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Abstract

For the fourteenth year, interpretations of patterns in sea surface
temperatures from satellite infrared data are used to determine the formation,
movements and life !\istory of warm core rings in the slope water off the
northeastern United States. In 1987, 14 rings were present in the slope
.wa.tar. of which 10 were new rings forming in 1987 and the remaining 4 had
formed in 1986 and survived into the current year. Life spans _of individual
rings ranhged from 10 to 247 days. Based on records for 1974-1986, the number
of rings and longevity in 1987 were about typical. At least 2 rings were
present in the stope watar for each month of the year and 3 were present
during 7 months. Al of the 10 rings which developed in 1987 formed in the
waters east of 68°W longitude. With generally westward and southwestward
movement of the rings, numerous instances of dynamic interactions with shélf

water were noted. Three of the rings which formed in 1987 survived into 1988.

Introduction

This report summarizas_‘ for the fourteenth year, 1987, the movements of
-anticyclonic warm core Gulf Stream rings in the slope water region off the
coast of the northeastern United States, primarily from Cape Hatteras, North
C_arolina, to Georges Bank and south of Nova Scotia Similar yearly analyses
have been prepared for each of the preceding thirteen years, béginning with

and generally following the methods described by Bisagni {1976} for rings in
1874-75. .




formati ur nd_Analysis Method
'This analysis is based primarily on data. collected by the Advanced Very

High Resolution Radicmeter (AVHRR), a sensor onboard NOAA-9, one of the
National Oceanic and Atmospheric Administration (NOAA) polar-orbiting
satellites. Two satellite passe.'s‘ covering the study area are potentially
available each déy, depending on the extent of cloud cover present Using the
processing facilities of the Océélnographic Remote Sensing Laboratory,
University of Rhode Island, the high resolution (1km} digitai. data are |
atm_os'pheri'cally and geometricélly corrected and enhanced to clearly identify
thermal features. Data from the geostationary. satellites (GOES) are used in
" conjunction with the AVHRR data to help differentiate between clouds, fog and
sea surface thermal features. Oceanographic Analysis Charts prepared jointty
by the NOAA National Weather Service and Nationai Environmental Satellite,
Data and Information Service _(NESDiS), issued three times a week, are utilized
to help interpret the relative positiohs-of thermal features. Opportl;mistic
shipboard data received from scientists and fishermen are also integrated when
available.

A base map showing submarine canyon locations aﬁd zones used in the zonal
analysis is pfovided in Figure 1. Ring center positions are plotted on the
respective tracklines (Figs. 2-5, 7-11 and 14~18). Formation and destruction
locations plus periodic positions are dated, At any time of the year, but
especially in summer, rings may not be visible in satellite imagery because of
lack of thermal contrast at the surface. When rings in close proximity to one
anott;er are not v|§ible . OF are hidden by clouds for a number of weeks there

~ may be uncertainty in distinguishing between thé rings when they reappear. In
such cases, the simplest interpretation of movements have been accepted.

Surface boundaries of rings are shown for the estimated date éf formation
and at representative stages in the life of the ring. The location of these
bo;.lndaries involves errors of unknown magnitude, though every effort has been

" made to use various enhanceméht techniques to reduce these errors.
. Only rings which occurred west -of 60°w longitude during some portion of
their lifetime are considered in this analysis. Rings are labelied with the

year in which they formed or crossed 60°W, and alphabetically in the order of
formation. This report includes only warm core rings formed when the Gu!f

Stream m'éa_nders to the north, then closes back on itself, trapping warm

"




Sargasso Sea water in its core, and then breaks away from the Stream.
Additional ;'varm patches of water with appérent circulation appear periodically
in the slope water region, however since their formation is not in the above
described manner, these are not labelled as warm core rings. These warm
eddies are therefore, not included in this report.

