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Abstract

This anmmal report, the sixteenth in a serics, sumimarizes formations, movements
and life histories of warin-core rings in the slope water off the northeustern United
States. In 1989, fourteen rings were present in the slope water, ten of which formed in
1989; the remaining four rings were formed in 1988 and survived into 1986, Life spans of
rdividual rings ranged from 18 to 186 days, with four rings Laving life spans of 30 days
or less. All she rings which developed in 1989 formed cast of GO°W longitude. Only one

ring survived into 1990.

This report suminarizes for the sixteenth vear, 1989, the mm:'cments of anticyclonic
wirnit core Gulf Stream rings in the slope water vegion off Lhe coast of the northeastern
United States, primarily from Georges Bank and sonth of Nova Scatia to Cape Hatteras,
North Carolina. Similar yearly nnalyses have been prepared for each of the preceding

fifteen years, beginning with and generally following the methads described by Disagni

(1976).

Information Sources and Analysis Methods

This analysis is based primarily on data collected by the Advanced Very High Res-
olution Radiometer (AVHRR), a sensor aboard NOAA-11, one of the National Oceanie
and Atmospheric Administration (NOAA) polar-orbiting satellites. Two to three satcl-
lite passes covering the study area ars potentially available each day, depending on the
extent of cloud cover present. Using the processing facilities of the Oceanographic Re-

mote Sensing Laboratory, University of Rhode Island, the Ligh resolution (1 ki) digital




datr are atmospherieally and geometrically corrected and enlianced to-identify.-thermal
features. Oceanographic Analysis Charts prepared by. the-NOAA National Occan Scervice
are utilized to help interpret the relative positions of thermal features. Opportunistic
shipboard data received from-scientists and fishermen also-are imtegrated when available,

A:base map showing submarine canyon locations and zones used in.the zonal analy-
sis is-provided.iu Figure 1. Ring ceuter positions and tracklines-are plotted in Figures. 2-
4,6,8-17. Formation and’destruction lseations and otlier periodie positions ave dated. At
any time of theyear, and especially in- the smnmer, rings may not be visible in satellite
imagery, hecause of lack-of thermal contrast at the surface. When rings in close proxim-
ity to one another are not-visible or-are-hidden-by-clonds for-a. numnber of weeks there
may be uncertainty in:distinguishing between the rings when they reappear. In;such
cases, the simplest interpretation of movements has been: accepted.

Surface boundaries of rings arc shown for-the-estitnated: date of formation and- at
representative stagesin the life of the ring. Tlic location of-these boundaries:involves er-
rors of nnkunown magnitudé, though every effort has beensinade to use various enhance-
ment techniques to reduce these-errors.

Only: rings which-ocenrred west of G0° "W ilongitude duringsome portion of their
lifetinie are congidered in this analysis. Rings are-labelled, with: the year-in-which-they
formed or-crossed G0°'W, and-alphabetically. in-the ordér of formation: This report in-
cludcs-lonly wartn core rings formed when:the Gulf Streain meanders to the nortly, then
closes: back on.itself; trapping warm Sargasso-Seaswater-incits core, and.then-breaks
away from thie Stream:. Additional’ warm patclies of water with apparent- cireulation: ap-
pear periodically in the slope water region,. iowever-since: tieir-formation 5. not: i the
above-described tnanner, these are not labelléd as Wm‘rﬁ- core-rings: These warm eddies

are therefore; not included'in this report:

Ring-Histories

A totak:of fourteen- warm core- GulfStream rings:oceurred.in the slope water-region
between Cape‘Hattg-raﬁ, ‘North Carolina-and:607 W- longitude during:1989. Four of thesc
rings-formed-in.1988 and the remainder formed-in: 1989: One of the rings:that formed in
1989 persisted’into 1990: Estimated formation andi destruction: dates:as. well ‘as lifespans
for the rings ave listed: in Table 1

Ring 88-H: (Fig. 2} formed from alarge Gulf Stream meander-on- 15 July 1988 con-
tercd:near-40:6° N, 63.0° W. Ring $8-H was a compnrn‘fi‘vuly laage ring, with a-surface
diameter of approximately: 266 kmron 21 July: On, 31 December, the-ring, Celﬂcred at

38.2° N, 73.0° W, Liad becomie very elongated in an-east-west direction and was exhibit-




ing strong slope water entrainment. This ring continued moving southwestward in early
.Iamla.ryv and was resorbed by the Gulf Stream on 16 Januiry 1989, Its last known posi-
tion was centered at 36.7° N, 74.4° W on 14 January.

