mean high to the northeast. The associated
steering flow moved the depression toward the north-
westat 2-3ms

The center of the depression remained nedr the east-
ern edge of the low aloft, in an area of moderate south-
westerly vertieal wind shear that apparently precluded
strengthenming of the depression. The low-level center
stayed ditfuse, with satellite images occasionally show-
ing separate weak low-level cloud swirls in that arca,
Indeed. the reconnaissance mission late on 18 June
found 1006 mb 1o be the lowest pressure within a broad
arca for which the onboard metcorologists could not
make a center “lix.”" By that ime, satellite pictures
sugpest that the upper-level shear over the diffuse cen-
ter had been further increased by a southwesterly out-
flow jet cutting across the southwestern Gulf of Mexico
from castern North Pactiic Tropical Storm Beatriz.,

In the meantime, on 18 June, deep convection be-
came more concentrated in a band located 275-375 km
mainly (o the cast of the center. Over the next 24 h, the

LS. dumape

Maximus T pun Minhmum sei level It
Mumber Name Class* LIaten=# wind tm s D pressure (mb % nullivns} leuths
1 Arlene T 1% 21 Jun [ 100K} a2 3]
2 Bret T R L ANTT 26 102 154
3 Cindy T 14-17 Aug 21 (K17 4
4 Dennis T 23-728 Aug 23 1
5 Emily H 22 Aug—6 Sep 51 Ei] 35 3
4] Floyd H 710 Sep 33 GO0
7 Gurt H 14-21 Sep 44 G 76
8 Harvey H 1% 21 Sep 33 Y490

* Tt tropical storm. wind speed 17-32 m s "134-63 ki1 H: hurmicane. wind speed 33 m s " 64 Koy or higher,

** Dates begin at 0000 UTC and include tropical depression stage.
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band wrapped cyclonically around the center so that by
early on 19 June a comma-shaped band of thunder-
storms extended from well northwest through north
through southeast of the center. Satellite pictures and
reconnaissance data indicate that the center of a new
and dominant (1000 mb) convective system, desig-
nated Tropical Storm Arlene, formed in the northwest
part of the band around 1200 UTC on 19 June.

The new center initially moved northwestward at 2—
3 m s but then nearly stalled when an eastward-mov-
ing short-wave trough passed by to the north. The for-
ward motion then became a westward drift. Arlene
made landfall over Padre Island, about 75 km south of
Corpus Christi, near 0900 UTC on 20 June and weak-
ened to depression strength shortly thereafter. The sys-
tem remained a tropical depression through 0600 UTC
on 21 June, A low- to midievel remnant circulation was
detected for another day or two over the lower Rio
Grande valley of southern Texas and northeastern
Mexico.

2) METEOROLOGICAL STATISTICS

Although maximum sustained wind speeds near Ar-
lene’s center are estimated to have been about 18 m s ™!
for the 18 h ending at landfall, somewhat stronger
winds were located well to the east of the circulation
center, in the convective band. Sustained wind speeds
of 21-23 m s ~' were reported between 1100 and 2000
UTC by ship C6JP2 (name unknown ) and several plat-
forms over the north-central Gulf of Mexico (see Table
2a). Similar wind speeds in that vicinity had been en-
countered by the reconnaissance aircraft at a flight level
of about 450 m. The distant wind maximum and the
association of the tropical cyclone with the nearby low
aloft indicate that Arlene’s structure had some subtrop-
ical cyclone characteristics,

Reconnaissance aircraft observed a central pressure
of 1000 mb on seven consecutive penetrations of Ar-
lene. This is the estimated minimum pressure of the
storm. The pressure at landfall is estimated at 1001 mb.

Arlene generated storm tides of locally up to about
1.2 m along the Texas coast. The storm tide hreached
sections of Padre Island and caused local flooding on
the mainland,

Heavy rain fell for several days over Central Amer-
ica from the weather system that eventually became
Arlene. Heavy rains also occurred over Mexico ( Table
2b). Arlene brought large accumulations of rain and
local floods to the area extending inland about 275 km
from the Texas coast. Locally heavy rain, from a com-
bination of Arlene¢ and a frontal system, also occurred
in northeast Texas, Louisiana, and Arkansas. The town
of Henderson, Texas, reported the largest total,
326.4 mm,

No reports of tomadoes associated with Arlene
have been received by the National Hurricane Cen-
ter {NHC).
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3) CASUALTY AND DAMAGE STATISTICS

In Mexico, floods from Arlene killed five people
(four in the state of Yucatin and one in the state of
Campeche.) There was one flood-related fatality re-
ported in Henderson. Damage in Campeche was re-
ported at $33 million. Flooding from rainfall was also
reported in Texas, Louisiana, and Arkansas. The Texas
Division of Emergency Management estimated $22
million damage to homes, businesses, and infrastruc-
ture in that state. Crop losses were not quantified.

The storm tide { Table 2a) removed about 0.2-03 m
of sand from some beaches along the lower Texas
coast. Extensive tidal flooding was reported on the
lower and middle Texas coast as well as along beach
access roads. Beach erosion was also reported in south-
western Louisiana.

4) WARNINGS

Arlene was still a tropical depression when its center |
moved clese enough to the coastline that the issuance
of a tropical storm watch was considered by the NHC, |
However, because the cyclone was then quite poory
organized and significant strengthening was not fore-
cast, the NHC, in coordination with the appropriate Na-
tional Weather Service (NWS) offices, opted to delay
issuing a tropical storm watch. When the new and
slightly stronger center formed, a tropical storm wam-
ing was issued for Brownsville to Matagorda, Texas,
about 21 h prier to landfall. There were no observations
of sustained tropical storm force winds received from
the warned area.

b. Tropical Storm Bret, 4-11 August
1) SyNOPTIC HISTORY

Bret was spawned by a tropical wave that moved off
the west coast of Africa on 1 August. This wave was
among several, during late July and early August of
1993, that locked impressive in terms of amount and’
organization of deep convection. A few days later, the-
thunderstorm activity associated with the wave became
more concentrated, and the development of curved con-
vective bands was noted. Based on intensity estimates
using satellite images (Dvorak 1984), a tropical de-
pression is estimated to have formed from this system, .
about 1850 km to the west-southwest of the Cape Verde- '
Islands on 4 August near 1200 UTC., :