A total of fourteen warm core Gulf Stream rings occurred in the slope
wgter region between Cape Hatteras, North Carolina and SOOW longitude during
1987. Four of these ring§ were formed in 1986 and the rest were formed in
1987. Three of the rings formed in 1987 persisted into 1988, Estimated
formation and destruction dates as well as lifespans for each ring are listed
in Table 1. ‘

Ring 86-E (FiQ. 2) formed from a large Gulf Stream meander on 7 August
1986 and was centered at 39.2°N, 67.5°W. After interacting with the Gulf
Stream’ in September and early October, the ring moved westward until early
December when it again came in contact with the Gulf Stream. On 30 December
1986, the ring was centered at 376°N, 736°w. During January, 1987 ring 86-E
rerﬁ&inad relatively stationary and continued interacting with the Gulf Stream,
which diminished the ring's size and ultimately led to the ring's destruction
on 2 February near 37.2°N, 74.0°W, .

Ring 86-F (Fig. 3) formed from a Gulf Stream meander on 12 August,
centered at 396°N, 64.1°W. During much of August and September this ring
interacted with Gulf Stream meanders. Ring 86-F separated from the Gulf
Stream in mid-September and continued moving westward and southwestward
throughout the reméinder of the year. The last center position recorded for
ring 86-F was 38.4°N, 726°W on 30 December 1986, This ring was absorbed by
the Guif Stream on about 5 January 1987. ‘

Ring 86-H {Fig. 4} formed on about 20 October 1986 from a Gulf Stream
meander. The center location of 41.1°N, 625°W and the formation date have

been estimated due to persistent cloud cover throughout this period. In
November and December this ring interé.cted with ring BS-G‘ and rinQ 86-1. The
latter ring formed south of ring 86-H and forced it to the east Ring 86-H

was centered at 41.4°N, 62.2°W on 30 December 1986.



Ring 86-H moved southwestward, diminishing in surface diameter throughout
January and February. By mid-February this ring showed a significantly
weakened surface expression, By mid-March, ring 86-H had weakened further and.
began interacting with a westward extending meander of the Gulf Stream. Ring
86-H was resorbed by that meander oh about 31 March near 400°N 88.4°W. The
same meander later formed ring 87-B.

Ring 86-1 (Fig. 5} formed on 4 December 1986 from a Gulf Stream meander
and was centered near 40.0°N, 638°W. The ring briefly interacted with ring
Bé—H as it began moving westward. Throughout January ring 86-1 moved
southwestward, maintaining fairly constant size. In mid-February this ring
began interacting with the Guif Stream meander. In late February the ring
started entraining shelf water around its eastern and Southern boundaries. In
early March the ring broke away from the Guif Stream and continued moving
southwestward. During the next several weak.s ring 86-1 occasionally
interacted with Gulf Stream meanders which strengthened its surface
expression.

The movement of ring 86-! slowed considerably from mid-April throuéh
June. During this time, entrainment of shelf water was visible along the
riné’s eastern and southern bouﬁdaries. On 8 May, the M/V Oleandgf crossed
the nc;rthaast corner of ring 86-L The imagery during this period was poor
due to scattered clouds, however the oceancgraphic conditions recorded in the
XBT survey (Fig. 6) correlate well with the chart for 5 May 1987. The
hydrographic vertical section showed the 12°C isotherm deepening to 300m
within the ring. The surface salinity increased from 34.5 ppt to 35.8 ppt as
the ship entered the ripg. In mid—June this ring was again interacting with
the éulf Stream. Throughout July clouds obscured the area, howevér the ring
apparently continued interacting with the Guif Stream while moving
southwestward and was finally resorbed on about 7 August near 38.4°N, 748w,

Ring 87-A (Fig. 7) was formed by a westward extension of a Gulf Stream
mear;dsr on about 19 January and was centered at 40.4°N, 62.1°W. The ring
Interdcted briefly with the Gulf Stream and was pushed slightly northward
before‘cbmpletely detaching from the S;ream in mid-February. As ring 87-A
moved wesiward, it began erntrai‘ning shelf water and by the end of March it had
entrained shelf water along three—quartars of its outer boundary.

In April, ring 87-A interacted with a GuIf Stream meander and later with’

ring 87-B. Ring 87-A apparently split in two, forming ring 87-C and
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diminishing ring 87-A's size significantly. On 10 May ring 87—A- was resorbed
by a large Gulf Stream Meander near 40.2°N, 66.7°W.