Ring 88-1 (Fig. 3) formed from o Gulf Stream meander on 8 Novembeoer 1988, con-
tered ab 39.7° N, 61.1° W. At the e of its formation, the surface diameter of this ving
wis approximately 278 kin. By 30 Decamber, the ring, centered near 39.1° N, 67.1° W,
ceased interacting with the Gulf Stream. Clowds obscured the area for several days, but
apparently the ring was resorbed in carly January. An cxact destruction date or location
could not he deterinined hecause of extensive cloud cover. The last known position was
contered at 38.4° N, 67.4° W on 7 Jammary, but by $4 January only warm remnants of
the ring remained,

Ring 88-K (Fig. 4) formed from a Gulf Stream meandor on 14 November 1588, con-
tered near 39.8° N, 66.0° W. The ring moved westward in the slope region for the rest of
the year and was centered near 39.4° N, 7(.0° W on 31 Decemnber 1988,

On 3 January 1989, ring 89-K was centered at 39.3° N, 70.3° W, with a surface
diameter of 114 kin. The ring continued to exhlibit strong circulation, cutraining arge
amounts of shelf and slope water. In late January and early February, warm Gulf
Stream water spilled out of the north wall as the Stream meandered southward. This
warm water moved westward under the influence of the ring. Meanwhile, excess shelf
water from the (cnt:';'l‘inmcnt formed a pool southwest of the ring.

The M/V Oleander passed through ring 88-k during an XBT survey on 3 Febru-

ary. Data fromn the Oleander (Fig. 5) show a surface salinity maximum of 35.9 ppt in

the central area of the ring (reference distance 210 km on figure 5), indicating the in-
fluence of higher salinity Sargasse sea water. Further along the trackline (ref. dist. 300
km) the salinity dropped to 32.5 ppt, indicating the presence of shelf water entrained
in the ring’s northern Lalf and carricd along the ring’s southern border, The vertical
t(_‘[lll)ei'&tl..l['(.‘ profile also confirms the ring’s location as evidenced by depression of the
isotherms within tle ring (ref. dist. 200-300 lan).

Aliheugh cloud cover obscurred the area tiroughout wneh of February, riug 88 K
apparently moved southward in the slope region, The ring’s size continued to decrease
until it was finally resorbed on about 7 March. The last kuown center position for ring
88-K was on 2 Marcly at 37.2° N, 74.0° W.

Ring 88-L (Fig. 0) formed from a large Gulf Stream meander on about 14 Decen- |
ber 1388, theugh the exact date of formation is estiniated becanse of cloud cover, On 20
December, the ring was centered st 40.4° N, 63.1° W. The same meander which formed
88-L also spawned Ring 88-] v month earlior. Ring 88-L comtinucd to interact with this
meander throughout December thereby inkibiting its movement, This ring, which con-

timged into 1989, was centered near 40.1° N, 63.7° W on 30 December.
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Ring 88-L, was centered at 41,3° N, 64.9° W on 14 January. After remaining in the
same general avea for nearly a month, with a compact circular surface expression, the
ring Began a fairly rapid southwest movement, with translation between the 21 Febro-
ary and 2 March positions averaging nearly 13 kin per day. This was accompanied by
warming of slope waters to the east of the ring and an absence of meanders in the Guif
Stream. In mid-©March, the ring was cenfered at abont 40° N, 68° W and was interact-
ing with a streamer of warm water which had broken out of the north wall of the Gulf
Stream to the west of the ring. These warm steamers, known as shingles, ocenr periodi-
cally along the Gulf Stream’s north wall,

From mid-March through May, the ring cutra.ine(l large amounts of shelf and slope
water, circulated around as much as three-fourths of the ring's boundary, and frequently
interacted with warm shingles from the west. The dinmeter of the ring after passing 66°
W, averaged ahout 86 km and . nearly always was in contact with the shelf edge and the
north wall of the Gulf Stream. Though surface evidence of ring eirculation continued,
thermal contrast hetween the ring center and the surrounding water was sometimes loss
than 1° C .

