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FOREWORD

This document's primary purpose is to provide the means for locating
and extracting GEOS-3 altimeter data acquired for the analysis of specific
hurricanes, typhoons, and other tropical cyclones. This data may also
be extremely useful in the analysis of the behavior of t:e altimeter
instrument in the presence of severe meteorological disturbances as well
as provide a data base which can be useful in the resolution of apparently
anomalous geoid or sea surface characteristics.



1.0 INTRODUCTION

This document is the result of recent efforts tc correlate all
of the GE0S-3 satellite altimeter schedule information with all of
the available 1976 tropical cyclone positional information. The
time period covers from January 28, 1976, through January 2, 1977.
The geographical region includes all ocean area north of the equator
divided into the following operational areas: the Atlantic area
(which includes the Caribbean and Gulf of Mexico); the eastern
Pacific area; the central and western Pacific area; and the Indian
Ocean area.

During the 1976 season, an effort was maintained to schedule
the GEOS-3 altimeter consistent with available tropical cyclone
location information. However, the effort was not nearly as intense
as that employed during the 1975 season. The results of the 1976
efforts appear consistent with the conclusions reached after the
1975 effort - that, with the large number of uncontrolled variables
associated with the GEOS-3 altimeter operations, the success ratio
is mainly due to chance.

The approach taken in producing this document consists of the
following steps:

1. All available source material concerning tropical cyclones
wiés collected.

2. The date/time/location information was extracted for each
disturbance.

3. This information was compared with the GE0S-3 altimeter
ON/OFF history information to determine the existence
of any altimeter data close enough in both time and
lTocation to make the data potentially useful for further
study (the very liberal criteria used was time less than
24 hours and location within 25 degrees).

4. Geographic plots (cyclone versus GEOS-3 orbit track) were
produced for all of the events found showing the approximate

lTocation of the cyclone and the GEOS-3 orbit traces for
the full day.

5. The geographic plots were annotated with the available
cyclone track information and the pertinent GE0S-3 altimeter
schedule information (orbit number, time of the point of
closest approach, etc.).

6. The basic source material as well as the resulting geographic
plots were grouped together and are presented for each of
the tropical cyclones considered.

The altimeter mode information indicated on the daily GEOS/Cyclone
plots can be decoded as follows:

1.141
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Mode #

702

703

m

708

802

Mode
Altimeter Intensive Mode
Data Rate - Lo (TM Form 1)
Altitude Data Rate - 10/sec
Waveform Data and Rate - 16 averaged
::zﬁform samples at one per =2.2 seconds

Both pre and post bit-cal performed

Global Mode Data
Lo Data Rate (TM Form 1)

Both pre and post bit-cal performed

Altimeter Intensive Mode

Data Rate - Hi (TM Form 3)

Altitude Data Rate - 100/sec

Waveform Data and Rate - 8 even numbered
instantaneous waveform samples at 100/sec
each. 16 averaged waveform samples at one
per =3.2 seconds each

Both pre and post bit-cal performed

Altimeter Intensive Mode
Data Rate - Hi (TM Form 2)

Waveform Data and Rate - 16 instantaneous
waveform samples at 100/sec each

Both pre and post bit-cal performed

16 averaged waveform samples at one per =3.2
seconds each

Altimeter Intensive Mode
Data Rate Lo (TM Form 1)

16 averaged waveform samples at one per 2,2
seconds each

1.1-2
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Mode # Mode
803 * Global Mode Data
Lo Data Rate (TM Form 1)

808 * Altimeter Intensive Mode
Data Rate Hi (TM Form 2)
16 instantaneous waveform samples at 100/spc  each

16 averaged waveform samples at one per 3.2 seconds
each

Table 1-1 and Table 1-2 list those GEOS tracks which show the best
possibility of correlation with tropical cyclone activity. These
summary lists were compiled from all of the daily GEOS/cyclone plots.
Table 1-1 is listed in time order while Table 1-2 is listed by storm
and regional area, each table showing the GEOS revolution number,
disturbance name and the page number of the corresponding GEOS/cyclone
ground track plot. It should be pointed out that the GEQ0S-3
altimeter on/off information is basically schedule information and

no attempt has been made to correlate this with the actual existence
of data.

1.1-3



Table 1-1. Summary Listing of Scheduled GEQS
Revalution Number vs Cyclone

Cyclone Date Page #
Typhoon Marie 4/04 4.2-5
TC20-76 4/29 5.2-2
Typhoon 0lga 5/15 4.3-6
Typhoon 0lga 5/18 4.3-7
Typhoon 0Olga 5/19 4.3-8
Typhoon 0lga 5/19 4.3-8
Typhoon 0lga 5/20 4,3-9
Typhoon Olga 5/21 4.3-10
Subtropical Storm Pamela 5/21 4.4-7
Subtropical Storm #1 5/21 2.2-3
Subtropical Storm #1 5/22 2.2-4
Typhoon 0Olga 5/22 4.3-
Subtropical Storm #1 5/23 2.2-5
Typhoon 0Olga 5/23 4,3-12
Typhoon 0lga 5/23 4.3-12
Typhoon 0Olga 5/24 4,3-13
Typhoon Qlga 5/24 4.3-13
Typhoon 0lga 5/26 4.3-15
Typhoon Qlga 5/26 4.3-15
Tropical Cycione One 6/02 3.2-3
Hurricane Annette 6/03 3.3-4
Hurricane Annetie 6/04 3.3-5
Kurricane Annette 6/04 3.3-5
Hurricane Annette 6/08 3.3-6
Hurricane Annette 6/08 3.3-6
Hurricane Bonny 6/28 3.4-3
Tropical Cyclone Four 6/28 3.5-3
Tropical Storm Anna 7/30 2.3-3
Tropical Storm Anna 7/31 2.3-4
Tropical Storm Anna 8/01 2.3-5
Hurricane Belle 8/07 2.4-5
Hurricane Belle 8/08 2.4-6
Hurricane Hyacinth 8/08 3.6-4
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Orbit #

6884
6£85
6893
6898
6899
6900
63907
6913
7021
7027
7035
7035
7036
7036
7041
7041
7049
7049
7070
7076
7078
7G84
7084
7090
7092
7092
7098
7098
7106
7106
noz
7112
7120
nz2z

Table 1-1 (cont.)

Cyclone

Hurricane Belle
Hurricane Belle
Hurricane Belle
Hurricane Belle
Hurricane Belle
Hurricane Belle
Hurricane Belle
Hurricane Belle
Hurricane Candice
Hurricane Candice
Hurricane Candice
Tropical Storm Dottie
Hurricane Candice
Tropical Storm Dottie
Hurricane Candice
Tropical Storm Dottie
Hurricane Candice
Tropical Storm Dottie
Tropical Storm Dottie
Hurricane Emmy
Hurricane Candice
Hurricane Candice
Hurricane Emmy
Hurricane Emmy
Hurricane Candice
Hurricane Emmy
Hurricane Candice
Hurricane Emmy
Hurricane Candice
Hurricane Emmy
Hurricane Iva
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy

Date

o/08
8/08
§/09
8/09
8/09
8/09
8/10
8/10
8/18
8/18
8/19
8/19
8/19
8/19
8/19
8/19
8/20
8/20
8/21
8/22
8/22
8/22
8/22
8/23
8/23
8/23
8/23
8/23
8/24
8/24
8/24
8/24
8/28
8/25

Page #

2.4-6
2.4-6
2.4-7
2.4-7
2.4-7
2.4-7
2.4-8
2.4-8
2.5-3
2.5-3
2.5-4
2.6-4
2.5-4
2

.5-4
.6-4

.6-5
.6-6

.5-7
.5-7
.7-4
.7-5

.7-5
.5-8

.5-9
.7-6
.7-4
.7-6
-7
-7
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Orbit #

7149
7155
7161
7163
7164
7169
7169
7175
777
Nn77
7182
7183
7185
7196
7198
7204
7204
t 7212
’ 7220
7226
7234
7246
7246
7248
7253
7260
7261
7261
| 7264
' 7313
7397
* 7405
] 7411
7425
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Table 1-1 (cont.)

Cyclone

Hurricane Emmy
Hurricane Emmy
Hurricane Frances
Hurricane Emmy
Hurricane lva
Hurricane Emmy
Hurricane Frances
Hurricane Frances
Hurricane Emmy
Hurricane Frances
Hurricane Emmy
Hurricane Frances
Hurricane Iva
Hurricane Emmy
Hurricane Frances
Hurricane Emmy
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Emmy
Hurricane Frances
Hurricane Frances
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Frances
Tropical Storm Joanne
Hurricane Kathleen
Subtropical Storm #3
Subtropical Storm #3
Subtropical Storm #3
Subtropical Storm #3

1.