Ring 87-B (Fig. 8) was formed on or about 28 March by a very large Guif
Stream meander that brought warm Gulf Stream waters and stréng currents to
within 15 km of the continental shelf break near Georges Bank. The resuliant
large ring was centsred at 387°N, 67.7°W. By late April the ring was
entraining mixed shelf and sldpe water along its eastern and southern
boundaries. This short-lived ring was resorbed on 7 May near 39.2°N, 68.2°W

by a large Guif Stream meander which was also in the process of i-esorbing ring

87-A.

. Ring §7-C. centered near 40.6oN, 65.’1°W, was forme'd on or about 20 April

" when ring B7-A split in two during an interaction with a very large meander

that formed ring 87-B." The formation date and center location are estimated

" due to extensive cloud cover during formation. Ring 87-C progressed slowly

“southwestward ‘and actively entrained both shelf and GuIf Stream water, During

mid—-May another Gulf Stream meander, responsible for the ‘destruction of rings
87-A and 87-B, pushed the ring southeastward and diséonnected it from its

entrainment features. Following this interaction, the ring seemed to be

‘displaced to the north and west by the advancing meander and, in late May, the

now-strengthened ring 87-C could be seen clearly much further west. During

this period the ring moved rapidly west averaging 17 km per day. In early
June, ring 87-C was pushed due.east and its surface area was reduced by

interactions with another meander that formed Ping 87-E, although' there were

* still indications of substantial sheif water entrainment along its sastern

edge.

Throughout June, ring 87-C continued to weaken and was difficult to see
in the satellite imagery. Consequently, no positions are given from 10 June
to 29 June on Fig. 9. By late June, ring 87-C was more easily discernabla and
could be seen entraining both shelf and Gulf Stream/slope water. During ea;rly
July the ring was observed to be moving southwest until it began interacting
with the Guif Stream and, by late July, was strongly entraining Guif ‘Stream
water.

Lack of thermal contrast and persistént cloud cowver throughou{ Augusf and
into September made it nearly impossible to follow ring B7-C. The ring
remained as a small weak eddy throughou! August with very little southwestward
movement due ‘to the close proximity of ring 87-E to the west As noted in

Fig. 9, no center positions are shown throughout September although a
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trackline has been illustrated, A-t this point an error was discovered in the
{abelling of rings 87- and 87-C on the Modified Oceanographic. Analysis

Charts. A warm patch of slope water determined later to be a remnant of ring
86-1 was mistakenly labelled as 87-E, and what was actually 87-E was o
mislabelied as 87-C.

Ring 87-C was finally cbserved on 24 September aé a small eddy with a
surface diameter of approximately 88 km, centered at ‘38.4°N, 725 W. The ring
was. observed. to be entraining Gulf Stream water along its southern side and
shortly thereafter, on September 28, the ring‘wés resorbed by the Gulf Stream
at approximétely 38.3°N, 723°W. The Modified Oceanographic Analysis Charts
indicate the ring's presence until 20 October, however it was later determined
that ‘the feature was a combination of warm slope water and remnants. of ring
87-C that had been pushed north by the Guif Stream. _ .

Ring 87-D (Fig. 10} was a short-lived ring that was formed on- 30 May from
the same Gﬁlf Stream meander that resorbed rings 87—A.ahd. 87_—8. It was formed

near 39.9°N; 64.3°W and had a surface diameter of -approximately 208 km. The

ring. existed for 11 days. and was centered near 40.0°N, 64.0°W when it was .

fesorbed by another eastward propagating Gulf str_e_am meande'rr on 9 June. Due
to its shortr life the ring had no westward movement, instead, the ring moved
slightly nbrtheastward as it was being resorbed. 7

Ring 87-E was formed from a Gulf Stream meander on 9 June and was
ir_mitial!y centered near 39.3°N, 67.9°W. I late June, once the ring was fully
detached from the Gulf Stream, it merd rapidly westward (appréximately 125

km/day) probably due to the influence of the newiy-strengthened ring 87-C to

its east

On 15 July, the M/V OLEANDER crossed. the soﬁthwestern corner of ring 87-E - .