On 11 June, the ring was (:(:utcrt‘rd af 38.7° N, 72.4° W, and was abont two-thirds
surrounded by a warm shingle. An XBT transcet through the northeast edge of the ring,
by M/V Oleander on 10 JTune (Fig. 7), confirmed the extremely weak surface contrast of
the ring seen in tlie satellite imagery. The ring was resorbed fully by the next clear scene
on 17 June,

Ring 89-A (Fig. 8) forned from o Gulf Stream meander on 15 January and was
centered at 40.6° N, 56.4° W. The ring erossed 60° W longitude en 2 February., It was
very difficult to follow t,ile progression of this ring because its location was so far to the
east where cloud cover persisted for long periods of time. The arca of the ring was only
clear of clouds approximately once per three to fmlu' weeks on average. Therefore, the
description and positions given here are cstimates only,

Ring 89-A was a very large ring (224 kun surface dinneter) when it formed. It ve-
mained large for a fow weeks as it began moving slowly westward. It continued inter-
acting with the Gulf Stream during this time. The ring gradually decreased in surface
diameter throughout February and March., A meander fm'med. to its south in mid-March
which prevent.-ed the ring from woving westward. Also, the ring was interacting with a
portion of the Gulf Streain to the cast. which also restricted its westward progress.

I canly April it heeame ditficult to distinguish Ring 89-A% onter boundary from
the surrounding slope water. The ring apparently moved a short distance te the west al-
though it remained under the influence of the Gulfl Streant meanders to either side of the
ring. The ring was resarbed by a meander ou 27 April. Its lost known center position

was 40.2° N, 64.6° W on 26 April with a surface diameter of 80 ki,




Ring 89-B (Fig. 9) was o short-lived ring which forined along the western edge of a
Gulf Streim mennder on 3 June, The ring was fivst centered at 40.3° N, 63.8° W with
a surface dianeter of 100 k. Althongh the ring had detached from the Galf Stream, it
continued to be influenced by the meander. The ring moved slightly eastward and then
traversed southward down the face of the meander. Meanwhile another meander formed
to the west, trapping the ring between the two meanders. Ring 89-13 was resorbed 1 the
trough hetween the meanders on 21 June.

Ring 89-C (Fig. 10} was formed from a Gulf Stream meander on 24 June, centered
at 39.2° N, 67.7° W. The ring began traversing westward, entraining shelf water aleng
its castern and southern borders, During this period $6-C was flanked to the west by a '
wart circulation feature and to the cast by ring 89-D which had just formed.

89-C contimed jts westward novemnent in carly July. Tn mid July a large meander
located ecast of the ring moved northwestward pushing the ring with it. The meander
coutinned brilding toward the ring and eventually resorbed ring 89-C. The exact resorp-
tion date could not be doternined due to clond cover, bit, by 22 July the ring was 1o
longer visible in the sirrounding slope waier. Its last known position was on 15 July
centered at 32.7° N, 69.4° W.

Ring 89-D (Fig. 11) was another very short-lived ring. It formed from a mean-
der on 28 June, and was centered at 3%.7° N, 66.5° W. The ring detached from the
Gulf Stresan and began moving westward by early July. The meuander from which 89-

D f()rnllcd moved northwostward, stopping the westward movement of the ring. Clouds
obscured the area thromgliout nmch of the montl, but apparently the meander resorbed
39-D in mid-July. By 11 July the ring had weakened considerably and was ditBendt to
distingnish from the surrownding war slope water. Imagery from 15 July showed ouly
remnants of the ring.

Ring 89-E (Fig. 12) formed on about 22 July. Clouds obseured the arcn for the pre-
vious 10 days so the actual formation date could not be determined. The ring was con-
tered at 41.6° N, 63.5° W afler forming along the northeast edge of a northwest trending
meander.

Ring 89-E continued interacting with the meander s the tmeander hegan pinelidng
off to formr a new ring. The ring appeared to split in early Angust and the main porticu
noved westward while the siedler portion was resorled Ly the meander, By 10 Angnst,
the ring cxhilited astronger surlice expression aned Detter defined onter hongdarios,

It was difficult to track the path of 83-T throughout muely of il 1o late Angust,
hecuuse of clowd cover and poor thepmal contrast with the surrounding waters. Mowesver,
80-E continued interacting with the large newly formed ring (89-H) to its south. Ring

89-H eventually absarbed much of 89-E and the remnining portion lost encrgy and cissi-
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pated in the slope water. The last known position for 89-E was on 27 August, centered
at 41.7° N, 64.8° W,
Ring 89-F (Fig. 13) formed along the northwestern edge of the smine meander which
generated ring 89-E. 89-F was first located at 40.3° N, §6.1° W on 24 July. "The ring
quickly broke away from the Gulf Stream and began moving westward. By the end of

July the ring had a strong surface expression and o surface dinmeter of 114 ki as it be-

gan entraining shelf water aned cirenlating it along its enstern boundary.