The cyclone moved on a westward course at an in-
creasing forward speed during the ensuing 12-24 h,
Around 0000 UTC 5 August, satellite intensity esti-
mates indicate that the system strengthened to become
Tropical Storm Bret. By 1200 UTC 5 August, Bret was
moving westward near 10 ms™'. This motion was
maintained for the next 4 days or so, due to a strong -
decp-layer ridge that remained established to the north
of the storm throughout most of its lifetime. .
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TapLE 2a. Tropical Storm Arlene selected surface observations, June 1993,
ople
e of Minimum sea level Maximum surfuce
- re- B )51 (- — wind speed (m s ')
- re- Storm Storm Rain
' Pressure Date/time Sustuined  Peak Date/time surge” tide" (storm total)
also Location (b} {UTC) wind gust (UTCH (m} (m) {mm}
>Xas
$22 Texas”
ruc- Brownsville WSO (BRO) 14040 1912315 11 i4 21410210 B8
Corpus Chnisti WSO (CRP) 1003.7 K116 1] 16 2040821 2339
Navy Kingsville (NQI) 100)2.1 2001300 13 2042008 1051
3 m Navy Corpus Christi (NGP) 10035 2011056 12 15 2041256 158.0
X a8 Palacios (PSX) 10081 19/2352 14 16 19/1851 1.2-1.58 LIg.5S
the Victoria Arpt. (VCT) 10088 200852 9 14 1972053 108.2
ach Port Lavaca 1.2 145.5
Port O'Comnor 1.2
uth- Indianola 1.2
Kingfisher Marina 1.2
Bob Hall Pier 0.5 0.8
South end South Padre Island 05 0.7
Ship reports®
lier C6IP2 (27.1°N, 92.8°W) 23 19/1800
ice Commercial platforms™
1C. 5RO (28.2°N, 93.8°W, 37 m) 23 28 19/1348
iwly TW2 (28.5°N, 92.5°W, 29 m) 23 26 19711403
e TRE (28.3°N, 92.0°W, 31 m) 21 1972000
Na- 558 (28 2°N, 90.7°W, 37 m) 21 23 19/1139
'lay 01T (28.1°N. 94.4°W, 34 m) 214 23 1971946
wnd NDBC instrumnents*
m- Buoy
42002 (25.9°N, 93.6°W) 1006.3 16/11X3) 18 23 1942000
as, 42020 (27.0°N. 96.5°W) 1005.1 1971300 14 17 19/1300
s 42035 (20.2°N, 94 4°W} 1009.7 20/ 1000 15 19 187170
P W MAN
PTATZ2 (27.8°N, 97.0°W) 15 19 19/1633
SRST2 (29.6°N. 94.0°W) 1011.3 2060000 15 17 2040000

‘Time of 1-min wind speed unless only gust is given.

defined ax mean sea level in 1929,
* One-minute-averaged wind.
4 Estimated.
“Unknown averaging period.
A more extreme value may have occurred,

The storm initially appeared to have adequate upper-
topospheric outflow for strengthcning, and Bret's
maximum winds increased to around 25 m s ' by 0600
UTC 6 August. However, by 1800 UTC 6 August, the
enter of the storm became exposed ncar the north-
western edge of the main convective cloud mass.
he dense overcast became reestablished ever the cen-
et of the storm a few hours later, as Bret neared the
island of Trinidad and the northern coast of Venezuela.

obscrvations, the central pressure fell to 1002 mb
jost after 1800 UTC 6 August. The storm skirted the
morthern coast of Trinidad early (around 0800 UTC)
7 Auvgust, and the center moved along a portion of

® Storm surge is water height above normal tide level, Storm tide is water height relative to National Geodetic Vertical Datum, which is

!NOAA buoys report hourly an 8-min-average wind. C-MAN station reports are 2-min-average winds at the top of the hour and 10-min
werages at other times. More extreme values may have occurred. Contact National Data Buoy Ceater for additional details,

the northern coast of Venezuela a few hours later, Fig-
ure 3 is a visible satellite picture of Bret over northern
Venezuela. Around 2000 UTC 7 August, the center was
back out over the water. just offshore of the coast, and
by 0801 UTC 8 August, Bret moved over the extreme
northwestern part of Venezuela. The center continued
westward over the extreme northern sections of Colom-
bia on 9 August.

After interacting with some mountainous terrain
over Venczuela, Bret encountered a tremendously high
mountain over Colombia, Pico Cristobal Colon, whose
peak is about 5800 m above sea level. The circulation
was weakened considerably by this mountain and Bret
was reduced to a tropical depression when it emerged
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Tanle 20 Selected rainfall acewmulations tmmy associated with