during an XBT survey. Poor satellite imé.gery during this time precl(xdes
ilhltsfrating the ship’s trackline on an image although the hydrographic
vertical section from the OLEANDER confirmed the presence of ring 87fE.
Within the ring, the 15°C isotherm .extends to a depth of over 200 m and fhé 11°
C isotherm to over 300 m {Fig. 12). A salinity maximum of 355 ppt,
indicative of some influence from Gulif évemn water. was observed in the
vicinity of the ring (Fig. 12). 7 ‘ |
There are no fpositions for ring 87-E between 17 July to 21 August because

of clouds and poor thermal contrast, howéver the ring seems td have moved very

little during this time. Another vertical section from the OLEANDER XBT
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cruise through the northeast corner of ring 87-E on 19 August showed sorre
indications of the rtng's presence below 100m by a deepening of the isotharms
{Fig: 13). The weak surface parameters also seem to coincide with the
isothermal sateltit_e imagery. conditions {Fig. 13} In late August an US.
Environmental Protection Agency (EPA) cruise in the vicinity of ring B7-E
_observed‘ ENE currents of approximately 1.6 knots at 39.1°N, 719°w. %
Unfortunately, clouds and lack of thermal contrast continued to make it
difficult to observe the ring.

The final position in Fig. 11 dated 10 September is the last available
clear position in which the rine was observed. On 24 September a developing

meander was observed to be in the area where ring 87-E had been and it is

therefore. assumed that the 'ring was resorbed sometime about 17 September near .

381 N, 729W

Ring 87-F-(Fig. 14) formed from a Guif Stream meander on about: 27 July ‘

and was centered at 414°N, 63.1°W. Clouds and fog obscured the-area during .

" this period so the formation. date is esttmated. The ring began moving .

southwestward and started entraining shelf water soon aftér its formation. By

-3 Augest. the ring was .entreihing ‘shelf ‘water 'along three-quarters of. 'its

outer boundary.

" n September ring 87-F moved westward and grew significantly in surface

diarheter from 79 km at the end of July to 120 km. There were severat periods

of c!oudmess durlng September, however tha rlng apparently contmued moving

- southwestward and entramlng shelf water throughout the month:

At the beginning of October, ring 87-F began |nteracting with the Gulf

i =Streé.m.':' In mid~October : this rlﬁg_wa_s 6h the eastern slope of a form‘mg
: meander.-  The meander extsnded to the‘northwest and pushed the.ring northward .

briefty’.‘ _“As‘the: rir\gloohtinued_ |ts southwestivard movement, it moved:?a'long the' N
.w‘estern‘ slope of the meander By ‘the beginning of November, the rlng was )

- Iocated between two mea.nder's and its surface ‘diameter had decreased

s‘gn‘f'ca"t'Y ng 37—F was fm&"v resorbed by the Guif Stream’ on’ TR
: Novernber near 38.9 N, 69.8° W '

- Ring 87—G (Flg 15) formed from a Guif, Strea.m meander on-or about 11’

August and was centered at 42.48°N, 61.2°W. Th|s rlng moved slowly westward

-and entramed shelf water along its: eastern and southern boundaries. The nng
_d;d not completely separate from the Guif. Stream until -mid- September Its

T 'wastwerd progressnon remalned slow throughout the month

L

Pers. Comrr_l. ' Seott McDowell, Battelle Ocean Sciences, Duxbury, MA
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In Cctober, ring 87-G.remained almﬁst stationary, During this-time-the-
ring's northern boundary was. within 40 km of the shelf break. The:ring's
pregence' influenced the position of the shelf/slope thermal front east of the
ring by drawing the front as much as 60km seaward of the shelf break. This-
seaward movement of the front was also influenced by ring. 87-H.

At the end of October, a Gulf Stream meander extended to the northwest
and Abegan intaracting with ring 87-G  The meander pushed further

northwestward which prevented ring 87-G from moving in the usual: southwest:

_direction. Again, cloud cover obscured the area-in November but it appears

that ring 87-G continued. interacting with the meander until ‘approximately 23
November when the ring detached from the Gulf Stream and moved northward. At
this point the ring was consi#erabiy weaker and had very little-surface

expression. On or about 30 November the ring, centered near 41.2°N, 62.9°W,
was. absorbed by a Gulf Stream meander which had also formed ring-87-.