Ring 89-F was pushed slightly nortliward by the large meander to the cast and then
the ring continned its westward movement. By mid-Angnst 89-F was interacting with
the meander. The meander pinchied of to form $9-H which also interacted with ring $9-
F. Ring 80-F was bounded to the west by g 898-G and stopped moving westward, The
ring deereased in size, and becane elongated as il interncted witly 80-H. Ring 89-F was
absorbed by 89-H on 20 August at 39.8° N, 67.3° W. At the time its surface diameter
was only 57 km.

Ring 80-G (Fig. 14) was a very large ring which formed from o Gulf Strenm meun-
der on 27 July, centered at 39.1° N, 68.7° W. The ring began moving northwestward,
however its southeastern edge remained in contaet with the meauder. The ring’s surface
shape elongated to the west while continuing to internet with the meander to its east.

Ou 9 Angust the ving appeared to separate o the meander ind hegan entraiving
shelf water along its costorn cdge. Cloudy weather obscuzed the area for a fow days, but
apparently the ring started interacting with the weander again. During this time 89-G
remained very large (178 ln disnneter) with a strong surface expression,

Clouds contimed to obseure the area thronghont muel Angnst, however it was Pos-
sible to follow generally the ving’s internetion with the meander. The meauder was also
very large and trended far to the west of its hase councetion with the Gulf Stream. Be-
cause of the ring’s continned interaction with the meander i did nob progress very far
westward during August.

In carly September Ring $9-G iucrensed iu size to 218 ki surface dinmeter. Alse, o
long streamer of warin water was trending wostward from the northeru velge of the ring.
This streanier had a sea surfice tempernture similar to the ring’s SST. As the ring tra-
versed westward the streamer dissipated aud was no longer visthle by the end of Octo-
ber.

The ring continued lateracting with the weander which also renained large. By
mid-September anew ring began forming rom the mennder. This new ring (89-T) also
absorbed some of 80-C so that when the viugs Bually separated fron the Gnlf Stream in
late September, the surface expression of 89-G had deerensed to 146 km diameter.

Clouds obscured the area for several days in early October amd the ring was not vis-
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ible again until 13 October. As the ring moved through the slope water it entrained shell
water atd earried the sholf water along its eastern and sonthern borders. Ring 85-G
moved in a sonthwesterly direction during Novewber, Clowds obscured the arca from 1.4
November through 26 November, during which time the ving moved rapidly through the
slope water. [t was scen muel farihier to the southwest on 27 November. The ring con-
tinmedd moving sonthwird e Decomber and ds size continned (o deerense. Clonds agiin
obscured the aren at the end of December, but 89-G apparently continued iuto 1990 (vis-
ible in early January, 1990). Its last known center position of 1989 was 37.8° N, 73.4° W
on 13 December with a swrface dinmeter of 63 km.

Ring 89-H (Fig. 13) formed as an extromely Inrge ving on 12 Anguost. It svas first
centered at 30,65 N, §4.6° W and had a surface diameter of 224 ko The ring innne-
diately Degan interacting with 83-E to the vorth and 89-F to the cast. ‘By the end of
August it had absorhed both 82-E aud 80-F. Ou 31 August the ring bhegau moving
westward, Its swface cxpression had decreased to 175 dizaueter sud its major axis had
shified to o nore eost-west orentation.

In early September ring 89-H coutinued to diminish in size. The ring was interact-
ing with the eastern edge of the large meander which was also interncting with 80-G.
The ring appeared to lose strengtl rapidly during this period and remuined near]y stu-
tionary, The arca was obscured by clouds in late September and early October, but ap-
parently the ring was resorbed Ty the Gulf Stream on abeut 8 October. Clear imagery
on 11t October shiowerd that the riug was completely dissipated. The last known loeation
of 80-H was on 2 October ceutered at 40.6° N, 65.9° W,

Ring 89-1 (Fig. 16) forined from a large Gulf Stresun nweander which also was in-
ferncting witl ring 89-G. §0-1 was first eontered at 30,37 N, 67.2° W ou 22 Sepieber.
Althougl the ring was mmitially quite bavge (aface dimmeter of 18 ki), s surface ox-
pression decreased guickly and by 10 October it had a sweface diameter of 89 k.

Ring 89-1 moved slowly westward in September and Oetober. Tt retuained influeneed
by the Gulf Stream and by Ring 89-G to the west. The ring f:mltiﬁlu:tl losing energy as
evidenced by its decreasing surfuce expression througliont October. On or shortly afier
24 QOctober, the ring was resorbed by the Gulf Streau. The ring’s last center position
was 39.5° N. 68.6° W at which time its surfice diameter was ouly 40 km,

Ring 89-T (Fig. 17) formed along the western edge of 0 weander on 17 Oetober, T
wis fivst eentered af 39.9° N, GAL.0° W, The ring hegan to move wesbwird, howevor it
immediately lost strengtl as it continned interacting with the meander. The ring had a
weak surface exprossion: on imagery from 11 Nevember through 15 November and was
resorbed sometime after 15 Novermbor, Unfortnnately, clones abseured the aren for the

rest of the year so the resorption date is ouly an estimate.