Arlene and, over northeast Texas, Lowistana, and Arkansas,

o combination of Arlene and i rontal system: L indicates cstnmiate,

T ovation Turtal Lowtion Total
Kexica (18 20 June: some wtals incomplete) Concord 155.4
Meridin Yuocutan E347.5 Forthund 154.9
Pane. \-".cr:u_'rur. . 3“‘_]"1 Woaushington State Park 1547
Canargo 81 LT Tampieo I¥5.9 Sour Lithe 154.7
Sun Jese Tecoh, Yucutan f1.u1 Subine Piass 153.2
F.oMurte Gomer. Tamps f.56 Onverton 1521
Teoceln, Veracruz 555 NirseTy 1514
Hingusee, Veracras 330 Bi.khur; 1509
Bricmes, Yomwrus 5102 Calallen 150.6
Chetmmal, Guinta Roo 34N Tati 149.6
Texas Humhle 1483
Hendersan 376 4 Rcl.‘lugm 1458
Carthaee 477 W nrll.mm 1450
Longvicw 338.8 Fdray 1448
Brazoria RLIERS 1;‘“#“"1_ Ty ] 1445
Marshult 429 Post Ouk 1440
San Manuel 290 6 }\L_'um"“ sz
Robstimn JR5R 9' ang 1420
Tacksonville 2852 Conroc 140.5
Chalk Hill 7G4 Huouston airpart 1405
Corpus Chrrsti 2678 E;’C“d““h“ :igé
Anabuiw 2507 Altu o8
Cenerille 2286 Agua Dulee 1317
Hallivalle 23 :;”“T'_V'HD %::I:
Tatum 2.0 erefal N
Woondliwn 2057 El“:’:l Spl’_1|l|1g :;2?
Armslrong RIS vhronvitle e
Pulu:-:[i[:: ; At Adwins Gardens 1336
Raymondvilie 2y S‘;‘_P“}“m Ranch %:3:
Loneville 198 1 ‘hitchouse K28
(;t:l]iLaI! ¢ 197 % Bueatmant (uity) 1308
College Station LO1.¥ B.r.ya.m _XIX N 1306
Kirbyville LHLD \i\' c..\lmu 130.6
Monte Allo 15867 E’[::lilhum 132;
Aliet 186.4 yier =5
De Quiney 1859 ;;m.-]\( a:‘nc_\.-' :3?}3
Bay Ciry F831 rocact - <
MuC ook 1826 ch&_s Blutt 12?'3
Papule 1R0L3 Realitos 1273
Angleton 1748 Louisin
Columbus L7 Lake Charles 0.1
Banquette 1684 Shreveport M1
Mission fog.1 Jennings 1315
lowet 1669 Abbeville 1803
'If"kn“’- . o4 8 Harleton 1758
Falfurmias |6t Keithville 1641
Inine Boy 1413 Telferson 1598
Gl:ulc\\-‘;t.tcr 1605 Do Ridder (5N 1483
Deweyville | 54101 Old Town Bay 1473
H_PT l"iu'” Mouringsport 1448
Rincom 15814 Ol City 1372
Lnglenan Cardens 138.5 K arnuck 1318
Midwuy 1567
San Jacioto Dam L5672
Cypress 15600 Lewisvilie 1215

over the waters of the southwest Caribbean Sea around
(900 UTC 9 August. Indeed. Bret was so severely dis-
rupted by the mountains that the circulation had prac-
tically dissipated. However, luter during the day on Y

August. convection increased in bands over the south-
west Caribbean. The upper-tropospheric flow over the
area was mostly straight southwesterly at the time Bret
moved off the coast ol Colombia, but later on 9 August
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HiG, 3. GOES-7 visible sateliite image of Tropical Sterm Bretan 1901 UTC 7 August 1995,
as heavy rains hegan spreading, over Venczuelu.

he upper-level tlow hecame Increasingly anticyclonic.
Bret regencrated into a tropical storm by 0600 UTC 10
fugust, while it was located about 260 km to the east
of the southem coast of Nicaragua. The torward motion
dowed to 5—-7 m s ' as the storm nearcd southern Nic-
wagua, Based on satellite intensity cstimates. Bret's
maximum winds were near 21 m s~ when the center
mossed the coast of southern Nicaragua near Bahia
Punta Gorda around 1700 UTC 10 August, Figure 4 is
1 visible satellite picture of Bret just prior to landfall
in Nicaragua.

© After moving inland, Bret wrned toward the west-
northwest. It is considered to have dissipated as a trop-
lical cyclone when it neared the Pacific coast of Nica-
rapua around 1800 UTC 11 August, because a low-
level circulation could ne longer be identified at that
point. Nonetheless. a remnant disturbance could be
tracked westward and then west-northwestward over
the eastern Pacific for a few days. The system eventu-
dlly regenerated into eastern North Pacific Tropical De-
pression Eight-E. which later became Hurricane Greg.

2) METEOROLOGICAL STATISTICS

The island of Margarita reported wind gusts to 24
m s . The weather station on Grenada reported max-

imum sustained winds of 16 ms ' with gusts 10 20
ms . A sailing yacht, the Ladv Ekdne, anchored at
Hop Island on the south coast of Grenada, measured a
sustained wind of 21 ms '. Guiara, Venezuela {near
the first landfall point in South America), reported a
wind gust 10 20 m1 s ' The highest gusts reported from
the istands of Curacao and Bonaire were 21 ms 'L A
ship, the Probo Baro, reported 20 ms ' sustained
winds just oft the coast of Venczucla.

During the passage of Bret over Venczuela on 7-8
August, 339 mm of rain reportedly fell in a 10-h period
at Guanare ( state of Portuguesa). Another 24-h rainfall
amount of 285 mm was reported trom Quebarada Seca
{state of Barinas). Among various reporting sifes in
Caracas. a maximum 24-h 1otal of 152 mm was noted.
with up to 120 mm occurring during a 7-h peniod.

3y CASUALTY AND PDAMAGE STATISTICS

Flooding and mud slides, due 10 heavy rainfall as-
sociated with Bret, caused a major catasirophe in Ven-
ezuela. The government of Venczuela reported a 1otal
of 173 deaths and “‘many " missing. The majority of
the deaths occurred in the Jow-income areas surround-
ing Caracas. where many people reside in ramshackle
huts. Press reports indicated at least 10 000 were home-




878

1501 10AUSS 19A-1 05

MONTHLY WEATHER REVIEW

Vorume 1B

Y WERSR

62

25921 fa12H84h-~1

Fio. 4. GOES-7 visible sateilite image of rejuvenated Tropical Storm Bret at 1507 UTC
10 August 1993, just prior to Tandfall over southern Nicaragoa,

less in Venezuela and Bret caused an estimated $25
million worth of damagc in that country. There was |
death and 1 injury reported from Colombia. In Nica-
ragua, a total of 10 deaths were reported, Nine of these
fatalities occurred offshore near [sla de Maiz when ¢ ac-
cording to ham radio reports) a Spanish vessel sank.
There were also 35000 persons reportedly “*dis-
placed’” in Nicaragua duc w Bret.

