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Tables

Table 1a. Dates of eddy observations with RAFOS floats.

Event Eddy Detected Eddy Properties Estimated
Start End Start End

Eddy A (664) 22 Oct 2005 30 Mar 2006 02 Dec 2005 18 Mar 2006

Eddy B (581) 22 Jun 2006 24 Jul 2006 03 Jul 2006 12 Jul 2006

Eddy C (680) 27 Aug 2006 28 Dec 2006 26 Sept 2006 18 Dec 2006

Eddy C (582) | 13 Aug 2006 | 04 Jan 2007 - -
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Table 1b. Eddy properties estimated from wavelet analysis for the time period of reliable
statistics, except for mean temperature, which is estimated for the time period of eddy detection

(see Table 1a).

Event Mean R MeanV (m Mean T Mean In Lifetime
(km) ) (days) situ (months)
(potential)
Temp. (°C)
Eddy A 18.3 —0.29 5.3 3.75 (3.63) 5.1
(664)
Eddy B 13.4 —0.16 7.3 4.04 (3.99) 1.1
(581)
Eddy C 25. —0.3 6. 3.87 (3.82) 4)
(680)
Eddy C - — — — 48
(582)
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Table 2a. Fitting periods.

Case Mean depths Fit period start Fit period start Fit Number
period of points
duration in time
window
m uTC uTC days
East 1a 1021 1233 1517 18:00 30 Dec 1978 12:00 04 Jan 1979 4.75 20
East 1b 1021 1233 1517 00:00 11 Jan 1979 | 00:00 13 Jan 1979 2.00 9
East 2 1021 1233 1517 18:00 25 Jul 1979 06:00 02 Aug 1979 7.50 31
South 2 1017 1513 18:00 30 Jul 1979 | 00:00 03 Aug 1979 3.25 14
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Table 2b. Observed extreme temperatures and associated fields.

Case Depth Temperature Extreme values
Extreme Reference Anomaly Time of extreme 0 Salinity Ois

m °C °C °C uTC °C kgm™
East 1la 1233 4.69 6.05 -1.36 1800 01 Jan 1979 4.59 - -
East la 1517 3.71 4.63 -0.92 1800 01 Jan 1979 3.59 34.86 34.59
East 1b 1233 3.90 5.88 -1.98 0000 12 Jan 1979 3.80 - -
East 1b 1517 3.71 461 -0.91 1800 11 Jan 1979 3.59 34.85 34.58
East 2 1021 2.37 6.75 -4.38 0000 29 Jul 1979 2.31 34.15 34.20
East 2 1233 4.47 5.38 -0.90 0000 29 Jul 1979 4.37 34.77 34.41
South 2 1017 4.78 6.85 -2.07 0600 01 Aug 1979 4.70 34.56 34.20
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Table 2¢. 6-S mixing analysis.

Case Depth Warm end saline point Cold and fresh end point Cold fraction
5] S O15 0 S O15 pressure 0 S
m °C kgm*> | °C kgm™ dbar
Eastla,b | 1517 | 4.60 | 35.03 34.58 3.37 | 34.81 | 34.58 738 82% 88%
East 2 1021 | 6.63 | 35.10 34.31 0.91 | 33.85 | 34.13 175 76% 76%
South 2 1017 | 7.26 | 35.13 34.22 0.13 | 33.48 | 33.91 135 36% 35%
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Table 2d. Observed flow extremes.

Case Depth First rate maximum Second rate maximum Elapse | Directio
d time n
change
Rate Directio Time Rate Directio Time
n n
m ms? °T uTC m s °T days °T
East 1a 1233 0.16 41 0000 31 Dec 1978 0.11 255 0600 04 Jan 1979 4.25 -146
East 1a 1517 0.20 68 0000 31 Dec 1978 0.20 248 0600 04 Jan 1979 4.25 -180
East 1b 1233 0.18 351 1200 11 Jan 1979 0.11 253 1800 12 Jan 1979 1.25 -98
East 1b 1517 0.18 357 1200 11 Jan 1979 0.17 225 1800 12 Jan 1979 1.25 -132
East 2 1021 0.29 282 1200 27 Jul 1979 0.25 121 1800 30 Jul 1979 3.25 -161
East 2 1517 0.15 262 0000 27 Jul 1979 0.06 197 1200 31 Jul 1979 4.50 -65
South 2 1017 0.21 21 0000 01 Aug 1979 0.12 60 1200 01 Aug 1979 0.50 39
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Table 3a. Model parameters and standard errors.