. -Ring 87-H (Fig. 16} was gener:.ated from a Gulf Stream meander_‘ near 41‘.5°N,
592°W on about 4 October and bagan mO\ﬁ"ing northwestward. This ring was not~
named ur;til it crossed 60°W about 20 October and was centered.at 41.5°N, 616°%
W. ‘As it crossed 60° W ring 87-H apparently absorbed a warm patch-of water- to’
the west of it. which increased the ring's surface diameter. ‘

At the end of October ring 87-H began interacting with-the Guif Stream
and started diminishing in size. Cloud cover cbscured. the area during
November- put the ring apparently broke off from the Guif Stream early in the
month and moved northward. Then the ring began moving slowly southwestward:

Cloud cover persisted in the area making it difficuit to follow the’

. ring's movements. In mid-December a Gulf Stream meander located just south of

87-H extended to the northwest and halted the ring's southwestward movement.

The ring travelled northeastward and on 30 December was located at 41.3°N,

B05°W. This ring continued into 1988.

Ring 87| (Fig. 17} was-formed on about 24 November near 39.8°N, 64.3°W

from the same Gulf Stream meander that resorbed 87-G By mid-December, the

ring which had begun moving  westward, started iinteracting with a’ Guif Stream

meander. On 30 December. the: ring. was located at 39.7°N, 64.4° W and was still
interacting with a meander.
Ring 87-J (Fig. 18} was formed on 30 December, centered at 385°N, 67.5°

W.- However, it was not named until the first week in January, 1988 because

‘persis{ant‘clOud cover made it difficult to confirm its location until then.

A full history of this ring will be included in next year's report
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nal Anal
A generalized summary of the movements of rings during 1987 is presented
in Table 2. This summary shows the rings' mid-month positions with respect to
the zones diagrammed in Fig. . There were 31 total zone-month occurrences.
During the years 1975-1988, the total zone-month occurrences ranged from a low
of 24 in 1974 to a high of 51 in 1982 and 1983, with a mean of 38. Two rings

occupied the same zone at mid-month only once in 1887. This is the fourth

consecutive year that no rings have occupied Zone 8.

i i 'r Positions and Envel f
u undari ‘
A co'mpc;site of tracklines of all f-ing center positions, and an envelope
of ring stirfaca boundaries appear in Fig. 18. Tﬁe envelope was developed from
boundary positions digitized from satellite data and from weekly .analysis
charts.” Of the ten rings which formed in 1987, three formed east of 83°W
(87-A. 87-G, 87_H)three formed between 63°W and B5°W (87-D, 87-F, 87-I); and
the reméiﬁing four formed west of 66°W. Of the total fourteen rings which
occurred in 1987, four never moved west of 65°W (87-D, 87-G, 87-H, B7-I); five
others never moved west of 70°W (86-H, 87-A,87-B, 87-F, 87-Jk and the
remaining five t(avelled at least as far west as 71éW.
umber of Rings. Times 6f Formation, and Longevit
Ten warm coré Gulf Stream ri.ngs formed during 1987 off the northeast
coast of North America. During 1974-1986, ring formation averaged nine per
year, ranging from a minimum of five in 1974 to a maximum o;‘ eleven in 1979
and 1982. Four rings that formed in 1986 survived into 1987; one of which
{86-1) was long-lived (247 days). Of the ten rings- that formed in 1987, three
had formed by the end of April, one formed each month from May {hrough August
and the remaining three formed after late Sept-ember. Longevity of the rings

formed in 1887 ranged from 10 to 161 days.
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. .chl'e 1. Ring Formation and Destruction Dates, and Life Spans.