4y WARNINGS

The tropical storm warning provided about 24 h of
Iead time for the southern Windward Islands and the
coast of Venezuela. Therc was only about 8 h of lcad
time for the coast of Nicaragua, when Bret rapidly re-
developed into a tropical storm over the southwest Ca-
ribbean Sea.

c. Tropical Starm Cindy, 14--17 August
1} SYNOPTIC HISTORY

Cindy formed from a tropical wave that moved off
the northwest coast of Africa on 8 August. The cloud
mass associated with thiy wave was easily tracked on
satellite imagery as it moved west-northwestward be-
tween 8 and 10 m s ™' across the tropical Atlantic for

the next several days. A U.S. Air Force Reserve air-
craft investigated the disturbance on 13 August but
found only a poorly organized surface circulation.
On the next day, another aircraft found that the [ow-
level circulation had become sufticiently better o
ganized to indicate that a tropical depression had
formed from this activity around 1200 UTC 4
August.

The tropical depression moved toward the west-
northwest. steered by the low- to midlevel flow, and its
forward motion slowed to between 5 and 8 m s . The
depression was upgraded to Tropical Storm Cindy at
1800 UTC 14 August while over the island of Marti-
nigue, based on 500-m flight-level winds of near 2!
m s ' from an aircraft and the observation of a central
dense overcast in satellite imagery. Although the sys-
lem appeared to have an efficient outflow pattern aloft
when it was near the Lesser Antilles, this upperdevel
structure deteriorated and only a little additional
strengthemng occurred.

Cindy reached its estimated peak intensity of 2
ms~" around 1200 UTC 16 August while centered
about 140 km southeast of Sante Domingo, Dominican
Republic. The lowest pressure reported by reconnais-
sance aircraft was 1007 mb at 1113 UTC. A relatively
large area of 18-25 ms™' winds was also reported

b oL 3 B e
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from the aircraft at a flight level of 500 m near this
time,

The tropical cyclone weakened when part of the cir-
colation began interacting with the mountains of His-
paniola. Cindy was downgraded to a tropical depres-
sion a1 2100 UTC 16 August when the poorly defined
center moved over Barahona, Dominican Republic,
The circulation rapidly became disorganized and the
depression dissipated by 0000 UTC 17 August. How-
ever, the remnant cloudiness and showers spread over
the southern Bahamas through 18 August.

2) METREOROLOGICAL STATISTICS

No sustained tropical storm force winds were re-
ported from ships or island stations, but gusts to near
I8 ms™" were reported on Martinique. Gusts to 15
ms~' were observed at St. Croix in the U.S. Virgin
Ilands and at Aquadilla, Puerto Rico.

The largest reported storm total rainfall was 305 mm
it Precheur on the island of Martinique. Several reports
af 102-254 mm of rain were received from various
docations in the Dominican Republic and elscwhere
fwer Martinique, while 76— 102 mm of rain were re-
prted over portions of Puerto Rico. It is likely that
lcally heavy rains occurred elsewhere over somc of

e Lesser Antilles and over Haitt.

3) CASUALTY AND DAMAGE STATISTICS

Flooding associated with Cindy caused two deaths
n Martinique and two deaths in the Dominican Repub-
k. Two persons were also reported missing in the Do-
minican Republic. Several hundred people were evac-
mted from flood-prone areas in Pucrto Rico but no
gorm-related deaths were reported from this island.

Estimates of several million dollars in damage to pri-

i and public property including houses, roads, and

walls have been reported from Martinigue. There

ve been no other reports of significant damage re-
ived at the NHC related to Cindy.

4} WARNINGS

Tropical storm warnings were issued for the Lesser
tilles from Martinique northward and westward
ugh the U.S. Virgin Islands, for Puerto Rico, and
for the Dominican Republic from Caboe Engano to
ana on the north coast and to Isla Beata on the
th coast.

Tropical Storm Dennis, 2328 August

On 21 August, a broad area of low pressure associ-
with a tropical wave moved off the African coast.
is system was embedded within a large monsoon-
flow anal yzed using satellite imagery and ship re-
. Animation of visible Mezeosar-3 and Meteosai-
satellite images showed a distinet eyclonic rotation
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in the low ¢louds with increasing convection during the
next day. The system became a tropical depression at
about 1200 UTC 23 August.

The depression moved slowly westward and then
west-northwestward, steered by a weak deep-layer
mean flow. Based on the analysis of satcllite images,
the depression reached tropical storm status by 1200
UTC 24 August. Dennis intensified a little more, reach-
ing its cstimated peak intensity of 23 m s ' and mini-
mum pressure of 1000 mb at 0600 UTC 25 August,
when convection was the strongest. Little change in
intensity occurred during the next 24-30 h while the
thunderstorm activity was gradually decreasing.

At that time, the axis of a rather strong middle 1o
upper level trough became established near 50°W north
of 20°N. causing Dennis to move north-northwestward.
This track brought the storm over relativel y cool waters
and into an cnvironment of increasing vertical shear,
resulting in a separation of the low-level circulation
center from the convection. Dennis weakened and was
downgraded to a tropical depression at 1200 UTC 27
August, It dissipated 24 h later but the remnants me-
andered over the North Atlantic for a few more days.

e. Hurricane Emily, 22 August—6 Seprember

Emily, the first hurricane of the 1993 Atlantic sea-
son, was the season’s only major hurricane and aiso the
longest lived. Its western eyewall passed over the North
Carolina Quter Banks,

1} SYNOPTIC HISTORY

Emily moved off the west coast of Africa and over
the Cape Verde Islands on 17 August as a tropical wave
accompantied by a large cyclonic swirl of low- to mid-
level clouds. The swirl moved westward at relatively
high latitudes (15°-20°N) over the eastcrn Atlantic,
where cool sea surface temperatures apparently limited
the development of deep convection for the next sev-
eral days. On 21 August, convection began to increase
and become concentrated near the center of the cloud
swirl, and by 22 August the system developed enough
circulation and deep convection to be classificd as a
tropical depression, while located 1300 km to the east-
northeast of Puerto Rico, at around 1800 UTC.

