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Abstract

A chronology constructed from satellite-derived thermal imagery is
presented to describe the formation and life history of warmcore ring 82-B,
A comparison is made with warm-core ring 81-F in order to illustrate
similarities that may be common to warm—core rings that traverse the region of
the Slope Water occupied by 82-B. Particular attention is paid to discrete
events identified from analysis of changes in the surface thermal field.
Significant events include interactions between the ring and the Gulf
Stream, warm (Gulf Stream) and cold (shelf) streamers and interaction with
other vortices. The evenfé are documented by following changes in ring
size, shape, translation, and surface thermal structure. Observations
determined from the infrared satellite imagery are supported by hydrography,
acoustic velocity profiling and drifter trajectories.

Please refer to Aﬁpendix IV, Ring Glossary, for definitions of ring
tefminolqu.

Introduction

As part of the Warm—Core Rings Experiment, satellite imagery was 
acquired by University of Miami investigators for the purpose of studying -
warm—core ring 82-B during 1982, These data provide a unique daily.synoptic
view of mesoscale thermal variability on scales of 1-1000 Km and serve as a
basis for a number of kinematical studies of ring behavior and evolution.
The_preéent volume is 2 compendium of cloud-free satellite images for the
lifetime of rihg 82-B which were received from the polar orbiting spacecraft
NOAA-7 using the Advanced Very High Resolution Radiometer (AVHRR).

The AVHRR observes space-going radiation in two visible bands (550-680

nm., 725-1100 nm.) and three infrared Bands (3.55—3.93‘pm, 10,3-11.3 ym,



11.5-12.5 pm). A standgra processing procedure is used to transform the raw
satellite sensed radiances to a gridded temperature image. This procedure
includes navigation wherein each satellite picture element is earth located
to within one kilometer. Radiance data are atmospherically corrected using a
two-channel (10.3-11.3 um and 11.5-12.5 ym) algorithm that corrects for
water vapor and optical patb length effects. The atmospherically corrected
image is then remapped onto a pseﬁdomercator projection. Sea surface
temperatures processed in this manner have a nominal 0.7 C rms scatter. A
bias term ranging from 0 to 0.75 C can also be present which may have
diurnal and seasonal components. This bias tends to affect large areas of
an image and can be corrected in a number 6f ways (McClain, 1981; Bernstein,
1983). The final image is scaled from 0 € to 29 C in 0.125 C steps and
covers an area from 34,95 N to 40.05 N and 69,70 W to 76,30 W in one
kilometer increments. The original data set includes an average of fwo
images per day_from Julian Day (day) 50 through the end of 1982 plus
selected days prior to day 30, Images have been analyzed through:day 241;
the resulting data set contains 145 useable images.

The thermal images preseﬁted in this volume are color enhanced in 1 C
steps to show areal relations and seasonal changes in temperature. A separate
enhancement (not shown) is used fo highlight temperature gradients_wﬁich
facilitates the analysis of individual features and the location of frontal
boundaries.

Analysis of satellite images of temperature and chlorophyll is an
evolving process. Detecting a ring’s presence is staightforward if sufficient
temperature contrast is present. Determination of ring center, however, is

complicated by the detailed and constantly evolving structure of the surface



signature. Warm-core rings exhibit a warm central core that is usually
surrounded by streamers which may be warm, cold, or a combination of both.
Previous estimates of ring center from satellite imagery utilized the thermal
contrast associated with the boundary of the high velocity region (Brown et
al., 1983). Subsequent analysis showed that a center determined in this
manner has approXimately a 5 kilometer rms noise associated with it and is
‘sensitive to forcing that can alter the apparent location of the high
temperatufe front (e.g., frontal wave motion{ vortices imbedded in an
entrainment region, and Gulf Stream encounters). The present approach
utilizes the entraimment field with successive center estimates produced by
analyzing different entrainment boundaries and incorporating centér
estimates from temporaily neighboring images to produce a smooth track and
stable size estimates. Figure 1, presented on panel 3, shows 82-B's track
relative to the bottom topography highlighted by letters adjacent to major
event 1bcations. A table of the resulting ring center positions.and related
information is given in an appendix with a Julian to Gregorian calendar to
éi& in matching images and following this description; the event relations
are depicted in Figure 2. The new center estimates have been compared to
the previous analysis and are found to agree well with the derived track
line and earlier XBT and drifter derived center estimates (Hooker and Olson,
1984), * Consequently, modifications to the ring trajectory are restricted to
intercruise periods.