Zoual Apalysis

A generalized swmmary of the movements of vings dnriog 1930 is-pr(:m:mwl m Talile
2. This ssmmary shows the nogs” mid-month positions with respest to the zones din-
grammed in Fig. 1. There were 24 total zone-month ocenrrenees in 1989, the lowest to
tal (elong with 1974) in the sixteen yenes that these statisties have been ealculated. The
low zouc-anontl total was becanse several riugs were very shovt-lived. During 1974-1988,
the total zone-month occurrences averaged 37 with a high of 51 ocourrences in 1982 and
1983, No zone was ocenpicd by move than one ring at mid-nionth in 198%, This is the

fifth consecutive year that no rings have occupied Zone 8.

Conposite Tracklines of Ring Center Positions and Envelope of Surface Boundaries

A composite of tracklines of all ring center positions, and an envelope of ring surfee
Loundaries appear in Fig. 18, The envelope was developad frow boundary positions dig-
_ it;im:(l from satellite data, Of the ten rings which forued in 1989, only one formed enst
of 63° W {89-A); four formaed 1><:L.wc<‘,n 63° W oand 63° W (89-B,80-E,80-H,80-T); und the
remaining five formed west of 65° W. OF the tolal fourteen rings \‘vhicl] occirred in 1989,
three rings never moved west of G5° W, seven others never maoved west of 70° W, ;m.rl

four (ravelied west of 70° W,

Number of Rings, Times of Formation, aud Loneevity

Ten warm core Gull Streans rings forned diring 1930 off the northeast coast of
North America. Duriig 1974-1088, ring formntion aversged nine per year, ranging from
a inimum of four in 1974 to a maximum of fifteen in 1983, Four vings that formed
in 1988 survived into 1989, Of the ten rings that forwed in 1989, one hiad formerd aned
crossed GOT AV by the ead of April; seven formed from June throngh Sepbember, aned o
formead in mid October. Longevity of the rings forned i 1989 ranged from 18 days ro
greater tlin 198 days with fonr rings having life spans of 30 days or kess. Only one ring

persisted to 19950,
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Table 1. Ring Formation and Destruction Dates, and Life Spans.

Ring Dates Life Span (days)
S8-H U7/15/8S - 01/16/89 186
83-J 11/08/S - (01/07/89) 62
88-K 11/14/88 - (03/07/89) 114
SS-L 12/14/88 - 06/12/59 1S
89-A 01/15/80 - 04/27/S0 - 103
$9-B 0G,/03/89 - 06/21/80 19
80.C 06/24/89 - (07/22/89) 20
89-D 016/28/80 - 07/15/89 18
$9-E 07/22/80 - 08/29/89 38
80-F 07/24/80 - 03/20/50 Y
89-G 07/27/89 - Continued juto 1990 >158
$0-H 08/12/80 - {10/09/89) o
89 1 09/22/80 - 10/21/30 33
89-J 10/17/89 - (11/15/80} 30

Table 2. Ring Positions at Mid-Month with respect to Zone during 1989,

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

1 89-4A
2 89-4 89-E 89-J
3 88-L 88-L £9-B 89-H 80-H
4 ss-L 80-D 80-F 89-1
3 88-L 80-C 89-G 80-Gi 89-Ci
6 88-Ix 88-Ix ) 83-1. 88-L 89-C
7 89-G
8
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Figure 1. Base Map for ring tracklines, showing
conyon names and zones used in Toble 2.
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Figure 7. Surface and water-column conditions (temperature in °C'

salinity in parts per thousand) detected Ly M/V Oleander
XBT survey on 9-10 June 1589.
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Figure 8. Trockline of Ring 89-A.
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Figure 9. Trackline of Ring 89-8.
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Figure 10. Trackline of Ring 89-C.
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Figure 171. Trackline of Ring 8%-D.
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Figure 12. Trockline of Ring 89-E.
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Figure 13. Trcckhine of Ring 89-F.
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Figure 14. Trackline of Ring 89-G.
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Figure 15. Trockline of Ring 39-H.
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Figure 16, Trackline of Ring 89-1.
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Figure 17. Trackline of Ring 89-J.
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Figure 18. Composite of oll Tracklines and
Envelope of Rings Positions.
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