The depression moved toward the northwest at 5—8
m s~ for two days. It then encountered a weak steering
current, became quasi-stationary on 25 and 26 August,
and began to intensify. Emily bricfly reached hurricane
intensity on 26 August, based on aerial reconnaissance
observations and a report of sustained 33 m s ' winds
frem a ship, the OMI Missouri, located about 90 km
southeast of Emily’s center at | 100 UTC. Shortly there-
after Emily's maximum winds dropped to just below
hurricane force, A high pressure ridge built to the north
and Emily, having regained hurricane intensity about
16({) km cast of Florida, tmoved generally westward on

W g
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27wl ¥ August while maintaining peak winds ncar
Wms '

Intensihcation began in earnest on 28 August. and
Lmily turned toward the northwest in response to the
passage of a midlatitude short-wave trough to the north.
The hurricane turned toward the west-northwest on 30
August as a short-wave ridge passed to the north. How-
cver. yelanether trough n the westerlies neared Emily
on 31 August and the hurricane began o turn north-
wurd, Intensification continued until late on 31 August
when the hurricane was moving northward and the cye-
wall reached the Outer Banks of North Carolina
(lhig. 3}

The hurricane reached its peak intensity late on 31

August as the center of the eye reached its point of

closest approach to land. about 37 km east of Hatteras
Island. mily was large at this time with a 74-km inner
diameter of the circular wall cloud surrounding the cen-
ter of the hurricane. This 15 based on U.S, Air Force
Reserve and National Occanic and Atmospheric Ad-
ministration { NOAA) reconnaissance as well as the
Cupe Hatteras radar, A portion of the western eyewall
passed over Hatteras [sland and the surrounding waters,
wilth |-min surface winds estimated between 33 and 51
m s . This caused strong onshore winds on the Pam-
licer Sound side of Hatteras Island. and the accompa-
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nying storm surge coastal flooding was up to 3 m above
normal tide levels. The Atlantic coast maxinmum surge
levels were esimated to be only 0.3-0.6 m above
normal.

For the record. Emily will be counted as a category
3 {major hurricane) landfall on the Satfir—Simpson
hurricanc scale (Simpson 1974} for Hyde and Dare
Countics in North Carolina.

Emily was at the westernmost point of a recurvature
around the western periphery of a large high pressure
arca when it aftected the Quter Banks, and effects over
land were minimal elsewhere. By 2 September, Emily
had tumed sharply toward the cast in response to the
most recent midlatitude trough and was weakening
over colder North Atlantic water. It weakened to a trop-
ical storm on 3 September as it moved southward and
stalled. By 5 Sceptember, Emily was a tropical depres-
s1on and moving east-northeastward. Emily became ex-
tratropical on 6 September far out in the Atlantic and
quickly dissipated.

21 METEOROLOGICAL STATISTICS

The highest sustained wind measurcment is 68 m s~

from a U.S. Air Force Reserve plane at 1729 UTC 3]
August, 30 km west of the center within a few hours
of its point of closest approach to Hatteras Island.

0FE63 29494 MAZ3HZSW-1

Fies. 8. GOES-7 visible satelite image of Horricane Emily at 1901 UTC 31 August 1993,
near peak intensity qust off the North Caroling Outer Banks.
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Tamk 3. Hurricane Emily selected surtuce ohservations. 31 Augusi— 1 Sepleniber 1993
Minirmuwm sca level Maximum surface wind speed
[ressure {ms ]
Ruin
Pressure Dateftinie 1-min Peak Dateftime Storm surge [storm tea)
Location tmb) {UITC average ust (UTCY t)" {mm}
{North Carolina
Brigands Bay 2
Buxton (HAT) 9822 31A925 27 34 3172050 3 1LY
Buston {citizen? 33 AR 312215
Buxton {R. Horodner) 976.5 32008
Cedar Tsland lerry terminal 17 24 RIFAE R
Duck pier 1000.5 G100 ell] 26 RN {15
Diamond Shoals Tight 964.5 32100 44 66 3143225 26
felevauon 46.6 m)
Frisco
Gum Neck 254
Oregon Inler 2y KA RIFA LS
Wilmington ([LM) ® 11 31716510} i}
Virginia
; Chesapeake Bay Bridge 12 16 G100 (4
i Norfolk 10088 1A 3 10 15 B/ 51 \]
Maryland
Ocean City-mesonet 1009, 1 10908 bl 1t THLARMIN 1.1
Delaware
Sussix County Airport 7 b GIAS17 .3
Lewes (2

‘Time of 1-min wind speed unless omly gust is given.

FSome of these values are height above MSL {above mean sea level),

‘Two-minate-as crage wind speed.

The estimated maximum 1-min surtace wind speed
551 ms 'for 12 h beginning at 1800 UTC 31 August.
This value turns out to be a reduction to 75% of 63
ms~', the 10-s gircraft wind al an altitude of 457 m.
Table 3 lists significant surface observations. Diamond
Shoals Light Tower is located 417 km southeast of
Cape Hatteras, and its anemomeler at 46.6-m clevation
measured a 2-min wind specd of 44 m s a1 2200 UTC
md a peak 5-s gust of 66 ms ', They also measured
alowest pressure of 964.5 mb. only 4.5 mb higher than
the aircrafi-measured minimum pressure {960 mb} at
1349 UTC.

The National Weather Service Office in Buxton re-
corded a peak 1-min wind of 27 m s ' with a gust o
#4 ms ', but the measurements were disrupted just
before, it is believed, the strongest winds were oc-
curred. A private citizen in Buxton recorded 33 m 5 !
with a gust to 48 ms~'. Preliminary analysis at the
NOAA Hurricane Research Division indicates 1-min
surface winds speeds to as high as 49 m s 7' over Pam-
lico Sound ( 8. Houston 1994, private communication ).
These strong onshore winds drove waters from Pamlico
Sound onto Hatteras Island. A storm surge flood height
of 3.1 m above sea level at Buxton is the highest re-
ported value (Table 3}.