In most cases when the ring is free of eXternal forcing, such as Gulf
Stream or vortex interaction, central core determined centers agree with those
produced from analyéis of the entrainment field. A major difference lies in

" the image-derived size estimates. Normally, the high temperature core tends



). Utilizing the

to coincide with the radius to the velocity maXimum (Rvmax'

entrainment field produces a size estimate that is approximately 15 kilometers

larger than the R A problem associated with entrainment location is

vmax’®
estimation of where a specified streamline lies relative to the changing
temperature of the entrainment feature for different ring quadrants. At
present this problem is minimized by analyzing images in sets and imposing
continuity requirements on feature selection.
Overview

~Warm-core ring 82-B formed from a Gulf Stream meander sometime after day
39 and is first observed as a detached ring on day 56 with a QurfaCe core
temperature between 18 and 18,5 C. Separation probably occurs close to the
day 39 observation; lack of clear sateliite imagery prevents more aécurate
estimation of the formation date and initial surface temperature. Cpooling is
observed as a steady decrease in ring central core temperature between days
59 and 95 (0.03 - 0.04 c/day). Central core area shrinks between days 85
and 95 when cooler shelf and Slope Water is observed to penetrate the high
velocity region. Ring 82-B abruptly cools to 15.9 C following the passaée
of a major storm during days 96~97., Surface temperature remains nearly
coﬁstant until day 136 when warﬁing suggests cessation of deep convection.,
After a period of continupus cloudiness, 82-B is observed to have warmed,
presumably from entrainment of a warm Gulf Stream streamer, Ring cooling
resumes and is aided by entraimment of c¢old shelf streamers through day 166,
After passage of a storm on day 169, 82-B begins an uninterrupted seasonal
warming that lasts until day 180, Surface temperature from this point

through the end of the series on day 241 is moderated by a series of Gulf




Stream interactions and streamer events. Appendix I summarizes the history
of 82-3,
Image Discussion

Ring 82-B forms from a northward flowing Gulf Stream meander situated
along the 70 W meridian to 38.5 N (Figure 1, position A). Interaction with
warm~core ring 81-F, located northeast of the meander at 70.6 W, 39.3 N, from
day 29 to 39 probably assists in the formation process. A gaﬁ in available
imagery prevents observation of the separation sequence; however, 82-B is
observed to be separated from the Gulf Stream and advecting shelf water into
the Slope Water by day 56. Rings 81-F and 82-B remain in close proximity
with their high velocity regions separated at times by as little as 15 Knm
while 81-F transits the Hudson Canyon area. Both 81-F and 82-B rapidly
evolve between days 70 and 90. A small cyclone-anticyclone pair forms
between the two rings. The small cyclone is advected by the 81-F flow
field, and by day 77 its surface expression becomes entrained into 81-F.
Absorption of an associated cyclone carrying a ﬁixture of shelf and Slope
Water in its surface layers can rapidly alter a ring’s characteristics. In
this case, absorption causes a covering of approximately 40% of the ring’s
surface area with cooler water. Surface advection associated with this
event rapidly cools the ring and distorts the surface temperature pattern.
Ring 81-F is again recognizable as an anticyclomic circulation by day 90_
with a surface temperature characteristic of the surrounding Slope Water. A
similar ring-cyclone interaction,is observed as 82-B passes the Hudsoﬁ
Canyon although 82~B &oes not absorb the cyclone. Ring 82-B survives a near
Gulf St;eam encounter when a meander passes within 15-30 km of the high

velocity region on days 71 to 82 (Figure 1, position B). Cooling by



entrainment of cooler Slope Water and shelf water is evident starting from
days 75 to 85 and lasting through day 95 as evidenced by shrinkage of the
central warm surface pool (Figure 1, position C). Passage of the
aforementioned storm during days 96-97 lowers ring surface temperature to
the level observed during the April cruise.