Case Depth Maximum Radial Closest Time of closest Backgroun | Backgroun
azimuthal scale R approach approach d flow d flow
flow V y0 speed direction
m ms? km km uTC ms?! °T
East 1a 1233 | -0.12+0.01 6.6 +0.7 25+1.2 0000 02 Jan 1979 | 0.05+0.03 337 £ 004
East la 1517 | -0.18 £0.02 13.7+1.7 46+31 2000 01 Jan 1979 | 0.07 £0.06 336 £ 019
East 1b 1233 | -0.11+£0.03 6.8+1.7 16+13 0000 12 Jan 1979 | 0.14 £0.02 292 + 006
East 1b 1517 | -0.14 +£0.02 58+1.2 1.0+1.2 0100 12 Jan 1979 | 0.10£0.03 289 + 004
East 2 1021 | -0.24 +0.01 12.2+05 3.1+04 2300 28 Jul 1979 | 0.10+0.01 205 + 002
East 2 1517 | -0.05+0.00 14.7 £0.9 19+27 0600 29 Jul 1979 | 0.09 +0.01 229 + 001
South 2 1017 | -0.61+0.16 10.3+£0.9 18.5+2.8 | 0700 01 Aug 1979 | 0.16 £0.03 224 + 008
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Table 3b. Model streamfunction and temperature fits and goodness of fit statistics.

Case Depth | Geopotential Temperature anomaly Flow Temperature
height
anomaly
Model Model At closest rms R- rms R-
amplitude amplitude approach residual | squared | residual | squared
m m °C °C ms™? °C
East 1a 1233 0.02 -1.0 -1.0 0.03 0.93 0.27 0.88
East la 1517 0.05 -1.0 -0.9 0.03 0.96 0.15 0.97
East 1b 1233 0.01 -2.2 -21 0.02 0.97 0.11 0.99
East 1b 1517 0.02 -1.0 -1.0 0.02 0.97 0.10 0.98
East 2 1021 0.06 -5.1 -5.0 0.04 0.95 0.58 0.96
East 2 1517 0.02 0.1 0.1 0.02 0.95 0.08 0.49
South 2 1017 0.12 -6.6 -1.3 0.02 0.97 0.39 0.81

61




Table 3c. Derived parameters (Rossby number Ro, scale height h0).

Case Depth Ro Brunt— N/f hO
Vaisala
period
m h m
Eastla | 1233 0.16 0.73 27 246
East 1a 1517 0.12 1.17 17 825
East 1b 1233 0.14 0.73 27 254
East 1b 1517 0.21 1.17 17 349
East 2 1021 0.17 0.49 40 309
East 2 1517 0.03 1.17 17 886
South 2 1017 0.51 0.47 41 252
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Table 3d. Observed and modeled salinity and density anomalies at closest approach.

Case Depth Salinity anomaly at Salinity | o015 anomaly at closest o015 R? Vertical
closest approach R? approach displacement

inferred from o015

anomaly

Observed Model Observed Model Observe
d
(m) kg m” kg m” (m) (m)
Eastla | 1517 -0.18 -0.18 0.97 -0.007 -0.014 0.78 -29 -56
East1b | 1517 -0.18 -0.20 0.99 -0.016 -0.023 0.73 -60 -85
East 2 1021 -0.87 -0.93 0.98 -0.043 -0.016 0.03 -29 -12
East 2 1517 0.00 0.01 0.15 -0.028 -0.012 0.40 -104 -47
South 2 | 1017 -0.45 -0.30 0.87 -0.017 -0.019 0.45 -12 -13
South 2 | 1513 -0.01 -0.017 -63
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Appendix: Extracting Eddy Signals from Float Trajectories

A.1. Fundamentals

It is convenient to let the float trajectory be expressed as a complex-valued time series

z(t) = x(t) + iv()

where x(t) and y(t) are displacements, in kilometers, obtained from an expansion about a central

latitude/longitude point in the usual way, and i =+/=1. This time series is assumed to be of the

form

z() =z, () + z ()
where Ze(t) is the oscillatory displacement of a particle about the center of an eddy, and Z. (t) is a

residual corresponding to the apparent center of the eddy. In this representation, any

measurement noise would be included in the residual signal . (t).