The maximum rainfall recorded was 191 mn at Bux-
ton. and very little was observed larnther west. Ocean
City, Muryland. reported 71 nin

3) CASUALTY AND DAMAGE STATISTICS

A drowning in rough surf cccurred along the Vir-
oinia coast on 31 August. Two other deaths due to sim-
ilar circumstances were reported trom Nags Head.
North Caroling, on 1 September,

A preliminary damage estimate lor North Caroling
is S35 miilion, mainly on Matteras Island. There were
553 dwelilings deemed uninhabitable. About 160 000
persons were evacuated from the barrier islands of
North Caroling, 750 trom the Virginia coast. 100 000
from the Maryland coust. 1000 rem Delaware, and
20000 from Fire Island. New York,

41 WARNINGS

Hurricane watches and warnings were issued from
North Carolina through Delaware and a hurricane
watch was also 1ssued tor the northern Seuth Caroling
coast. The watch was issued at 2100 UTC 29 August.
or 47 h prior to the time of Emily’s hitting the coast.
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The warning was issued at 1800 UTC 30 August or
26 h in advance.

33 FORECASTS

Emily's recurvature ncar Cape Hatteras was quite
well predicted by the NHC. This can be attributed 10
the generally good performance of the dynamical guid-
ance models in forecasting the track of the hurricane
up (o its point of closest approach to the North Carolina
Outer Banks. The Hurricane Research Division. using
NOAA reconnaissance aircraft, conducted two synop-
tic-flow experiments when difficult evacuation deci-
sions were being made. These provided metcorological
observations, in particular midtropospheric winds, over
a large, normally data-sparse, oceanic area in the path
of the hurricane. These observations were vsed to ini-
tialize the National Meteorological Center's (NMC)
global spectral numerical weather prediction model at
OO0 UTC on 30 and 31 August. Since most of the
NHC track guidance models use the NMC global
model as input, the cnhanced obscervational database
likely had favorable impact on the other models as well.
It should be noted that the NHC (and several of the
models) track forecasts were considerably poorer afier
recurvature, when Emily was moving castward.

f Hurricane Flovd, 7- 10 September

Flovd formed trom a tropical wave that crossed the
west coast of Africa on 28 August accompanied by
relatively large height falls at low levels of the atmo-
sphere. Inland surface reports in the vicinity of Dakar,
and chservatiens from several ships. indicate that the
wave also contained a well-defined low-level cyclonic
circulation surrounding a low pressure center of about
1009 mb on 28 and 29 August.

Satellite pictures indicate that the low moved stead-
ily westward for about a weck with deep convection
periodicatly developing in its viciaity. Initial Dvorak
technique satellite classifications began on 29 August,
but by late 31 August the system became " ‘too weak
to classify’™ when thunderstorm activity nearly ceased.
Deep convection redeveloped on 3 September about
975 km to the east of the Leeward Islands, but signif-
icant strengthening was limited by a southwesterly ver-
tical wind shear.

The arca of disturbed weather then gradually began
to move northwestward and became better organized.
On 6 September, a reconnaissance flight by the U.S.
Air Force Rescrves detected a broad area of surface
pressures near 1011 mb centered within a weak low-
level circulation about 275 km north of the Virgin Is-
lands. On the following day. a reconnaissance mission
detected a 1008-mb low within a small. low-level cir-
culation associated with persistent thunderstorm activ-
ity. Flight-level winds of 30 m s"' were measured at
an altitude of about 470 m that afternoon. The aircraft
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data are the basis for estimating that the system became
a tropical depression during the moming of 7 Septem-
ber and that it strengthened to become Tropical Storm
Floyd during the afternoon.
Floyd quickly became embedded in the fast air cur-
rents between a strong large-scale trough approaching
the tropical cyclone from the northwest and a subtrop-
ical high to the east. The steering llow accelerated
Floyd northwurd to 10 m s ‘. and the storm’s center
passed about 375 km to the west of Berniuda on 8 Sep-
tember. Strong southwesterly wind shear kept the sys-
tem from strengthening and, in fact, the last reconnais-
sance flight in Floyd indicated that the central pressure
had risen to 1012 mb by midday on & Scptember. The
system still appeared sheared on the day’s final visible
satellite pictures, with a low-level cloud center appear-
ing poorly organized on the southwestern edge of the
main arca of convective clouds.
Floyd’s structure changed considerably ovemight
and the storm intensified. By morning, the low-level
circulation center was no longer exposed but was es-
timated to be near the center of the convective overcast.
The storm was racing northeastward at about 18 ms™
near the eastern end of the ribbon of warm Gulf Stream
walers. Beginning near 1500 UTC, satellite imagery
occasionally showed a recessed spot within the deep
clouds near the estimated circulation center that could
be interpreted as a partially formed eye. At 2000 UTC,
the circulation center of Floyd passed about 75 kmto
the northwest of Canadian buoy 44141. The buoy re-
ported u pressure of 998 mb, a sea surface temperature
of 27.1°C, and a peak 2-min wind of 31 ms ' durin
the hour ending at 2000 UTC. It is quite likely that a
1-min wind speed of at least 33 ms ' occurred else-
where within the southern part of the surface circula-
tion, probably a little closer to the circulation center.
Based on this analysis and the hint of an eye on satellie
pictures, Floyd is estimated to have become a hurricane
with 33 m s~" maximum 1-min surface wind speedsat
1800 UTC 9 September.
Floyd’s forward speed continved to increase late o
9 September and early on 10) September. The hurricae
was moving at ncarly 23 m s~' when it began to los
its tropical characteristics over 19°C water. Deep con-
vection diminished on 10 September and, as the day
progressed, it became displaced farther to the northeast
of the estimated low-level circulation center. Ship re-
ports indicated an expanded wind ficld 10 the south. The
system is cstimated to have become an extratropicl
storm with 33 m s ' winds at 1800 UTC 10 September.
Surface data indicate that the extratropical storm de-
celerated on an eastward heading over the following
two days. The system began another deepening phast
on 11 September. and its center neared the Brittany
coast of France carly on |3 September with a pressie
of about 966 mb and maximum sustained surface wink
near 35ms .
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Fi, 6. GOES-7 visible <ateliite image of Hormicane Gert nearing the coust ol Mexivo
an 1307 U 20 September 1993,

v Hurricane Gert, 14-21 September
1) SYNOPTIC HISTORY

A tropical wave passed off the west coast ol Africa
n 5 Septemnber well to the south of Dakar. The wave
noved rapidly {(near 10 m s ') westward across the
tepical Atlantic tor the next several days at rather
ow Jatitudes, causing some enhuncement of convece-
ton in the intertropical coovergence zone. The
doudiness associated with the wave became a little
better organized when the system neared the Wind-
ward Islands. and a weak surface low associated with
he wave passed over Trinidad on ) September.
Dver the next couple of days, most of the system
moved over the extreme northern part of South
smerica. [t cmerged over the waters of the southwest
Caribbean Sea late on 13 September. The upper-tro-
sospheric environment over this region was favora-
bie for development, and deep convection soon or-
anized into curved bands, The tropical depression
sage of Gert began at 1800 UTC 14 September,
shout 170 km off the north coast of Panama,