During the time interval from formation until interaction with the Hudson.
Canyon fan, 82-B translates to the west along the 2700m isobath at
approXimately 4 cm/sec until day 91 (see Figure 1) whereupon it veers to the
southwest through day 109. Streamer activity during the westward passage is
characterized by cold streamers. No significant Gulf Stream meanderé are
observed from day 90 to 109, TInteractjon with the Hudson Canyon spans the
period from days 109 to 123 when water depth under ring center decreases to
2400 w (Figure 1, position D), At this time ring ellipticity increases, and
a warm streaﬁer is observed. As a coﬁsequeﬁce of the topographic interaction,
the ring’s major axis orientation shifts from essentially north-south to east;
west. During the same period, associated cyclomic vortices are observed to
the north, east, and south of 82-B, A warm streamer that bégins on.day 109
reaches the western side of 82-B by day 115, detaches from ring influence, and
is advected to the southwest as a linear cross slope fea;ure showing nearly
tniform drift to the southeast, |

Interaction with an associated cyclone dominates the pericd from day 123
to day 132 as 82~B moves downslope from the Hudson Camyon fan. A cyclone that
forms on the nmortheast of 82-B is advected to a position east of the warm ring
in a sequence similar to that affecting 81-F. Although 82-B does not absorb
the cyclone, shelf water entraimment is enhanced. Cyclone aided entrainment

continues from 132 to 139, whereupon the first spiral of cooler water into



ring center is observed. The ring returns to a track following the 2800m
isobath, and translation speed increases to approximately 7 em/s (Figure 1,
position E). The increased velocity is mostly in the meridional component.
Ring 81-F is involved in a series of Gulf Stream encounters from day 125
onward; subsequently, Gulf Stream meander amplitude is observed to increase.
A Gulf Stream meander approaches 82-B on day 139. Following an intervening
cloudy period that lasts until day 146, 82-B is observed to be significantly
warmer suggesting a warm streamer event has overridden the surface layer
(Figure 1, position F).

Ring 82-B begins a period of Gulf Stream and topographic interactions
following day 153 when a near Gulf Stream encounter occurs and ring center
returns to the 2400m isobath (Figure 1, position G). A similar event
progression is observed spanning days 160 to 168 when a cyclone appears on the
northern.ring.boundary and is advected around the high velocity region to ther
east. This cyclone interaction preceeds a period of cdld éhtrainﬁent that
penetrates to the ring interior (Figure 1, position H). |

A major storm passes over 82*3 on day 169 erasing small scale horizontal
-structure and entraimnment features. Ring 82-B becomes nearly stationary after
day 175 when.it reaches a point bounded by the.Gulf Stream to the south and
topography to the west; subsequent ring translation is dominated by Gulf
Strgam behavior. A prominent cold streamer is evident on days 174 and 175
when shelf water is advected across the Slope Water to the Gulf Stream where
it continues downstream. Another consequence of the ringh arrival at this
position relative to the Gulf Stream is tﬁe appearance of a cyclone to the