1-6
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Page #

2.7-9
2.7-9
2.9-3
2.7-10
.7-5
.7-10
2.9-3
2.9-4
2.7-1
2.9-4
2.7-1
2.9-4
3.7-6
2.7-12
"2.9-5
2.7-13

2.9-6
2.9-7

.9-8
.7-16

2

2

2

2
2.9-9
2.7-16
2.7-17
2.7-17
2.9-10
3
3
2
2
2

L !
L S



Table 1-1 (cont.)

Cyclone Date Page # _
Hurricane Liza 9/25 3.10-4 \'
Hurricare Gloria 9/27 2.10-3 '
Hurricane Gloria 9/27 2.10-3
Hurricane Gloria 9/27 2.10-3
Hurricanz Madelina 9/29 3.11-5
Hurricane Gloria 9/28 2.10-4
Hurricane Gloria 9/28 2.10-4
Hurricane Gloria 9/29 2.10-5
Hurricane Gloria 9/29 2.10-5
Hurricane Gloria 9/30 2.10-6
Hurricane Gloria 9/30 2.10-6
Hurricane Liza 9/30 3.10-5
Hurricane Gloria 10/01 2.10-7
Hurricane Gloria 10/01 2.10-7
Hurricane Gloria 10/01 2.10-7
Hurricane Gloria 10/02 2.10-8
Hurricare Gloria 10/02 2.10-8
Hurricane Gloria 10/02 2.10-8
Hurricane Gloria 10/03 2.10-9
Hurricane Gloria 10/03 2.10-9
Hurricane Gloria 10/03 2.10-9
Hurricane Gloria 10/03 2.10-9
Hurricane Gloria 10/04 2.10-10
Hurricane Gloria 10/04 2.10-10
Hurricane Holly 10/23 2.11-3
Hurricane Holly 10/23 2.11-3
Hurricane Holly 10/23 2.11-3
Hurricane Holly 10/24 2.11-4
Hurricane Holly 10/25 2.11-5
Hurricane Holly 10/25 2.11-5
7994 Hurricane Holly 10/26 2.11-6
8001 Hurricane Holly 10/26 2.11-6
8002 Hurricane Holly 10/26 2.11-6
8006 Hurricane Holly 10/26 2.11-6
8007 lurricane Holly 10/26 2.11-6
8008 Hurricane Holly 10/27 2.11-7

1.1-7




Table 1-1 (cont.)

Orbit # Cyclone Date Page #
8016 durricane Holly 10/27 2.11-7
8020 Hurricane Holly 10/27 2.11-7
8021 Hurricane Holly 10/27 2.11-7
8022 Hurricane Holly 10/28 2.11-8
8030 Hurricane Holly 10/28 2.11-8
8035 Hurricane Holly 10/28 2.11-8
8036 Hurricane Holly 10/28 2.11-8
8048 Hurricane Holly 10/29 2.11-9
8049 Hurricane Holly 10/29 2.11-9
8063 Subtropical Storm Louise 10/30 4.5-6

1.1-8




Table 1-2. Summary Listing of Cyclone vs. GEOS
Revolution Number According to Area

2.0 ATLANTIC AREA

Cyclone Name Date GEOS Orbit Page #

Subtropical Storm "1 5/21 5770 2.2-3
Subtropical Storm #1 5/22 5776 2.2-4
Subtropical Storm #1 5/23 5790 2.2-%
Subtropical Storm #3 9/13 7397 2.8-3
Subtropical Storm #3 9/13 7405 2.8-3
Subtropical Strom #3 9/14 7411 2.8-4
Subtropical Storm #3 9/14 7425 2.8-4
Tropical Storm Anna 7/30 6756 2.3-3
Tropical Strom Anna 7/31 6763 2.3-4
Tropical Storm Anna 8/01 6777 2.3-5
Hurricane Belle 8/07 6871 2.4-5
Hurricane Belle 8/08 6879 2.4-6
Hurricane Belle 8/08 6884 2.4-6
Hurricane Belle 8/08 6885 2.4-6
Hurricane Belle 8/09 6893 2.4-7
Hurricane Belle 8/09 6898 2.4-7
Hurricane Belle 8/09 6899 2.4-7
Hurricane Belle 8/09 6900 2.4-7
Hurricane Belle 8/10 6907 2.4-8
Hurricane Belle 8/10 6913 2.4-8
Hurricane Candice 8/18 7021 2.5-3
Hurricane Candice 8/18 7027 2.5-3
Hurricane Candice 8/19 7035 2.5-4
Hurricane Candice 8/19 7036 2.5-4
Hurricane Candice 8/19 7041 2.5-4
Hurricane Candice 8/20 7049 2.5-5
Hurricane Candice 8/22 7078 2.5-7
Hurricane Candice 8/22 7084 2.5-7
Hurricane Candice 8/23 7092 2.5-8
Hurricane Candice 8/23 7098 2.5-8
Hurricane Candice 8/24 7106 2.5-9




Cyclone Name

Tropical Storm Dottie
Tropical Storm Dottie
Tropical Storm Dottie
Tropical Storm Dottie
Tropical Storm Dottie
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emny
Hurricane Emny
Hurricane Emmy
Hurvicane Emmy
Hurricane Emmy
Hurriczne Emmy
Hurricane Enmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Emmy
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances
Hurricane Frances

Table 1-2 (cont.)

Date

8/19
8/19
8/19
8/20
8/21
8/22
8/22
8/23
8/23
8/23
8/24
8/24
8/25
8/25
8/27
8/27
8/28
8/28
8/29
8/29
8/30
8/31
9/03
9/03
9/04
9/04
8/28
8/28
8/29
8/29
8/29
8/30
8/31
8/31

1.1-10

Orbit

7035
7036
7041
7049
7070
7076
7084
7090
7092
7098
7106
7112
7120
27
7149
7155
7163
7169
7177
7182
7196
7204
7246
7253
7260
7261
7161
7169
7175
177
7183
7198
7204
7212

Page #
.6-4
.6-4

.6-5
.6-6

.7-4
.7-5

.7-5
.7-6
.7-6
SIATA

.7-9

.7-9

.7-10
.7-10
L7-11
-1
.7-12
.7-13
.7-16
.7-16
7=-17
.7-17
«9-3

.9-4
.9-4

.9-5
.9-6




Table 1-2 (cont.)

Cyclone Name Date Orbit Page #
Hurricane Frances 9/01 7220 2.9-7
Hurricane Frances 9/01 7226 2.9-7
Hurricane Frances 9/02 7234 2.9-8
Hurricane Frances 9/03 7246 2.9-9
Hurricane Frances 9/03 7248 2.9-9
Hurricane Frances 9/04 7261 2.9-10
Hurricane Gloria 9/27 7588 2.10-3
Hurricane Gloria 9/27 7595 2.10-3
Hurricane Gloria 9/27 7596 2.10-3
Hurricane Gloria 9/28 7605 2.10-4
Hurricane Gloria 9/28 7610 2.10-4
Hurricane Gloria 9/29 7618 2.10-5
Hurricane Gloria 9/29 7624 2.10-5
Hurricane Gloria 9/30 7632 2.10-6
Hurricane Gloria 9/30 7637 2.10-6
Hurricane Gloria 101 7645 2.10-7
Hurricane Gloria 10/1 7651 2.10-7
Hurricane Gloria 10/1 7652 2.10-7
Hurricane Gloria 10/2 7659 2.10-8
Hurricane Gloria 10/2 7665 2.10-8
Hurricane Gloria 10,2 7666 2.10-8
Hurricane Gloria 10/3 7673 2.10-9
Hurricane Gloria 10/3 7675 2.10-9
Hurricane Gloria 10/3 7679 2.10-9
Hurricane Gloria 10/3 7680 2.10-9
Hurricane Gloria 10/4 7689 2.10-10
Hurricane Gloria 10/4 7693 2.10-10
Hurricane Holly 10/23 7959 2.11-3
Hurricane Holly 10/23 7964 2.11-3
Hurricane Holly 10/23 7965 2.11-3
Hurricane Holly 10/24 7973 2.11-4
Hurricane Holly 10/25 7986 2.11-5
Hurricane Holly 10/25 7993 2.11-5
Hurricane Holly 10/26 7994 2.11-6

.1
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Table 1-2 (cont.)
Cvclone Name Date Orbit Page #