From the early stages of its existence, 1t was clear
that Gert bad a fairly large-sized circulation. This was
avident not only from sateliite imagery but also trom
rawinsonde data over the western Cuaribbean area. The

depression strengthened to a tropical storm by 1200
UTC 15 September, as the associated cloud patiern
continued to become better organized. Development
was so0n halted, when Gert’s west-northwestward mo-
tion brought the center of the siorm across the coast of
Nicaragua in the vicinity of Bluctields around 1800
UTC 15 September. The center of Gent then began a
nearly 2-day nonhwestward trek over the landmasses
of Nicaragua and Honduras. The system weakened to
a depression about 6 h after moving inland over Nic-
aragua but maintained enough of a surtace circulation,
over land. o retain depression staus tor the next 36 h
This was at least partly auributable to the large diam-
cler of Gert's circulation, which was able to maintain
some vontact with the adjacent Caripbean and Pacitic
wafers,

The depression emerged over the Guif of Honduras
around midday on |7 Scptember and strengthened back
to a tropical stormy based on NHC satelliie classitica-
tions and a repoit of westerly winds of 18 ms ! from
the ship Chiguita Nederlund. Gert was moving north-
northwestward at this time. The northwestward, and
then north-nonhwestward, motion was  apparently
brought about by a mid- to upper-tropospheric cyclone
over the castern Gulf ot Mexico. By 0000 UTC 18
Sepiember. Gert was moving inland again near Belize
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1. 7. Meteosei-3 visible watellite image of Hur

ricane Harvey at 1800 UTC 20 September 1993,

showing the appearance of an eye.

City, Belize, its ume over water being of such short
duration that the cyclone did not strengthen beyond
minimal tropical storm intensity. A midtropospheric
ridge over the northwestern Gulf ot Mexico area forced
Gert to turn back toward the west-northwest, and Gert,
having weakened back to a depression, crossed the Yu-
catin Peninsula on (8 September. The center re-
emerged over water, this time over the Bay of Cam-
peche, late on that day.

Now that the center was over relatively open waters,
the opportunity for significant strengthening existed.
Gert reintensified o a tropical storm by 0600 UTC {9
Scptember, and 24 b later it became a hurricane. The
forward motion slowed to less than 3 ms ' around

0000 UTC 20 September, which allowed more time for
the center to dwell over the warm waters of the south-
west Gulf of Mcxico. Consequently, Gert was able to
strengthen to 1ls maximum intensity of around 44 m ™
just before making its third and final landfall. U.S. Air
Force Reserve reconnaissance reports indicate that the
central pressure felt to 970 mb. Figure 6 shows Gerton
a visible satellite image a lew hours prior to the final
landfall. The eye of Gert. moving westward (or evena
little south of west), crossed the coast of mainland
Mexico just 1o the north of Tuxpan, Mexico, near 2100
UTC 20 September. A portion of the southern eyewal]
passed over Tuxpan around 2000 UTC. After moving
inland, the center accelerated westward. Gert weakened

TapLe 4, Comparison of 1993 Athantic otficial tack forecast ervors trounded (o the nearest kilometer) with 198392 10-yr uverage. A
track lorecast error is defined as the ereat cirele distance between a forecust position and a postanalysis best-track position for the same tme.

Cases include alb subtropical storms, rropical stormns, and hurticanes
forccast pericd,

~Also shown is the tange of the track torecast errors {km} for each

Forecast penod (hy

¥ 12 24 30 48 72
1993 wverage 26 83 143 263 R 444
{Number of vases) 118y ) (813 {7 [0 {41y
198392 average 30 96 1¥5 372 570
1993 departure from 983 92 average —12% 1 2% G 11°%: -12%
1993 error runge 0113 1369 11789 33 AT 48— 163 TR- 1050
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TsBLt 5. Comparison of 10-yr average Atlantic officiul wack
farecast errors trounded 1o the nearest kim) tor 1984293 with 1974—
8. A track forecast cxror is defined as the great cirche distance
tetween a forecast position and a postanalysis best-rrack position for
e sarne time. Cases melude all subtropical storms, tropical storms,
o hurricancs.

Forecast period th

12 24 AN 71
1874 83 mcan |00} 213 476 698
1954 - 03 meiun 96 187 R 339
Departure of 1984-93 44 125 -230% — 205

mean from 1974 B3 mcan

npidly over the Sierra Mudre Oriental of Mexico, and
the cyclone was reduced to a tropical depression just
fier 0600 UTC 21 September. However, the fast-
meving circulation was able to remain mnact while
trossing Mexice, and the center neared the Pacific
wast of Mexico around 1800 UTC 21 September. Tt
emerged over the eastern Pacific waters shortly there-
ifter, where tt was reclassified as Tropical Depres-
stion Fourteen-E.

2} METEOROLOGICAL STATISTICS

No quantitative wind reports were received from
Nicaragua. Chetumal, Mexico, reported winds o 20
ms ', presumably in gusts, around the tme that Gert
was making landfall near Belize (just to the south).
Tuxpan reported winds to 46 m ™', Poza Rica (located
bout 45 km south of Tuxpan) reported winds to near
% m s ', and Tampico reporicd winds to 26 m s ' It
s not known if these were peak pusts or sustained val-
ies, but the former appears more likely.