southwest of the ring and generation of pronounced warm streamers {days 177 to

180),



Strong interactions between the ring and the Gulf Stream, where Gulf
Stream water displaces ring surface and upper core water, are frequently seen
from this time onward, The first such event is centered on day 183 when ring
surface temperature increases as Gulf Stream water is introduced into the
surface layer. The characteristic near circular ring temperature surface
exXpression is perturbed during an overwash event. The surface manifestation
of the ring is disturbed by this overwash from days 183 to 189, Ring location
changes markedly during such encounters as the ring moves rapidly to the
northeast and then returns to the southwest following the passage of the
peander. Encounters between the fing and the Gulf Stream are centered on days
183, 202, 218, 222, and 238 (Figure 1, position I). Rapid surface warming of
the Slope and shelf waters through day 199 reduces thermal contrast between
82-B and its surrounding environment. The ring boundary becomes more evident
on days 203 and 206 as Gulf Stream water is entrained by the ring during a
rmgander encounter. ‘The ring boundary remains in close proximity to the north'
wall of tﬁe Gulf Stream through d#y 222 when 82-B eXperiences a major overwash

_event. On day 228, the ring is displaced to the north and is reduced in size.
Ring 82-B resumes translation to the southwest and encounters the Gulf Stream;
north walliby day 238, Ring surface thermal eXpression remains indistinct

through the end of the time series on day 241,
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Iable 1

Ring 82-B Center Location

Lon Lat Julian Size Phase Comment s
W N Day Km deg T
69,41 38,49 39 80 64 313 82-B formation
69.58 39.11 56 90 62 17 ring to west at 4 cm/sec
69,71 39,10 59 84 68 53
69.68 39,10 61 84 76 52 water depth 2700 m
69,74 39,10 63 82 74 29
70.06 39.09 71 80 380 18
70,09 39,10 73 76 71 335
70.15 39.09 74 81 70 356
70.37 39,17 77 80 73 13
70,56 39,17 82 85 69 20
70.64 39,17 85 78 71 349
70,81 39,15 88 76 67 34
70,81 39.16 89 78 68 34
70.88 39.13 91 85 74 29 ¥
70,87 39,13 92 83 71 49 ring to sw @ 232
71,13 39,06 95 82 58 53
96-97 major storm over 82-B
' 99-100 storm to east of 82-B
71,08 39,05 102 73 64 308
71.09 39.07 105 76 67 297 '
71.05 39.06 107 77 63 321 VY.
71.25 38,95 109 83 59 342 Hudson Canyon interaction
71,22 38,93 110 74 60 349 '
71,42 38,92 113 86 67 27 ring to west then reverse
71,55 38,90 114 81 60 41 back to east
71.57 38.88 115 91 59 49 water depth 2700m to 2400n
71.89 38,91 119 96 55 68
71,71 38.91 121 92 50 85
71,65 38,83 123 78 58 282 M.
71.63 38,76 124 85 62 290 cyclone dominated streamer
71.56 38.84 125 82 o4 80
71,69 38.76 127 77 63 290 Jﬂ
71.89 38,57 132 80 69 288 ring to sw at 7 cm/sec
71.96 38.46 135 80 64 325 water depth 2800m
72,01 38,40 136 81 66 331
72,06 38,41 138 85 6% 345
72,08 38.39 139 85 72 342
72,42 38,29 147 84 71 57
72.88 37.89 153 82 75 272
72,90 37.87 154 8 76 56 depth shallows to 2400gy
73,27  37.66 160 77 67 76 W =
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Table 1. (continued)

Lon Lat Julian Size Phase Comment s
W N Day Km deg T

73.57 37.22 166 74 63 272

73.62 37.18 167 76 64 49

169 major storm over 82-B
73.90 36,95 175 71 52 344

73,81 36,92 176 78 47 343  start of series of GS
73.91 36,93 177 65 50 341 interactions

73,91 36,85 178 58 55 56

73,81 36.85 180 58 51 297

73.86 36,77 181 73 51 271

73.96 36,86 187 70 56 313
73.98 36.84 188 68 66 76
73.96 36.86 189 68 61 67
73.49 36,80 198 73 54 86

73.56 36.89 200 66 50 297
73.75 36,92 203 64 32 296 Gulf Stream interaction
73.82 36,88 206 54 44 306