Ring ) Dates’ . Life Span- (days)
86-E 8/71/86 - 2/2/87 179
86—F 8/12/86 - (1/5/87) 146
86-H (18/20/86) - 3/31/87 161
86-1 ' 12/4/86 ~ 8/7/87 ' 247
87-A - 1/19/87 - 5/10/87 112
87-8B 3/28/87 -~ 5/7/87 33
87-C (4/20/87 - (9/28/87) 161
87-0 5/30/87 - 6/9/87 10
87~-t 6/9/87 - (8/17/87) 101
87-F © (7/27/87) - 11/16/87 113
87-G . 8/11/87) - (11/30/87) 112
87-H 10/4/87) - INTO 1988 2 >89
87-1 11/24/87 ~ INTO 1988 >36
— INTO 1988 >2

- 87-J 12/30/8

1 Dates not in parentheses are accurcte to within two doys.
Dates in parentheses could be off by greater than one week,
a3 clouds cbscured the seq surface.

2 this ring was not labelled until it completely crossed west
of 60 W on about 10/20/87.

Table 2. Ring positions at mid-month with respect to zone during 1987,

» Zome Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

! - ' o : : 87-H 87-H

2 86-H 87-A , 87F B7-G 87-G 87-G
"3 86-H B7-A 87-A B7C — " 8F 871
a2 86 86-H 878 87-C §F
- 87-E

5 861 B - 87C_87C

6 861 861 87-€ 87E 87-C

7 86 . : 861 » 87C
B

NOTE: RING 87—J FORMED ON 30 DECEMBER 1987 IN ZONE 4.




Vs

MEAN POSITION OF
GULF STREAM NORTH WALL

’ Z%%UEIUJDCIOI_O

CORSAIR
LYDOMIA
OCEANOGRAPHER
HYDROGRAPHER
VEATCH
ATLANTIS
BLOCK

HUDSON
WILMINGTON
BALTIMORE
WASHINGTOMN
NORFOLK

544 B2

I D

Latitude

FORMATION DATE: 07 AUG 1986 -

DESTRUCTICN DATE: Q2 FEB 1987

111

Figure 2. Trackline for ring 86-£

62°W 6O°W

Figure 1 Base map for ring trackiines, showing canyon names and zones used in Table 2.



" Latitude o

440N

42

- 38N

L daen

40°N

o2 -

'53/13/33 _—

ng 86 F

! .

FORMATION DATE 12 AUG 1988

DESTRUCTION DATE (05 JAN. 1987)

7O - TBBW . T 66°W
k Long1tude f-' '

Flgure a Tracklme for !‘lng BS—F

L SRR
64W | 62°W

.Sonw

w T
f‘/" 200 _
. /""“""’J 7
Cia2N .
‘-10°N 1/20/87 10/21,/88
g«.:
=, =\ -
. Ring 86—H .
36N % : FORMATION DATE: (20 OCT 1988) |
A :J/. DESTRUCTION DATE: 31 MAR 1987
- . B
gy Ll P Y URNOOE F FCS IY IY IR B L
CU7BW . TATW T2 T 70°W 0 6B°W . BEW  B4°W . B2°W  60°W

Longitude

 Figure 4. Trackline for ring 86-H




- 13 -

44°N I
T 17 1 T
[,.b W u“’zoom
R——
. i g T -
{5:& P |
.&- .

40°N

" 12/0/88

Latitude

38°N
Ring 86--| A7

FORMATION DATE: 04 DEC 1986

36°N
gy DESTRUCTION DATE: 07 AUG 1987 _
DRV S T Y S N N R Y U SO Sy
76°w 74w 72°W  70°W  BB"W  BG°W  B4TW  B2°W  60°W

Longitude

Figure 5. Trackiine for ring 86-I.

+ TEMPERATURE (DEG C)

DEPTH (METERS)

HYDROGRAPHIC VERTICAL SECTION ALONG TRACK L INE

37.
36.
35.
34.
33.
32.
31
30.
29
28.
27
26.

mSALINITY (0/00)

100

200

300

400

500

24
20 L
16 _| —
12 =
_— "
4. _ ' o B
! T | i i i ] ] [ I
5¢. 100. 150. 200, 250. 300, 350, 400. 450. 500. 550.
, SURFACE' PARAMETERS
NEW ‘ : : SARGASSO
. YORK Co ' ., SEA
0 ' "
100 _| —
200 _ L
300 4 TEMPERATURE {°C) —
400 _ | b
500 -
- | T T
0. 50.  100. 1500 200. 250. 300. 350. 400. 450. 500. 550.