Gert dumped copious amounts of rainfall over por-
ions of Central America. Tegucigatpa, Honduras, re-
orted 172 mm for the 24-h period ending 1200 UTC
B Scptember. A 24-h rainfall total of 188 mm was
eported from Chetumal for the same period. However,

he most massive rainfall amounts were recorded alter

sert made its third landtall, where the broad circulation
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made contact with the eastern slopes ot the Sierra Ma-
dre Oriental highlands of Mexico. Tunvzabaca, Gallinas,
and Tierra Blanca (all in the state of Sun Luis Potasi)
reported raintall amounts of 427, 326, and 323 mm,
respectively. tor the 24-h period ending near 1800 UTC
21 September, Tempoal and EI Higo (state of Vera-
cruz) measured 339 and 260 mm. respectively, for the
same period. In contrast, Tuxpan (also in Veracruz),
ncar the coast and in the eyewall, but mostly removed
from orographic effects, reported 148 min for the same
24-h period.

3) CASUALTY AND DAMAGE S PATISTICS

The government of Mexico reported that Gert caused
42 deaths and 2 injurics in Mexico. Press reports in-
dicate that there were 21 deaths in Honduras, 8 in Nic-
aragua, 4 in El Salvador, and 1 in Costa Rica. This
makes a total of 76 deaths associated with Gert. Figures
are skeichy on the total number of homeless due to Gert
in Central America, but 00 000 appears o be a con-
servative estimate.

Damage totals are incompicte. The government of
Mexico reported that 29 075 homes were damaged or
destroyed and 145 000 acres of crops were destroyed,
with a total damage estimate of about $156 million in
Mexico. At least $10 million worth of damage report-
cdly occurred in Honduras. mainly in the northern pant
of the country. Reports of “considerable™ damage 1o
roads, by rains and mud slides, were received from Nic-
aragud.

41 WARNINGS

Tropical stormy warnings were 1ssued 15 h prior to
Gert’s landtall in Nicaragua, and 3 h before Gert's
landfall in Belize. A humricanc watch was issucd at
1500 U'TC 19 September. about 30 h prior to landtall
in mainland Mexico (pear Tuxpun}. and a hurricane
warning was issued about 12 h before Gert’s eve
crossed the coast,

TapLe 6. Official maximuwm L-min wind speed forecast errors trounded w the nearest (11 m s 'y for subtropicat storms,

tropical storms. and hurricanes in the Atlantic basing 1993, Error = lorecast — observed.

Forecust periged (h)

3] 12
W3 mcan 04 +11.3
M3 mean absolute 22 kIR
Jumber of cases) (11%) {97}
XTI CTTor —15
M3 Y2 mean -8

RI-92 meun absolute 4.0}
93 departure Irom
1983 Y2 mean absolule

24 36 48 72
o8 04 01 SRR}
50 6.2 7.4 9.5
(81) 70 159 141

18 ~1% 20 -3
1.2 23 25
59 g4 1.6
- 134 126 1%
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h. Hurricane Harvev, 18--2] September

Harvey tormed from a tropical wave that passed to
the south of the Cape Verde Islands on 12 September.
A cloud system center was identified in satellite 1m-
agery on this day, and [Dvorak classifications were
made intermittently over the next scveral days. Ani-
mation of satellite imagery indicated that the distur-
bance graduaily became a little better organized as it
interacted with an upper-level low on 18 September. A
tropical depression formed from the disturbance, about
650 km south-southeast of Bermuda at 1800 UTC on
[8 September based on a reportof 19 m s ™' winds from
a shup with call letters ELFS. The ship was located in
a band of hcavy convection that likely caused the wind
speed in that area to be somewhat higher than was rep-
resentative of the depression’s interior cireulation, cen-
tered about 240 km to the southwest of the ship. This
interpretation is consistent with satellite intensity esti-
mates, which indicated that the system’s maximum sus-
tained winds were [5 m s ' or less at this time, The
depression was moving generally to the nonh-north-
west at 3-5 m s~ but gradually turned more oward
the northeast and accelerated in response to an cast-
ward-moving short-wave trough approaching from the
northwest.

Satellite imagery showed a low-level center exposed
from disorganized deep convection on much ol 18 and
19 September. However, by 1200 UTC 20 September,
the circulation center moved under the deep convection
and the system was upgraded 1o Tropical Storm Har-
vey. The cyclone briefly reached hurricane status at
1800 UTC when an eye appeared in satellite imagery
(Fig. 7). By this time, Harvey was moving toward the
northeast at about 15 ms '.

Harvey continued accelerating toward the northeast
and soon passed over cooler waters. The system was
downgraded to a tropical storm at 0000 UTC 21 Sep-
tember and quickly began to lose tropical characteris-
tics. Harvey was declared extratropical at 1800 UTC
21 September, and the circulation was absorbed into a
tfrontal band by 0000 UTC 22 September.

3. Verification

An “official forecast™ of the center position and
maximum 1-min wind speed is issued by the NHC for
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all tropical and subtropical cyclones in the North At-
lantic Ocean, Caribbean Sea, and Gulf of Mexico.
These forecasts are issued at 6-h intervals, for the pe-
rieds of 12, 24, 36, 48. and 72 h. After cach year's
hurricane scason, the forecasts are verified by compar-
ing them to the “best track™ postanalysis of all avail-
able data. Tabic 4 lists the average official forecast
track crrors for 1993, These errors range from 26 km
for the 0-h forecast ¢i.e.. the initial posttion error) ©
444 km for the 72-h forecast. At all forecast times, the
1993 errors are less than the previous 10-yr { 1983-92)
average, Ovcerall, there has been a gradual decline in
the NHC track forecast errors over the past couple of
decades. Table 5 shows the 1984-93 and the 1974-83
average official track forecast errors at 12, 24, 48, and
72 h. It can be seen from this table that the decrease in
the most recent 1)-yr averages versus those for the pre-
vious decade 13 most pronounced in the latter forecast
time periods.

Table 6 lists the average official forecast wind speed
errors for 1993, It can be seen that the forecasts had a
positive bias (an overforccast) at 12—36 h and a neg-
ative bias { an underforecast ) at 48 and 72 h. The mean
absolute forecast wind speed errors for 1993 were
somewhat smaller than those of the most recent 10-yr
average.
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