Hurricane Holly 10/26 8001 2.11-6
Hurricane Holly 10/26 8002 2.11-6
Hurricane Holly 10/26 8006 2.11-6
Hurricane Holly 10/26 8007 2.11-6
Hurricane Holly 10/27 8008 2.11-7
Hurricane Holly 10727 8016 2.11-7
Hurricane Holly 10/27 8020 2.11-7
Hurricane Holly 10/27 8021 2.11-7
Hurricane Holly 10/28 8022 2.11-8
Hurricane Holly 10/28 8030 2.11-8
Hurricane Holly 10/28 8035 2.11-8
Hurricane Holly 10/28 8036 2.11-8
Hurricane Holly 10/29 8048 2.11-9
Hurricane Holly 10/29 8049 2.11.9

1.1-12



G

Table 1-2 (cont.)
3.0 EASTERN PACIFIC & U. S. WEST COAST

Cyclone Name Date ‘ Orbit Page # ¢
Tropical Cyclone One 6/02 5934 3.2-3
Hurricane Annette 6/03 5955 3.3-4
Hurricane Annette 6/04 5961 3.3-5
Hurricane Annette 6/04 5969 .3-5
Hurricane Annette 6/08 6020 3-6
Hurricane Annette 6/08 6026 3-6
Hurricane Bonny 6/28 6318 4-3

3

3

3

3

Tropical Cyclone Four 6/28 6318 3

Hurricane Hyacinth 8/08 6879 3
Hurricane Iva 8/24 7107 3.7-4

3

3

3

3

3

3

3

Hurricane Iva 8/28 7164
Hurricane Iva 8/29 7185
Tropical Storm Joanne 9/04 7264
Hurricane Kathleen 9/04 7313
Hurricane Liza 9/25 7562
Hurricane Liza 9/30 7640
Hurricane Madeline 9/29 7604

.10-4
.10-5
.11-5




Table 1-2 (cont.)
4.0 CENTRAL & WESTERN PACIFIC AREAS

Cyclone Name Date Orbit Page #
Typhoon Marie 4/04 5106 4.2-5
Typhoon 0lga 5/15 5684 4.3-6
Typhoon 0Olga 5/18 5720 4.3-7
Typhoon 0lga 5/19 5734 4.3-8
Typhoon 0lga 5/19 5741 4.3-8
Typhoon 0l1ga 5/20 5755 4.3-9
Typhoon 01ga 5/21 5762 4.3-10
Typhoon 01ga 5/22 5783 4.3-1
Typhoon 01ga 5/23 5791 4.3-11
Typhoon 01ga 5/23 5798 4.3-11
Typhoon 01ga 5/24 5805 4.3-12
Typhoon 0lga 5/24 5812 4.3-12
Typhoon Olga 5/25 5826 4.3-13
Typhoon Glga 5/26 5834 4,3-14
Super Typhoon Pamela 5/21 5762 4.4-7
Super Typhoon Louise 10/30 8063 4.5-6




= T IRy - TETRET T T T

5.0  NORTH INDIAN OCEAN AREA

Cyclone Name
Tropical Cyclone 20-76

Table 1-2 (cont.)

Date

4/29

1.1-15

Orbit
5451

Page #

5.2-5

R
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2.0 ATLANTIC AREA TROPICAL AND SUBTROPICAL CYCLONES

2.1 General

The data presented in this section on tropical and subtropical
cyclones occurring in the Atlantic area were extracted frum the National
Hurricane Center's document, "Annual Data and Verification Tabulation
Atlantic Tropical Cyclones 1976," and from the Monthly Weather Review's
article "Atlantic Hurricane Season of 1976," by Miles B. Lawrence. During
the 1976 season, there were a total of 10 cyclones that occurred in this
area as listed below:

Subtropical Storm No. 1 (05/21/76 - 05/25/76)
Tropical Storm "Anna" (07/28/76 - 08/06/76)
(Subtropical Storm No. 2)

Hurricane "Belle" (08/06/76 - 08/10/76)
Hurricane "Candice" (08/18/76 - 08/24/76)
Tropical Storm "Dottie" (08/17/76 - 08/21/76)
Hurricane "Emmy" (08/20/76 - 09/04/76)
Hurricane "Frances" (08/27/76 - 09/07/76)
Subtropical Storm No. 3 (09/13/76 - 09/17/76)
Hurricane "Gloria" (09/26/76 - 10/04/76)
Hurricane “"Holly" (10722776 - 10/28/76)

Ground track plots of the Atlantic subtropical cyclones are shown
in Figure 2-1 and track plots for the Atlantic tropical cyclones are shown
in Figure 2-2.

Results of the comparison of the cyclone information and the GEQS-3
schedule information indicates that all of the cyclones may have associated
GEOS altimeter data. A1l information as available for these cyclones along
with any promising GEOS ground track maps are presented in the following
sections.
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Tracks of North Atlantic Subtropical Cyclones, 1976.
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SUBTROPICAL STORM #]1
May 21-25, 1976

On May 21, reports from the NOAA Buoy EBO4 (26°N, 90°W) and ship
observations indicated a low-pressure system was developing over the central
Gulf of Mexico. The low gained strength and drifted northwest unti) becoming
nearly stationary on May 22 Jjust north of EBO4.

A developing trough in the westerlies over the Mississippi Valley began
to influence the low on May 23 and the system strengthened to subtropical
storm intensity. The storm accelerated toward the east-northeast at 20 kt
and crossed north Florida and southwest Georgia that afternoon. The system
rontinued into the Atlantic and merged with a frontal system by May 25.

The development of the storm had some characteristics of a tropical
system while in the Gulf of Mexico, but the environment remained cold and
the approach of an upper trough prevented any further warming of the system.
However, the upper trough did contribute to the strengthening of the low
and a lowest pressure of 994 mb was estimated on May 24 when the storm was
otfshore of the Carolinas. Highest winds were 45 kt.

Tides of 1-2 ft above normal occurred along the Gulf coast from Tampa
to Pensacola, and combined with large swells, caused beach erosion in this
area. Heavy rainfall was reported over eastern South Carolina with 5 inches
at Charleston. Damage from the storm was minimal and rainfall was beneficial

to the southeastern states since precipitation had been below normal in this
area.
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DISTURBANCE : s UBTROPICAL STORM #1
DATE : May 21 - 25, 1976
_ Position Pressure Wind

Date | Time [Tatitude |Longitude (MBS) (KTS) Stage
5/21 12002 24. 0N 89.0W 1010 Low
5/22 0000z 25.40 90. 04 1004 Low

12002 27.0 91.0
5/23 0000z 26. 34 89.0 Subtropical Storm

12002 28.5 86.0 998
5/24 0000z 31.Q 82.0u Subtropical Storm

12002 33.0 78.0 996
5/25 00002 34.0H4 74.04 994

12002
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TROPICAL STORM ANNA
(Subtropical Storm No. 2)

Juiy 28 - August 6, 1976

The first named storm of the 1976 season began as a subtropical
depression late on July 28, several hundred miles southeast of Bermuda.
As the system moved toward the east-northeast, it gradually strengthened,
reaching subtropical storm force early on July 30, approximately 100 nm
southwest of the Azores.

A ship, M/S Pointe Alleqre, confirmed the presence of the second
subtropical storm of the season by passing through the center at 0200 GMT
July 30. This vessel reported a barometric fall from 1014 to 999 mb
followed by a rapid rise to 1010 mb, all of this within a 1 hour period.
The ship experienced heavy thunderstorms with gusts to 60 kt and winds
shifting from southeast to south-southwest to northwest.

The storm continued toward the east-northeast and began to rapidly
acquire tropical characteristics, as inferred from satellite pictures.
It was named Tropical Storm Anna on the afternoon of July 30 and then
continued in a northeasterly direction sustaining winds of about 40 kt.

As Anna crossed south of the Azores on August 1, its path became
blocked by a surface ridge to the east and north. The cloud pattern
became disorganized and tropical characteristics were lost. After the
storm became extratropical, a ship encountered the system 400 nm northeast
of the Azores and at 1200 GMT August 2, an east wind of 46 kt and a 998.5 mb
central pressure were reported. The storm's motion was blocked for the
next 3 days as it made a slow counterclockwise loop through the Azores.
By now the system was quite weak and passed east of the Azores as a
1015 mb Tow pressure system on August 6.