73,70 36,89 207 55 37 301
73,96 36,60 214 46 42 73

74,00 36,61 215 60 47 43

74,02 36,51 216 64 53 40

74,10 36.53 218 58 41 59 Gulf Stream interaction
73,94 36,61 221 44 33 64 '

73,86 36,47 222 49 42 295 Gulf Stream interaction
74,09 36,95 - 228 40 32 338
- 754,13 36.76 229 45 28 11

74.37 36,69 234 48 33 66

74,26 36,47 238 41 33 89  Gulf Stream interaction

74.32 36,46 239 44 33 69
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APPENDIX I1I

Table 2,

Jan Feb Mar Apr May Jun  Jul Aug

OO0 el A P LR e

32
33
34
35
36
37
38
39
40
41
42
43
4t
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

60
61
62
63
64
65
66

67

68
69
70
71
72
73
74
75
76
77

78

79
80
81
82
83
84
85
86
87
88
89
90

91

92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

107

108
109
110
111
112
113
114
115
116
117
118
119
120

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
151
192
193
194
195
196
197
198
199
200
201
202
203
204

205

206
207
208
209
210
211
212

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

Sep

244
245
246
247

248

249
250
251
252
253

254 .

255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

Oct

274
275
276
277
278
279
280
281

282

283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303

304

Nov

305
306
307
308
309
310
311

312.

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

329 -

330
331
332
333
334

Dec

335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
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APPENDIX ITI

A Note on Interpretation of Satellite Thermal Images

Sea surface temperatures are computed using a two—channel algorithm to
correct for variable concentrations of atmospheric water vapor (McClain,
1981). The resulting temperature field is mapped to a 500 by 500 km
pseudomercator grid with a nominal satellite ground resolution of 1 km. When
the atmospheric conditions are within the correction capabilities of the.two—f
channel algorithm, sea surface temperature is computed with an rms erroxr of
0.75 C and is represented in the color images as 1 C color steps with purple
and blue repfesenting cold temperature, green and yellow, mid-range, and
orange and red, warm. Due to the change in ring geographical location with
time, images are centered at 70.5 W, 38 N from February through March, and
73,5 W, 37 N from April through August, Location reference is provided by a
30 x 30 navigation grid and an overlay of the 200 m isobath. Continental land
ﬁasses'are highlighted in brown. Features in the first three images, days 29,
39, and 50, are used to describe some aspects of image interpretation.

Day 29 is representative of ocean structure resolvable in thermal imagery
on a élear, dry day. Features to note in the image: The Gulf.Stream is the
yellow—orange feature; extending northward along 70 W is the meander whiéh
forms ring 82-B; the green elipitical feature ceﬁtered at 71 W, 39 N is ring
81-F; énd the dark Blué linear feature immmediately to the east of 8l-F is a
cold'shelf streamer. The Slope Water region appears light blue between the
warmer {(yellow) Gulf Stream and the colder (dark blue) shelf waters. The
blue speckled region on the eastern side of the Gulf Stream is indicative of
small clouds. Increased cloudiness is seen on the eastern side of the image

on day 39, An area covered by clouds, haze or fog, is barder to estimite
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when the obscuring element has an apparent temperature similar to that of the
surrounding water. Analysi; of adjacent temporal images for space scales
consistent with oceanographic structure can be used to aid in resolving
indistinect cloud boundaries, The slanted dark lines seen south of 37 N are
areas of no data. Dark areas seen on day 50 are clouds. The colored areas
surrounding the obvious cloudy areas are atmospﬁeric transition regions where
the sea surface remains obscured but where temperatures are computed that

could represent realistic ocean surface temperatures.
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APPENDIX IV

RIRG GLOSSARY

Absolute vorticity: The sum of the relative vorticity plus the planetary
vorticity. (See potential vorticity for importance and use.)