DISTANCE (KM)
OLEANDER 8705 08 MAY 1987

Figure B. Hydrographic data from M/V Cleander XBT Survey 5/8/87.



44°N

_ 14 -

| AN L
Z& J e 200m
ho s et 7
N
420N [ . R Nl B
N a1 2/19 _
» 40°N .
‘g 5/5/8% 3/25 1728787
2 /8 _
5
380N % _
£ Ring 87—A _
35"“% ,  FORMATION DATE: 19 JAN 1387 |
:_J DESTRUCTION DATE: 10 MAY 1887 _|
4 . .
[SUYSON T Y NN N U NN NN N N N R B NN N B
T6°W 74w 72°W - J0°W  BBW  66°W  G4°W - 62°W  GO°W
' Longitude
Figure 7. Trackline for ring 87-A.
44°N :
l ST
L& T AN
N N
420N : . s .
o 40N -
ol
2 _
=] 8/5/87
- 38°N 3/31/8% —
g ' - Ring 87-B _
36N T FORMATION DATE: 28 MAR 1987 _
2o 'DESTRUCTION DATE: 07 MAY 1987 |
e _
SV TN WY P Y YN Y IO TN N N S NS
 B4TW  BZ°W

. TE6°W 74°W 72°W 70°W, 68°W 66°W
- ‘ Longitude

Figure B. Trackline for ring 87-8.

60°W




Latitude

Latitude

44°N
a2°N
40°N

J8°N

b
o\
SEN?_J
Vs

- 15 -

9/28/87.

Ring 87-C
FORMATION DATE: (20 APR 1987)

DESTRUCTION DATE: (28 SEP 1987)

n/ ]
FSPSS GS T YUN HOSYI NN RO N S S SO I N
76°W 74°W T2°W 70°W 68°W 66°W 54°W 62°W 50°W
Longitude
Figure 9. Trackline for ring. 87-C,
44°N
T T 1 T AN A S
i Z_b NV 200m
e ———r’ —
~ égiﬁg:“\\////,
42°N - "3 ,EF’:::::;:> -
3/30/87
40°N -"‘—"‘"\-—.A-/Mﬂb) —
.4
- 6/9/07 . -
38°N > _
o Ring B7-D -
16N & FORMATION DATE: 30 MAY 1987  _
;J/ DESTRUCTICN DATE: 9 JUNE 1987 |
a/'
seenb— Ll LUy
76°W 74°W 72°W 70°W 68w 66°W 64°w 62°W

tongitude
Figu_re 10. Trackline for ring 87-D.

.

60°w



=16 -

44°N
T 2] ST T
b e &"’ 200m
e
=3 -
42N - e _
o 40N .
o .
E i
E 8/11/87
38°N > R
Y Ring 87-E ' _
ww% FORMATION DATE: 09 JUNE 1987 _
'_J/ DESTRUCTION DATE: (17 SEP 1987) _|
340 A R N R N VU S T N N T R R S N
TEUW - 74OW  TZOW  CTOCW  68°W  BE°W  B4SW  62°W  BO°W
Longitude
Figure 11, Trackline for ring B7-E
HYDROGRAPHIC VERTICAL SECTION ALONG TRACK LINE
27 6.
o o268 _| | 35,
L% ]
o5 L L 34'3
E 24 - 335
— L=
= a2
23 o L oa1.h
% =z
o224 | 30.0
= %
. 21 . 29.
T T | T | 1 T T €
0. 0.  100. 150. 200. 250. 300. 350. 400. 450.. 500. 550.
SURFACE PARAMETERS '
NEW SARGASSO
YORK SEA
R 0
;100 _ | 100
v
@
[79]
-
< i
&
W 300 | TEMPERATURE (°C) ‘ — 300
400 _| | 400
500
500 i ; i . ] i
50, 100. 150. 200. 250. 300. 350. 400. 450, 500. $50.

DISTANCE (KM)
OLEANDER B708-09 10415 JULY 1987

Figure 12. Hydrographic data from M/V Oleander XBT Survey 7/15/87.
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Figure 13. Hydrographic data from M/V Oleander XBT Survey 8/19/87.
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