There were no wind reports from the Azores above gale force except

after Anna had become extratropical, and there were no reports of damage
or casualties.
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DISTURBANCE : TROPICAL STORM ANNA (Subtropical Storm #2)
DATE: July 28 - August 6, 1976
Position Pressure Wind
Date Time | Latitude [Longitude (MBS) (KTS) Stage
7/28 18302 28.0N 52.20
7/29 0600z 28. 21 50.1W Suttropical Depression
12302 28.2 49.9 1012 25
18302 27.9 48.0
7/30 0030z 28.3N 45, 6W 1005 30 Subtropical Depression
06307 30.0 41.9 30
12302 30.1 39.9 40 Subtropical Storm
18002 30.5 37.7 40 Tropical Storm
7/31 0000z 31.3N 35.7W 999 40 Tropical Storm
e 0600z 31.9 33.6 40
12002 32.5 31.5 40
1800 33.2 29.4 40
8/1 0000z 33.91 27. 14 999 35 Tropical Storm
06002 35.0 24.9
12302 Extratropical

2.3-2
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TROPICAL STORM ANNA - 8/1/76 (00002)
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HURRICANE BELLE
August 6-10, 1976

The precursor of Belle moved westward off of the African Coast on
July 28. It was the 20th tropical system of 1976 to be tracked across the
Atlantic and was well defined. On July 31, in the mid-Atlantic, the system
was better organized than most waves seen in this area. Satellite pictures
indicated a possible lower-tropospheric circulation and much convection.

The wave traveled across the Atlantic at about 20 kt.
itself continued westward into the Caribbean, the major convection separated
Just east of the Leeward Islands and moved northwestward and slowed down,
reaching a position just east of the northern Bahamas on August 5.

Khile the wave

By this time, the convection was concentrated over a circular area 300-
400 nm wide. And late on August 5, a well-defined cirrus-level outflow was
indicated. Finally, early on August 6, surface winds reached 25 kt with a

minimum central pressure of 1012 mb and the system was upgraded to a tropical
depression.

As Belle increased in strength, its status was

on the evening of August 6 and to a full hurricane d
August 7.

upgraded to tropical storm
uring late afternoon on

As a tropical depression and for the first few hours as a tropical storm,
Belle's position remained about 250 nm east-northeast of Nassau in the Bahamas.
Actually during this time there was a small cyclonic looping motion. But soon

after reaching tropical storm intensity, acceleration began toward the north-
This northward motion continued for

west and toward the north by August 8.
the next two days while forward speed increased to 20-25 kt.

Landfall was made early on August 10 (0500 GMT or 0100 EDT) on the south
coast of Long Island. The point of landfall ig estimated to be in the vicinity
of Jones Beach on western Long Island.

The storm moved northward across Long Island, then over Long Island Sound,
reaching the Connecticut coast near Bridgeport. Belle's course continued
across west central Massachusetts into southwest New Hampshire, finally north-

eastward into western Maine, During this later period, over New Hampshire and
Maine, tropical Characteristics were lost.

2.4-1
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As is the case with almost every storm that moves very near and parallel
to the U.S. east coast, it was necessary to place a hurricane watch and/or
warning over a rather large segment of the Eastern Seaboard. Belle was no
exception. The entire coastline from Georgia northward to Maine was eventually
placed under a hurricane watch.

Hurricane warnings were first announced for the Outer Banks of North
Carolina from Kitty Hawk to Cape Lookout. This was on the afternoon of
August 8. By the evening of August 9, warnings had extended northward through
Maine.

By midday on August 9, the public advisories started mentioning central
or eastern Long Island as the point of landfall. Coastal storm tides of 8 ft
or more above normal were emphasized as well as high winds near landfall. An
inland flash flood threat was expressed for much of the northeast as heavy
rain had already been occurring not associated with Belle. In addition, tides
of 12-15 ft above normal in some bays and inlets were considered possible near
the center.

However, the storm had been on a weakening trend for about 24 hours prior
to landfall, so that at the time of landfall the estimated maximum sustained
winds were 65 kt and minimum sea level pressure was up to near 980 mb.

One of the reasons for this significant weakening before landfall is the
fact that Belle's northward motion remained at speeds less than 25 kt. This
allowed more time for the storm to travel over the colder waters of the Atlantic.

Estimates of damage caused by strong winds were minimal. Reports indicate
that maximum sustained winds were mostly less than hurricane force over most
of the warning area. Steady northwest 55-65 kt winds were estimated along the
Outer Banks of North Carolina during the period that Belle passed just offshore.
Moving northward, the next highest wind reported was 50 kt with gusts to 60 kt
at Ocean City, MD. Along the New Jersey coasti, 30-40 kt was common but the
Bottom estimated 55 kt with gusts to 80 kt, and ianasquun estimated 70 kt gusts.

Tidal variation associated with the storm surge was generally about 3 ft
above normal over much of the warning area. However, at some locations from
New Jersey southward, tides were somewhat below normal due to an offshore
wind component.

Rainfall amounts of 4-5 inches during the 24 hour period of Belle's
passage were common over much of the warning area as well as quite a distance
inland, especially in the western and northern mountains of New England.

Because of widespread precipitation throughout the area for a day or
two immediately prior to the hurricane, there was considerable small stream
flooding and flooded roads. Crop damage was spotty and although there were
some losses to bottomland crops, the New England Crop and Live-Stock Reporting
Service said "Damage from Hurricane Belle was much less than anticipated...".
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In New England, there were three deaths which were attributed to Belle:
two drowned in southern Vermont when a foot bridge was swept from under them.
In Connecticut, a woman was killed in Barkhamstead when her car skidded into
a tree. At Norfolk, VA, a traffic accident due to heavy rain resulted in one
death. In New York, a falling tree was responsible for one fatality. There-

Reports of dollar damage as well as how many persons evacuated are
difficult to estimate. The largest figure available for evacuation is that
of 250,000 people along the New Jersey shore. A combined figure of near
30,000 people has been given for New York City and Suffolk County, New York.
Connecticut reports approximately 5000 evacuated. Down on the North Carolina
coast, 10,000 people évacuated. Unknown thousands were most likely evacuated
elsewhere in New England and along the Eastern Seaboard. It can therefore be
concluded that nearly half a million people evacuated in anticipation of the
danger of Belle's storm surge.

The total damage estimate for the United States is $100 million. This
is mainly a result of agricultural crop damage in the northeast United States,
although other property damage (dwellings, boats, commercial and beachfront
structures) accounts for a considerable percentage. This figure is based
primarily on data provided by the Property Claim Services of the American
Insurance Association,
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DISTURBANCE: HURRICANE BELLE
DATE: August 6-10, 1976
Position .
. Pressure Wind
Date | Time ™\t tude | Longitude (MB) (KTS) Stage
8/7 00302 26.1N 72.94 40 Tropical Storm
06302 25.8 73.1 45
12007 26.2 73.7 993 50
18302 26.6 74.3 65 Hurricane
8/8 0030z 27.1N 74. 8\ 77 Hurricane
06307 27.5 75.2 84
13012 28.5 751 8¢
18032 29.4 75.4 964 80
8/9 00302 31.1IN 75.0W 90 Hurricane
06302 32.4 75.2 90
12282 34.7 74.8 965 75
18002 36.8 74.5 an 70
8/10 00302 39.5N 73.54W 77 Hurricane
05532 41.0 73.5 50 Tropical Storm
2.4-4



HURRICANE BELLE - 8/7/76 (0000Z - 2400Z)
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HURRICANE CANDICE
August 18-24, 1976

Candice originated as a baroclinic system. As early as August 11, a
cold low was clearly evident at 200 mb, centered about 500 nm southeast of
Bermuda. At this time there was no reflection of the system on the surface
pressure analysis; in fact, a surface ridge of high pressure extended north-
south along 60°W longitude. The outline of the cold low was clearly seen
on a movie loop made from successive satellite pictures.

This upper low drifted northwestward for the next few days and convective
cloudiness increased, but it was not until August 15 that a broad low pressure
area was detected on surface charts. Meanwhile, the low at 200 mb was becoming
less well defined; by August 17 only an upper trough west of the surface low
could be identified and the flow above the surface ow became increasingly

anticyclonic. This suggested a general warming of the system and a transfor-
mation to tropical structure.

At 1200 GMT August 18, about 200 nm west of Bermuda, the low was clas-
sified as a tropical depression as satellite pictures showed increasingly
better organization and a ship renorted winds qusting to 40 kt. Development
continued and it was named later on the same day.

As the storm moved northeastward about 15 kt, slight weakening occurred
beginning on the afternoon of August 19 and continuing until the following
afternoon, when the storm again began to deepen. It became a hurricane during
the night of August 20. Maximum intensity was reached on the afternoon of

August 22 when the lowest pressure dropped to 964 mb and maximum sustained
winds were 80 kt.

Early on August 24, the hurricane was overtaken by a rapidly moving cold
front east of Cape Race, Newfoundland. It rapidly lost its identity as a
tropical system while accelerating northeastward over the open Atlantic.