Advanced Very High Resolution Radiometer (AVERR): Visible and infrared
sensing radiometer carried on TIROS-N/NOAA-6/7/8 satellites., Views the
earth in two visible channels (400-700 nm, 800-1100 nm) and three infrared
bande (3.7 - 4.2 pm, 10 - 11 pm, 11 - 12 ),

Advection: The moving of a fluid parcel as a result of the velocity field of
the fluid.

Anticyclogenesis: The strong shrinking of a fluid column which leads to an
increase in negative relative vorticity. This can cause the spinning up
of a warm—core ring or the spinning down of a2 cold-core ring.

Anticyclonic: Motion against the direction of the earth’s rotation, clockwise
in the northern hemisphere.

Attenuation Length {meters~1): (1) The reciprocal of the total attepuation
coefficient (the sum of the total absorption and scattering coefficients).
(2) Loosely, the reciprocal of the diffuse attenuation coefficient for
total or scalar irradiance. For consistency in biological and CZCS
applications, it is useful to consider the total diffuse attenuation of
photosynthetic available radiation (PAR) as measured using a quantum
scalar irradiance meter (Kpar) and to take the "attenuation length” as

(Kpar)'l-

Available potential energy (APE): The energy available for conversion to
kinetic energy due to the relaxation of the pressure field back to the far
field reference. In the case of 2 ring, this is the energy gained in
flattening the thermal field into the Slope Water; i.e., adding the ring
core to the Slope Water. {see Pedlosky, 1979; Reid et al., 1981)

"AVHRR: Bee Advanced Very High Resolution Radiometer.

Chlorophyll (surface): (1) The concentration of chlorophyll measured in a
water sample, usually within the top few meters of the water column.
(2) In a short quantitative sense, the signal measured by the satellite
sensor is determined by the spectral absorption and backscattering
properties of the water. These properties, in turn, are primarily due to
chlorophyll and phaeopigments (in biogenous waters) appropriately
integrated to a depth of one attenuation lemgth (a depth corresponding to

- 22% of the euphotic depth). Thus, "surface chlorophyll"™ as determined by

sgtellite, is a sum of chlorophyll and phaeophytin integrated over a
significant fraction of the euphotic zone (Gordon and McCluney, 1975;
Smith, Baker, and Dustan, 1981; and Smith, 1981), (3) Loosely, and when
discussing along-track fluorescence determination of chlorophyll, the
chlorophyll concentration at the depth of the ship’s seawater intake,
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In general, there is & strong correlaticn between the surface values of '
chlorophyll and the value integrated to one attenuation length (Smith and
Baker, 1978).

Coastal Zone Color Scanner (CZCS): Visible/infrared radiometer carried on
NIMBUS-7 spacecraft for the sensing of ocean color. Views the earth inm
the visible and near infrared (5 channels: 443 mm., 520 nm, 550 nm, 670
nm.,750 nm.) and the infrared {1 channel: 9.6 - 12 um).

Cold wall (of the Gulf Stream): See north wall.

Compensation depth: Depth at which photosynthesis is equal to respiration in
the phytoplankton.

Cyclogenesis: The strong stretching of & fluid column which leads to an
increase in positive relative vorticity. This can cause the spinniag down
of a warm—core ring or the spinning up of a cold-core ring.

Cyclonic: Motion irn the direction of the earth’s rotation, counterclockwise
in the northern hemisphere.

CZCS: See Coastal Zone Color Scanner.
Deformation radius: See Rossby deformation radius.

Detraimment: The expulsion of fluid out of a feature by advection (See ”
diffusion for a clarification of the difference between the scales
involved.)

Diffusion: The flux of fluid properties downgradients by subscale processes
(molecular irn the most simple case). (See turbulent diffusion for a
further comparison.)

Dissipation: The thermodynamically irreversible conversion of the state of a
property, as for example, the conversion of kinetic energy into heat.