Candice initially took a north-northeast course around the periphery of
a 1031 mb high centered just west of the Azores. By August 21 the central
pressure of the high had dropped to 1026 mb and as steering currents became
balanced, the hurricane drifted southeastward for about 24 hours. It began
to be infiuenced by a prefrontal trough on August 22, after which it accel-
erated northeastward.

There were no known casualties or damages associated with Candice.

CGINAL Pis T
OF POOR QUALITY

2.5-1




HURRICANE CANDICE

DISTURBANCE:
DATE: _ August 18-24, 1976
Position :
: Pressure Wind
Date | Time [ o¢itude | Longitude (MB) (KTS) Stage
8/18 18302 34.0N 67.7W 27 Tropical Depression
8/19 00302 35.3N 66.3W 40 Tropical Storm
06302 37.0 65.2 45
11542 37.5 65.2 996 55
18302 38.1 64.1 45
8/20 00002 39.0N 63.7W 1006 40 Tropical Storm
06302 40.0 62.5 45
12302 40.2 61.7 45
18302 40.6 61.1 45
8/21 00302 41.3N 60.0W 45 Tropical Storm
0630Z 41.2 58.9 45
1204Z 41.90 59.3 989 a5
1830Z 40.4 58.8 45
8/22 00302 40.3N 57.8W 65 Hurricane
0630Z 40.8 57.8 65
12312 4.1 56.7 65
18312 41.2 56.8 65
8/23 00302 41.6N 55.6W 65 Hurricane
0630Z 42.5 54.2 65
12302 43.2 52.8 65
18302 44.6 50.9 65
8/24 00302 46. 1 48,14 65 Hurricane
06302 47.2 45.7 65 Extratropical
’
2.5-2
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HURRICANE CANDICE

- 8/19/78 (0000Z - 2400Z)
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HURRICANE CANDICE - 8/21/76 (0000Z - 24002)
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HURRICANE CANDICE -

8/22/76 (0000Z - 2400Z)
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00002 40.3N 57.9W 7077 119.80 044725 05277 No
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TROPICAL STORM DOTTIE
August 17-21, 1976

Dottie began spectacularly and ended ignominiously. The initial low
center which became Dottie formed about 150 nm northwest of Key West during
the evening of August 17 in response to a strong upper level trough which
moved rapidly southward into the eastern Gulf of Mexico. On the next morning,
the center consolidated between Dry Tortugas and Key West as pressure fell
8 mb in 24 hours in the area. The depression drifted slowly east and north-
east during the next 24 hours with the pressure falling to 1004 mb at Key West
during the early morning hours of August 19.

The system moved northeast rapidly during the morning and was named
Dottie that afternoon as it reached the Atlantic near Palm Beach. The depres-
sion was not upgraded to a storm in the morning because of the uncertainty
that the center might remain over land. However, post-analysis indicates
storm strength was attained by 1200 GMT. Air Force reconnaissance reports
indicated 35 kt winds near the middle Keys around mid-morning and 35-45 kt
gusts were reported in the middle and upper Keys and on Grand Bahama during
the day. In addition, 24 hour rainfall amounts of 5 inches were common in
the Greater Miami area with one report of over 8 inches in Coral Gables.

Building high pressure north of the storm indicated Dottie would turn
more to the west. Also, conditions appeared favorable for further streng-
thening. Accordingly, gale warnings were issued at 2200 GMT August 19 from
Jacksonville, FL, to Virginia Beach, including Pamlico and Albermarle Sounds,
and a hurricane watch from Savannah, GA, to Cape Hatteras, NC. The hurricane
watch was extended to Jacksonville at 1000 GMT the next morning when it
appeared the center was slowing and turning more to the west. However, the
storm continued north and moved inland near Charleston, SC during the evening.

Dottie strengthened after moving off the Florida coast and an Air Force
plane found the storm's minimum central pressure of 996 mb and maximum esti-
mated surface winds of 45 kt around 0600 GMT August 19 when the center was
about 75 miles northeast of Daytona Beach. Strong high-level winds over the
storm caused weakening thereafter and Dottie was barely of tropical storm
strength at landfall.

Gusts of 35-40 kt were reported at beach locations near Wilmington, NC.
Tides were 3.5 ft above normal at Atlanta Beach, NC, and ranged from 1-2 ft
above normal from Jacksonville Beach to the North Carolina Outer Banks.
Carolina Beach had a storm rainfall of 7.78 inches with amounts of 4-6 inches
over the remainder of coastal North Carolina near Wilmington.

The low pressure center which was the remnant of Dottie moved back over
the water on August 22. It almost retraced the storm track, south and then
southwest across central Florida into the Gulf of Mexico where it lost its
identity on August 25. No strong winds or significant shower activity were
associated with the low and it has not been included in the track.
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Four deaths resulted from Dottie when a fishing boat when down on
August 19 near Grand Bahama Bank. Damage from the storm was minor,
occurring mainly as beach erosion from Georgia to North Carolina.

2.6-2



DISTURBANCE: TROPICAL STORM DOTTIE
DATE: August 17-21, 1976

Position :
Pressure Wind
Date | Time [} ¢itude | Longitude (v8) (KTS) Stage
8/19 12302 25.0N 81.5W 25 Tropical Depression
26.5 80.0 25
30 Tropical Depression
45 Tropical Storm
45
45
45 Tropical Storm




TROPICAL STORM DOTTIE - 8/19/76 (1200Z - 2400Z)
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HURRICANE EMMY
August 20 - September 4, 1976

A tropical disturbance moved off the African coast on August 15. After
traveling westward at 15-20 kt for several days, a depression formed 1000 nm
east of the Lesser Antilles on August 20. This depression gradually streng-
thened as it slowed to 10 kt and became Tropical Storm Emmy on August 22 at
a position 300 nm east of the Leeward Islands.

Emmy was now moving northwest about 15 kt and by late on August 24,
recurvature began. Emmy had reached hurricane force on August 25 and was
heading eastward, an unprecedented course for the time of year at this low
latitude. The rapid development of an unseasonal low pressure system in
the mid-Atlantic northeast of Emmy was responsible for the early recurvature.

Emmy resumed a north to northwest course from August 26-28 encountering
strong upper level westerlies and again turning to the east on August 29.
The hurricane maintained an easterly direction for the next several days.
On September 2, Emmy turned northward, crossing the central Azores. Weakening
commenced as Hurricane Frances approached and Emmy was finally absorbed by
the large circulation of Frances on September 4.

The storm's highest intensity was reached on August 29 when a reconnais-
sance aircraft reported a wind of 90 kt and a central pressure of 974 mb.

Several ships were buffeted by the high seas and winds of Emmy, but
there were no reports of significant damage. A Venezuelan Air Force plane
carrying a school choir to Europe crashed while attempting to land at Lajes
Air Force Base in the Azores while the storm was in progress and 68 people
were killed.



DISTURBANCE:  HURRICANE EMMY
DATE: August 20 - September 4, 1976
Position .
. Pressure Wind
Date Time Latitude | Longitude (MB) (KTS) Stage
8/22 12312 15.8N 55.6W 33 Tropical Depression
18302 16.9 57.4 1003 50 Tropical Storm
8/23 00302 17.7N 58.6W 50 Tropical Storm
06302 18.6 59.7 55
12302 19.7 61.0 60
18302 { 20.3 62.0 60
8/24 00302 21.3N 62.9W 60 Tropical Storm
06302 22.3 63.2 60
11072 23.5 64.9 999 70 Hurricane
18302 24.6 64.7 55 Tropical Storm
8/25 00302 25.4N 64.5W 45 Tropical Storm
06302 26.3 63.4 45
12302 26.7 62.0 60 Hurricane
18302 26.7 60.0 65
23142 26.8 59.2 89 65
8/26 00302 26.8N 58.8W 65 Hurricane
06302 26.8 57.4 65
12302 27.2 55.7 65
18012 27.7 54.9 975 75
8/27 00302 28.9N 53.6W 65 Hurricane
06307 29.9 53.6 77
12302 30.6 53.5 77
18302 31.9 54,1 77
8/28 00302 32.5N 55.2W 90 Hurricane
06302 33.3 56.0 90
12302 33.6 57.0 978 70
8/29 00302 347N 57.44W 102 Hurricane
06307 34.7 57.3 102
12302 34.9 56.6 102
18302 35.1 85.7 102