Eccentricity ( ): A measure of the ellipticity of a feature, Defined as:
(a2 - v2)/e, where a is the major axis and b is the minor axis of

the ellipse,
Eddy: See vortex.

Eddy Diffusivity: A proportionality coefficient relating the dowmrgradient
turbulent flux of a property to the mean gradient of that property. Eddy
diffusivity is not a universal constant, but rather depends substantially
on the properties of the flow.

Eddy Viscosity: A proportionality constant relating the dowmrgradient flux of
momentum to the shear (veloc1ty gradient). Because velocity is not a
passive property, the eddy viscosity is different (apparently larger) from
the eddy diffusivity.
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Entraimment: The incorporation of fluid into a feature by advection. (See
diffusion for a clarification of the difference between the scales
involved.)

Euphotic depth: Optically, the depth to which irradiance is reduced to 1% of
its surface value. As g rough rule, the euphotic depth is equivalent to
4,6 attenuation lengths (Parsons, Tskahashi, and Hargrave, 1977),

Front: A gradient zone caused by horizontal convergence of two fluids of
differing densities associated with an upward velocity shear. These
features also lead to sharp gradients in other fluid properties.

. Gradient: The change of a property with respect to a spatial interval.

Gulf Stream core: Defined as the 15 C isotherm at 200 m (Stommel, 1966),
This is typically associated with an advective plume of warm surface
waters and the maXimum surface velocity.

High velocity region: That part of & ring associated with the region of
swiftly moving Gulf Stream water. This is typically in the area of the-
maxXimum thermostad volume per unit radius and just inside the surface ring
front.

Intrusion: A fipe scale (less than 10 km in horizontal dimensions and less
than 100 m in the vertical) entrainment of fluid often associated wit}
thermohaline effects, such as, double diffusion.

Kinetic energy (KE): The energy associated with the velocity field of a
feature.

Meander: A large scale, deformation radius or larger {greater than 50
kilometers), wave in a front or current.

Mixed layer: A layer within which fluid properties have constant
thermodynamic values. For example, a completely mixed layer has & zero
vertical potential dersity gradient,

Mixing: The thermodynamically irreversible molecular diffusion of & fluid
property. (Compare to stirring.)

Modon: An equilibrium vortex pair, composed of an anticyclome and a cyclone
in terms of pressure; for eXample, & warm—core ring and cold-core
ring in the case of & baroclinic pair (Stern, 1975; Flierl, et. al.,
1980). This ideal state is probably never reached for any length of
time in the ocean; although, the basic principle is useful for
considering vortex-vortex interactions.

North wall (of the Gulf Stream): The thermal front north (or west for
latitudes below Cape Hatteras) of the Gulf Stream core.
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Overwash: The surface overriding of a feature with neighboring fluid
Distinguishable from streamer entrainment by the areal coverage of the
feature which for overwash is typically on the scale of the rinmg.

Pigment: A measurement of the combined surface chlorophyll, phaeopigments and
accessory pigments (fucoxyanthin, phycoerithryn, etc,) which is used in
conjunction with CZCS color fields, The satellite measurement is
principally determined by the sum of the chlorophyll and chlorophyll
degradation products-— phaeopigments. The accessory pigments are presumed
to be a second order effect and are generally not considered.

Plaﬁetary vorticity: The component of vorticity derived from the rotation of
the earth (see Pedlosky, 1979),

Potential vorticity: A conservative property of a fluid in the absence of
dissipation or diabatic changes. In a warm—core ring this may be
approximated as the absolute vorticity divided by the thickness of the
fluid column: {¢+f)/h, where r is the relative vorticity, f is the
planetary vorticity, and h is the thickness of the fluid column.

Radius of deformation: See Rossby deformation radius.