2.7-2




DISTURBANCE: HURRICANE EMMY (Continued) o
y
Position . :
Pressure Wind
Time Latitude | Longitude (MB) (KTS) Stage
00302 35.0N 53.44 102 Hurricane
0630Z 35.0 52.7 77
12302 34.9 51.9 70
18302 34.5 50.6 65
0030z 34.9N 48. 20 65 Hurricane
06302 34.7 46.4 55 Tropical Storm
12302 35.2 44.7 45
18302 35.4 42.5 50
00302 35.8N 39.9W 50 Tropical Storm
0630Z 35.5 37.3 50
12302 35.0 36.5 45
18302 34.8 34.9 45
00302 33.8N 33.0W 45 Tropical Storm
06302 33.2 31.6 50
12302 33.6 30.6 50
1800Z 34.4 29.2 50
3

9/3 0030z 35.8N 28.3W 50 Tropical Storm
06302 36.8 28.4 50
12312 37.2 28.3 50
1800Z 38.0 28.1 40

9/4 00302 38.8N 26.8W 40 Tropical Storm

2.7-3
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SUBTROPICAL STORM #3
September 13-17, 1976

On September 12, the interaction between a midtropospheric low and a
diffuse stationary front caused the formation of a surface low pressure
system over central Florida. This low moved northward and developed into a
subtropical storm late on September 13 as the center moved offshore just
north of Jacksonville, FL, After only a short overwater trajectory the storm
crossed the coast just below Charleston, SC on September 14. The system, now
weakening overland, moved north-northeast through the mid-Atlantic states,
finally dissipating over Virginia on September 17.

A large high pressure system located over the mid-Atlantic states,
north of the low, produced a strong pressure gradient which caused gale
force winds off the Georgia and Carolina coasts during the passage of the
storm. Charleston reported gusts to near 50 kt in the downtown area shortly
before the storm center reached the coast. Heavy rains accompanied the storm
over eastern Georgia, South Carolina and southeastern North Carolina. Most
reporting stations in those areas reported between 3 and 6 inches. Tides
were 2-3 ft above normal along the Carolina coasts. Damage was mainly confined
to minor beach erosion and local stream flooding.

2.8-1
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DISTURBANCE : SUBTROPICAL STORM #3
DATE:  September 13-17, 1976
) Position Pressure | Wind
Date Time I"Tatitude Longi tude (MBS) (KTS) Stage
9/13 | 12002 28.0N 81.5H
9/14 0000z 29.5N 81.5KW 1015
12002 31.0 81.0
9/15 | 0000z 32.3N 80.7W
12002 33.9 80.0 101 40
9/16 0000z 35.0N 79.0W
12002 36.0 78.8
9/17 0000z 37.0N 78.0W 1014

2.8-2



SUBTROPICAL STORM #3 - 9/13/76 (1200Z - 2400Z)
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SUBTROPICAL STORM #3 - 9/14/76 (0000Z - 2400Z)
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HURRICANE FRANCES
August 27 - September 7, 1976

Frances followed an unusual track through the central Atlantic, similar
to the path of Emmy, with which it coexisted for 6 days.

A tropical wave crossed the African coast on August 24 and became a
depression 3 days later as it moved westward in the trade wind belt. The
first reconnaissance flight into the system found winds of 50 kt and a
minimum pressure of 1002 mb on August 28, at which time the new storm was
designated Frances.

Early on August 28 Frances crossed about 1000 nm to the south of Hurricane
Emmy, near longitude 53°W. Shortly thereafter the storm took a northwestward
turn into the weakness in the Bermuda-Azores high left by Emmy.

The storm became a hurricane on August 30 and reached its maximum
intensity on September 1, when winds of 100 kt were measured by reconnais-
sance aircraft along with a minimum pressure of 963 mb.

Frances continued to follow in the trough left by Emmy, and turned
toward the east during September 1. This hurricane recurved south of lati-
tude 30°N which, except for Emmy's first eastward turn,was unprecedented for
that time of year. At that time, the two hurricanes, together with a low
near the Azores and a frontal trough to the northwest, produced an enormous
area of negative surface pressure anomalies stretching from Europe westward
through the Azores to Bermuda, and from the Virgin Islands to Newfoundland.

As Frances turned toward the east and then northeast toward the Azores,
it gradually weakened. Satellite pictures suggest that it had lost tropical
characteristics by the morning of September 4. The extratropical stage of
the storm passed through the eastern Azores on the next day. Then the
remaining low pressure center made a counterclockwise loop to the north of
the Azores. For several days after that, the residual weak circulation i«
the cloud pattern could be tracked as it moved southwestward, parallel to,
and a short distance south of the earlier track of Frances.

No reports of damage or casualties caused by Frances were received.

2.9-1



DISTURBANCE: HURRICANE FRANCES
DATE: _August 27 - September 7, 1976
Position .
. Pressure Wind
Time ™| otitude | Longitude (MB) (KTS) Stage
18302 14.5N 45, 3W 30 Tropical Depression
0030z 15.0N 46.4W 35 Tropical Storm
06302 16.1 47.8 45
12302 16.5 49.6 998 50
18152 17.8 50.6 994 60
0030z 18.7N 51.6W 65 Hurricane
06302 18.8 52.7 65
12302 19.7 53.9 65
17502 20.4 54.3 988 60
8/31 00302 21.1N 54.3W 65 Hurricane
05302 22.0 54.9 980 60
11002 23.0 54.8 975 65
17582 24.1 55.2 978 85
9/1 00302 25.1N 54,80 90 Hurricane
06302 26.3 54.2 90
12302 26.9 53.6 90
18302 28.0 52.5 95
9/2 0030z 28.2N 51.2W 95 Hurricane
06302 28.2 49.7 95
12302 28.3 48.6 95
18002 28.7 47.3 85
8/3 00302 28.9N 44.6W Al Hurricane
06302 28.8 42.6 65
12312 29.7 40.8 65
18307 30.4 39.1 60 Tropical Storm
9/4 0030z 32.2N 36.6W 55 Tropical Storm

2.9-2
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HURRTCANE FRANCES - 8/30/76 (0000Z - 2400Z)
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HURRICANE FRANCES - 8/31/76 (0000Z - 2400Z)
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HURRICANE GLORIA
September 26 - October 4, 1976

Gloria originated as a tropical wave which moved westward off of the
African coast on September 18. This wave traveled toward the west-northwest
at 10 kt, reaching a location approximately 400 nm northeast of the Leeward
Islands of the Caribbean on September 26. While this was occurring, an
upper-tropospheric cold low moved toward the southwest from a position in
the central Atlantic midway between the Leeward Islands and the Azores.

On September 23, the upper low came close enough tc the wave so that
the cloud features, which were not enhanced by the combining synoptic systems,
started to show signs of becoming better organized. On September 26, the
low-level circulation became sufficiently well defined to locate a tropical
depression 400 nm northeast of the Leeward Islands.

The depression moved northward to northwestward at less than 10 kt for
a few days while gradually intensifying. It became Tropical Storm Gloria
at 1200 GMT on September 27 and a hurricane at 0600 GMT two days later.

At the time Gloria reached hurricane intensity, the storm was located
about 390 nm southeast of Bermuda and heading in a northwesterly direction.
This was the only time that there was a threat to any land area and this
was not considered to be a serious problem as the storm was forecast to
turn back to the north and then northeast before coming very close to Bermuda.

During this time a series of short-wave troughs in the westerlies were
moving across the Canadian Maritime Provinces and out over the North Atlantic.
So as Gloria moved farther north, it became increasingly more likely that it
would recurve toward the northeast. This finally occurred early on September 30
and the hurricane moved eastward to northeastward for the next several days
while gradually weakening.

Maximum winds decreased to tropical storm strength on October 2 while
Gloria was centered about 600 nm south of Cape Race, Newfoundland. Two days
later, Gloria weakened to a depression and became extratropical on October 5
just north of the Azores.