Relative vorticity: The sum of the éngular momentum and the shear for a fluid
flow (Batchelor, 1967) or for a ring (0lsonm, 1980),

Ring: Originally, those eddies which form as a result of the Gulf Stream
folding back upon itself thereby isolating a core of anomalous water
inside a closed current of Gulf Stream water (Fuglister, 1972). Two types
of Gulf Stream rings are possible and they are classified as a
consequence of their formation location: rings formed in the Sargasso
Sea have cold (Slope Water) cores and rotate cyclonically; whereas, rings
formed in the Slope Water have warm (Sargasso Sea) cores and rotate
anticyclonically. More recently, the term is applied to eddies formed
from other western boundary currents in a similar fashion, The functional
feature is the existence of a high velocity jet or front around the eddy
and the ability of the eddy to transport fluid properties with it as
it tramslates.

Ring center: Various descriptions of ring center are, of course, possible,
The two most common are the Eulerian center, which is calculated from the
center of mass of an isotherm anomaly, and the Lagrangian center, which
is ugually calculated from drifter trajectories (see Flierl, 1981; Hooker,
1983

Ring core: The water trapped within the region of the ring which carries
anomalous water properties with respect to the far field reference.

Ring phase: By convention, the orientation of the major aXis with respect to
true north.
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Ring translation: The motion of the center of mass of & ring; this is
preferred over propagation, since it does not connotate strict wave-like
behavior.

Rossby deformation radius: The distance over which the gravitational tendency
to render a free surface flat is balanced by the tendency of the Coriolis
gcceleration to deform the surface (Pedlosky, 1979).

Seasonal thermocline: A region in the upper water column where temperature
changes rapidly with depth. Seasonal thermoclines are not a permament
feature of a water column and are usually formed as & consequence of the
annual warming associated with the summer season (compare with
thermocline).

Sea Surface Temperature ($ST): A measure of the temperature of the ocean’s
surface usually made with a bucket from water just below the surface, or a
continuously recording system taking water from 3-5 m below the surface,
or an average value from the upper 1-5 m observed by CID or XBT. {Not to
be confused with skin temperature)

Shelf water: Those waters formed over the continental shelves; that is, water
to depths of 200 meters or less. :

Shingle: See spin~off eddy.

Skin temperature: The radiation temperature of the upper millimeter of the
ocean sensed by satellite (AVHRR or CZC8). (See also sea surface
temperature.)

Slope Water: A mixture of one-third Gulf Stream water and two-thirds Shelf
water (McClellan, 1959), The actual mixture varies in agreement with the
region’s nature as a transition zone between high latitude waters and the
waters of the subtropical gyre {(Wright, 1978).

Spin-off eddy: A highly anisotropic ageostrophic eddy associated with intense
fronts, like the Gulf Stream or rings, less than one deformstion radius
across (approximately 10-30 kilometers) but of varying length (up to 100
km or more). They sre also known as shingles and if found on the north
wall of the Gulf Stream, they usually have cyclonic circulations.

SST: See Sea Surface Temperature,

Stirring: The production of property gradients by the straining and shearing
of water masses. When property gradients become sufficiently large
molecular diffusion acts to remove these gradients and promote homogenéous
(mixed) properties. (See also mixing.)

Streamer: A strong advective feature delineated by sharp frontal boundaries
or edges whose along track dimension greatly exceeds the across track

dimension.

Swirl velocity: The azimuthal current in a vortex.
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Thermocline: The deep region in a water column where temperature changes
rapidly with depth., Also known &s the permanent thermocline because of
the absence of seasonal variability.

Thermostad: A region of low vertical tempersture gradient usually consisting
of homogeneous properties; e.g., salinity. A warm—core ring’s thermostad
is most often modified central water from the Sargasso Sea.

Trapped zone (or region): The volume of fluid moving with a ring; i.e., the
ring core (see Flierl, 1981),

Turbulent diffusion: Macroscale analog to molecular diffusion. The effectlv
down-gradient transport of a property by turbulent motions.

Vortex: An isolateable component of a flow field that has a closed circulation
of its own. Note that for a weak vortex the net flow may carry fluid
through the feature.
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