No damage or deaths are known to have been caused by Gloria. Maximum
sustained surface winds are estimated to have been 90 kt and the minimum sea
level pressure was 970 mb. These figures are based on aircraft reconnaissance
and satellite imagery.
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DISTURBANCE: HURRICANE GLORIA
DATE: _September 26 - October 4, 1976
Position :
. Pressure Wind
Date | Time | ¢itude | Longitude (MB) {KTS) Stage
9/27 13012 25.9N 58.0W 35 Tropical Storm
18302 26.2 58.1 35
9/28 00302 27.1N 57.9W 45 Tropical Storm
06302 27.6 58.0 45
12302 27.8 58.5 45
18407 1 28.3 59.0 45
9/29 0030z 28.8N 59.2W 45 Tropical Storm
06302 29.2 59.7 45
13302 29.6 60.1 980 65 Hurricane
18302 30.3 60.2 77
9/30 00302 31.1N 59.9W 77 Hurricane
06317 32.2 59.7 84
12002 33.0 58.8 980 90
18302 34.1 57.2 90
10/1 00302 34.7N 56.0W 90 Hurricane
06302 35.1 54.7 83
12302 35.7 53.6 77
18302 35.6 52.5 60 Tropical Storm
10/2 00302 36.2N 51.5W 60 Tropical Storm
06302 36.4 50.5 60
12302 37.1 49.8 60
18302 37.0 49.0 55
10/3 00302 36.7N 47.7W 55 Tropical Storm
06302 35.8 46.7 55
12302 35.9 46.9 55
18302 36.1 46.6 45
2.10-2



HURRICANE GLORIA - 9/27/76 (1200Z - 2400Z)
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HURRICANE HOLLY
October 22-28, 1976

A relatively weak wave moved off the coast of Africa into the Atlantic
on October 14. Six days later, satellite pictures revealed that the cloudi-
ness associated with this wave had become rather concentrated at a location
700 nm east of the Leeward Islands. Organization continued and late on
October 22 the system reached depression stage. MNow moving northwestward,
the depression intensified to storm strength on October 23 and to a minimal
hurricane on the followiny day near latitude 25°N, longitude 58°W. This
intensity was maintained for only 24 hours, after which it dropped back to
tropical storm status. This status continued until the storm lost its
identity as it merged with a strong cold front over the North Atlantic on
October 28.

Upper air conditions were not considered particularly favorable for
tropical development when the system first reached the depression stage on
October 22. At 200 mb the flow was generally cyclonic over the developing
storm as an upper low was located just to the north of the depression. By
the time Holly became a hurricane, however, the upper low had opened into a
trough lying from 5° to the west of the hurricane's position. This configura-
tion resulted in anticyclonic flow over the storm at 200 mb.

As the hurricane moved northeastward, the higher latitude portion of
the upper trough moved eastward rapidly enough to overtake the storm. This
interaction resulted in weakening of the storm and some loss of tropical
structure even before it merged with the cold front.

Holly's lowest pressure was 990 mb on October 24, and the highest wind
reported by reconnaissance aircraft was 65 kt on the same day.
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DISTURBANCE: HURRICANE HOLLY
DATE: October 22-28, 1976

Position Pressure | Wind Stage *1 3

Latitude | Longitude (MB) (KTS) 9

22.7N 58. 20" 32 Tropical Depression

23.3N 58.4W 32 Tropical Depression )

24.1 58.1 32

25.2 57.7 35 Tropical Storm

25.9 57 7 990 65 Hurricane

26.1 57.7 45 Tropical Storm

27.2N 57.1W 50 Tropical Storm

28.9 56.8 50

31.0 55.3 1000 50

31.5 53.7 50

31.8N 50.4W 50 Tropical Storm

33.5 48.8 50

32.5 51.3 40

32.7 50.4 40

AN 50.2W 40 Tropical Storm

3.0 50.0 40

34.5 49.5 40

35.8 47.8 40

37.2N 45,30 40 Tropical Storm

39.5 42.8 35

42.5 39.0 35

45.0 34.5 30 Tropical Depression

2.11-2
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LONGITUDE
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3.0
3.1

EASTERN PACIFIC/U. S. WEST COAST AREAS

GENERAL [\

A11 of the data presented in this section on the tropical
cyclones occurring in the eastern Pacific were extracted from
the Monthly Weather Review article by E. B. Gunther. During the
1976 season, there were 18 tropical cyclones that occurred in
this area as listed below:

*Tropical Cyclone One (06/02/76 - 06/03/76)
*Hurricane Annette (06/03/76 - 06/14/76)
*Hurricane Bonnie (06/25/76 - 06/29/76)
*Tropical Cyclone Four 06/28/76 - 06/30/76)
Tropical Storm Celeste 06/14/76 - 07/19/76)
Hurricane Diana (07/15/76 - 07/22/76)
Tropical Storm Estelle ? (07/26/76 - 07/29/76)
Tropical Storm Fernanda (07/27/76 - 07/30/76)
Tropical Storm Gwen (08/05/76 - 08/14/76)
*Hurricane Hyacinth (08/06/76 - 08/14/76)
Tropical Cyclone Eleven (08/07/76 - 08/08/76)
Tropical Cyclone Twelve (08/16/76 - 08/19/76)
*Hurricane Iva (08/24/76 - 09/02/76)
*Tropical Storm Joanne (08/29/76 - 09/08/76)
*Hurricane Kathleen (09/07/76 - 09/10/76)
*Hurricane Liza (09/25/76 - 10/01/76)
*Hurricane Madeline (09/29/76 - 10/08/76)
Tropical Storm Naomi (10/25/76 - 10/29/76)

Results of the comparison of the cyclone information and the
GEOS-3 schedule information indicates that 10 cyclones may have
associated GEOS altimeter data. These cyclones are marked by an *
in the above tabulation. Information as available for these tropical
cyclones along with any promising GEOS ground track maps are presented
in the following sections.
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3.2 TROPICAL CYCLONE ONE
June 2-3, 1976

The first cyclone of the 1976 season began 1200 GMT June 1 as a disturbed
area near 11°N, 112°W. Moving slowly northwest, the disturbance was upgraded
to a tropical depression at 1800 GMT June 2 near 12°N, 113°W. Sustained winds
near the center were estimated at 30 kt with gusts to 40 kt. By 0000 GMT
June 3 the depression had moved to near 13°N, 113°W and winds near the center
had decreased to 25 kt with gusts to 35 kt. Turning west, the depression
weakened rapidly. The last advisory issued on the cyclone was at 0600 GMT
June 3 with the center near 13°N, 116°W.

3.2-1




DISTURBANCE:
DATE:

TROPICAL CYCLONE ONE

June 2-3, 1976

Pos

ition

Latitude

Longitude

Pressure
(MB)

Stage

12. 5N

112. 50

Tropical Depression

Tropical Depression
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LOCATION
Tropical Depression
TIME LATITUDE LONGITUDE ORBIT EQUATOR CROSSING TIME OF EQUATOR CROSSING APPROXIMATE PCA ON OFF MODE _JUNIQ.#
18002 12.5N 12.5W 5934 -96.04 094827 09577 095723 100158 | 808 127




3.3 HURRICANE ANNETTE
June 3-14, 1976 ’\I'

The second tropical cyclone of the season began as a tropical disturbance
at 1800 GMT June . near 11°N,95°W. Six hours later the disturbance was upgraded
to a tropical depression near 11°N,95°W with 25 kt winds. Satellite imagery
indicated little change over the next 72 hours with a loosely defined cyclonic
circulation at night becoming better organized during the daylight hours. By
0600 GMT June 6 the winds increased to 40 kt near the center and the depression
was upgraded to Tropical Storm Annette near 12°N, 96°W. Moving west at 5 kt,
Annette was upgraded to hurricane status at 0600 GMT June 7 about 350 n mi
south of Acapulco, Mexico. Winds had increased to 65 kt near the center with
gusts to 85 kt. Satellite imagery indicated an eye beginning to form near the
center by 1200 GMT June 7. Moving west-northwest at 8 kt over 88°F water,
Annette continued to intensify. On June 9 U. S. Air Force reconnaissance
aircraft flew into Annette locating the center at 14.6°N, 105.0°W at 1707.
Surface winds were estimated at 90 kt and minimum surface pressure computed
at 925 mb. The aircraft also reported a well-defined eye with a closed wall.
Hurricane Annette reached its maximum intensity with 120 kt winds and gusts to
140 kt at 1200 GMT June 10 near 16°N, 108°W, about 300 n mi southwest of
Manzanillo, Mexico. Annette continued to move westward for another 12 hours
then turned northwest toward colder (78°F) water. Annette's eye was no longer
visible on satellite pictures after 0600 GMT June 11 as the hurricane, under
the influence of an upper level trough, moved northward over colder water.
Annette was downgraded to a tropical storm with 60 kt winds at 1200 GMT on
June 12 near 18°N, 113°W. Weakening rapidly, the storm was downgraded to a
tropical depression with 25 kt winds at 1800 GMT June 13 near 19°N, 113°W.

Two more advisories were issued on the depression before convective activity
near the center dissipated by 0600 GMT June 14 near 21°N, 115°W.
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DISTURBANCE: HURRICANE ANNETTE
June 3-14, 1976

DATE:

Position :
: Pressure Wind
Gate | Time |7l otituda | Longitute (MB) (KTS) Stage
6/3 0000z 11.0N 95.0W 25 Tropical Depression
12002 13.0 97.0
6/4 0000z 13.0N 97.0MW Tropical Depression
12002 14.0 97.0
6/5 0000z 13.5N 95.0W Tropical Depression
12007 12.0 95.5
5/6 0000z 12.0N 96.0W
06002 12.0 9.0 40 Tropical Storm
12002 11.0 97.0
6/7 0000z 11.2N 98. 5W
06002 10.8 98.8 65 Hurricane
12002 11.8 98.2
6/8 0000z 13.0N 100.0W Hurricane
12002 13.5 101.5
Hurricane
Hurricane

¥




DISTURBANCE :

HURRICANE ANNETTE (Continued)

Positi

on

l

Pressure

Wind

Date | Time =) titude | Longitude (vi8) (KTS) Stage
6/11 00002 16.0N 110.5W Hurricane
12002 17.0 111.5
60 Tropical Storm
25 Tropical Depression
Tropical Depression
3.3-3
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3.4 HURRICANE BONNY
June 25-29, 1976

Bonny began as a tropical disturbance over 86°F water near 12°N, 100°W
at 0600 GMT June 22. Moving northwest,the disturbance was upgraded to a
tropical depression with 30 kt winds near 16°N, 103°W, about 200 n mi west of
Acapulco, Mexico, at 1800 GMT June 25. Turning west and moving at 7 kt, the
depression was upgraded to tropical storm status at 1200 GMT June 26 near 16°N,
105°W. Winds near the center were estimated at 45 kt with gale winds extending
out 75 n mi from the center. By 0000 GMT June 27 winds had increased to 55 kt
and gale winds extended to 90 n mi from the center which was then near 16°N,
106°W. Moving west at 10 to 12 kt, Bonny was upgraded to hurricane status at
1200 GMT June 27 near 17°N, 109°W or 135 n mi southeast of Socorro Island.
Winds had increased to 65 kt with gusts to 75 kt near the center and gale
winds extended out 100 n mi from the center. At 1939 GMT June 27 a NOAA
reconnaissance aircraft flew through Bonny locating the center at 17.2°N,
110.7°W or 90 n mi south of Socorro Island. The surface wind was estimated
at 63 kt and pressure computed at 987.4 mb. Continuing west at 10-12 kt,
Bonny began to move over colder (76°F) water and weaken. At 0000 GMT June 28
Bonny was downgraded to a tropical storm near 17°N, 112°W. Moving a little
faster to the west, the storm was downgraded to a tropical depression with
30 kt winds near 18°N, 115°W at 1200 GMT June 29. The final advisory on the
depression was issued at 1800 GMT June 29 with the center near 16°N, 117°W.
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DISTURBANCE: HURRICANE_BONNY
DATE: June 25-29, 1976
Position ;
. Pressure Wind -
Date | Time [ oiitude | Longitude (11B) (KTS) =Cdpg
6/25 18002 16.0N 103.0W 30 Tropical Depression
6/26 0000z 16.0N 103.0W
12002 15.8 105.1 45 Tropical Storm
6/27 0000z 16.5N 106.5W 55
1200Z 17.0 109.4 65 Hurricane
19392 17.2 110.7 987.4 63
5/28 00002 17.3N 111.6W Tropical Storm
1200Z 17.7 114.8 30 Tropical Depression
6/29 00002 16.2N 115.5W Tropical Depression
12002 15.8 117.0
18002 16.2 117.2
3.4-2



HURRICANE BONNY - 6/28/76 (0000Z - 1200Z)

-l.nnunnnnunlnnulllsiuun.

2
8 8
) . —
e : y Qm A
e {2 = =
3 — q2 =
3 —qd wl oo
3 3 m 8
2 2
Fl 12 . <
: .
3 . {2 -
g ‘,a ~ - g o
2! - .. iz - b
[ . 2
o) e
s N 1
.‘v- A 18 S
B Sy b 4z 0.
3 ._Il/. ‘42 A
e =
Bp—— 98 M n
gf———ts —48 > -
I ! L ide 2
e % &
T ' 1
3 _.a. 1 -3
3 ...,MW.J G} 1 x_w
ab—— A KK.\} a
PP <o
b g ﬂ =
T o i 2
g A o b =
B .vl\tc\ .9 ﬂl ._.u_ (=}
gL L = e \ (g Py | o
ﬁuﬁ\ i i =4 =3
IIIII Ay e 4% ™
”l!hzmx«/. r,/....o/ vm\-iﬁ “R M. ™
TNy W A | ol -
unl.lﬁ\l N P e ,J_n
(A AN e 5
il y 1 L 1 ™
. 1E =
i —
1

L]
1% =
4% h
42 a| &
| &
4z ol o
o
o
1® S|+
ki <
= =1
la L
Rt
g
le |
] | =
e ol 3
Y S
is
48
<%
ie
-3 w
=}
i =
18 2| 5| e
€ 4 3l =<
2 - 48 m - -
gl i breepee et ”__m
\
f O 2 AN o~ -7 M 2
o v WM m
[| S ——— h /v e oB =8
. ,ar Q- Sa
s -— oyt gt e . v SN . ] — w
g i 6 * - O =
| S | I S e 4§ w 5 2| &~
1 =1 . .
‘T.ﬂ!}.tﬂ &..! o g —— b 2 .I_D.-I””
a———- vﬂ'l‘!.,v ) i - 1 B B B R o
B ———im '»% IS ¥ i EESUEDE e e . s =
Tl‘-.i;v\»rf\* L 00 T N, A S T S ) (N Sl A SO |
-—— e et g b W
Bl R ——- - A - .m_.m
41 etk B SS (N T ES oltxﬁ i S e £8ls
A d L ] 4 ! “ (- Ow
uunuuuunnu-nnunnos-nunu.’ =




3.5 TROPICAL CYCLONE FOUR
June 28-30, 1976 A

|
The fourth tropical cyclone of the season began as a large area of f
thunderstorm activity 300 n mi in diameter in the Gulf of Tehuantepec at ‘
1200 GMT June 28. By 1800 the area began to show definite cyclonic circu- |
lation and was classified as a tropical depression nea» 13°N, 96°W. By ‘
0000 GMT June 29 the center, with 30 kt winds, had noved o near 14°N, 95°W. |
Moving north at 6 kt, the depression moved onshore near Sclina Cruz, Mexico,
at 0000 GMT June 30.

o POOR QA

3.5-1



DISTURBANCE : __TROPICAL CYCLONE 4
DATE: June 28-30, 1976
Position .
. Pressure Wind
Date | Time [\o¢itude | Longitude (M8) (KTS) Stage
6/28 12002 13.0N 96.0W
18002 13.0 96.0 Tropical Depression
6/29 00002 14.5N 95.3W 30 Tropical Depression
12002 14.8 95.6
6/30 00002 16.0N 95.5W Tropical Depression
3.5-2
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3.6 HURRICANE HYACINTH
August 6-14, 1976

Hyacinth began as a disturbed area near 9°N, 97°W at 1800 GMT August 5.
Moving west-northwest at 11 kt over 85°F water, the disturbance began to show
signs of cyclonic circulation and was upgraded to a tropical depression at
1800 GMT August 6 near 12°N, 102°W. Later satellite information indicated that
the center was slightly southwest of that position. Winds increased to 35 kt
by 0600 GMT August 7 and the depression was upgraded and named Tropical Storm
Hyacinth with the center near 12°N, 102°W. By 0000 GMT August 8 winds near
the center had increased to 55 kt. Winds near the center of Hyacinth increased
to 70 kt by 1200 GMT on August 9 and the storm was upgraded to hurricane intensity
near 15°N, 110°W. By 1800 GMT August 9 Hyacinth, with 85 kt winds near the
center, had developed a small, well-defined eye about 10 n mi in diameter near
15°N, 111°W. The Maritime Justice, 140 n mi south of Hyacinth at 1800 GMT
August 9, reported 35 kt winds from the west and continuous heavy rain. Moving
west-northwest at 6 kt, Hyacinth continued to intensify over 84°F water. Winds
increased to 95 kt by 0000 GMT August 10 with the center near 15°N, 111°W.

The Maritime Justice, 160 n mi to the southwest, reported violent rain showers
with 30 kt westerly winds. The hurricane moved to near 15°N, 112°W by 0600 GMT
August 10 with winds near the center increasing to 100 kt. The eye, which had
developed only 12 hours earlier, was no longer visible on satellite imagery by
0600 GMT August 10. By 1800 GMT August 10 Hyacinth had moved to near 16°N,
114°W.  Winds began to decrease near the center of Hyacinth after 0600 GMT
August 11 as the hurricane accelerated west-northwest at 15-20 kt 500 n mi
northeast of nearly stationary Tropica<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>