The key step is the introduction of a model for the eddy signal, which is represented as a particle
orbiting the periphery of a time-varying ellipse (Lilly and Gascard, 2006; Lilly and Olhede,

2010):

Z (1) = e [a(t) cos ¢p(t) + ib(t) sinfd(D)]]. (1)
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Here a(t) and b(t) are the time-varying major and minor semi-axis lengths, ¢ (t) is the time-
varying ellipse orientation, and ¢ (t) is the phase angle of the particle location around the ellipse
periphery. The semi-major axis a(t) is positive by definition, while the sign of b(t) determines the

sense (counterclockwise or clockwise) in which the particle orbits the ellipse.

While the model (1) is under-determined, unique choices for the right-hand-side parameters can
be found for a given left-hand side by employing the same logic by which a musical note (for
example) may be described as having a time-varying frequency and amplitude; see Lilly and
Olhede (2010) for details. The model has two innovations: it enables the eddy shape to be
elliptical rather than circular, and more importantly it captures the possibility of time-dependency
of the eddy currents. It is evident that the model (1), while purely kinematic, is an attractive
match for a variety of dynamical solutions, for example, an anticyclonic lens deformed into an

ellipse by a steady strain (Ruddick, 1987).

A.2. Physical quantities

The ellipse properties can be transformed into more physically meaningful quantities. The

geometric mean radius, R(t) = Ya{Ob(® | is an average radius that does not change as the particle
orbits a fixed ellipse; rather, it changes only as the ellipse geometry changes. Note that R(©) is not
intended to be an estimate of the radius of an eddy core. Rather, R(t) can be interpreted as the
apparent radius of the eddy streamline that is instantaneously occupied by the float. R(t) can
change either because the eddy evolves, or because the float moves to a new streamline within an

unchanging eddy.

65



An analogous mean speed, the geometric mean velocity V(t. similarly characterizes the typical
speed with which the particle circulates the ellipse periphery. This quantity is found by explicitly
differentiating (1) and rearranging the result to have the same form, but with a new pair of semi-
axes @(t) and B(Y), which now have units of velocity. Then V() = sga(b()Vab@© gives the
geometric mean velocity, defined to be negative for clockwise rotation; exact expressions for @(t
and b(® in terms of the parameters of (1) may be found in Appendix E of Lilly and Gascard
(2006). The geometric mean velocity V() agrees with the azimuthal velocity when the ellipse is
purely circular, but is more appropriate for describing the velocity associated with an elliptical

displacement signal.

A measure of the shape of the ellipse is given by

2 a(t)b(t)

‘0= 2oz o

which is naturally called the ellipse circularity, as $(t) varies between —1 for a negatively rotating

circle and +1 for a positively rotating circle. Purely linear motion corresponds to §(y = o

A characteristic time-varying frequency associated with the motion of a particle around an ellipse

can now be constructed. Lilly and Olhede (2010) show that

d d_
w(t) =a¢(t) + f(t)a (0
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is the natural measure of the instantaneous frequency content of the modulated ellipse Z-(t). This
involves contributions from both the changing position of the particle around the ellipse ¢(t3, as
well as the changing ellipse orientation €(- When the ellipse is purely circular with a fixed
radius B , «@(t) becomes the (constant) angular velocity |V|/R. For a purely linear signal, as
when ¥(®) vanishes for example, «(t) reduces to the standard definition of the instantaneous
frequency content of a univariate signal. Weighted by the local power of the signal z.(t), the
time-average of «(t) recovers the first moment (that is, the mean value) of the Fourier spectrum
of z.(t) — an attractive result that supports the interpretation of «() as an “instantaneous”

frequency. See Lilly and Olhede (2010) for details.

A.3. Parameter estimation

In practice, the ellipse parameters appearing in (1) must be estimated from an observed trajectory
z(t) = z, (1) + z,(©) containing both the eddy signal as well as the background flow. A solution to
this problem has been proposed by Lilly and Olhede (2010, 2009b) building on the earlier work
of Lilly and Gascard (2006). The ellipse parameters are identified through an optimization
problem in which the signal is projected onto a time- and frequency-localized oscillatory “test
function”, that is, a wavelet (). The wavelet ¥(2. which like a complex exponential €*“* is
naturally complex-valued, can be rescaled in time as ys(t) = (w(t/s))/s to generate different
frequency content. At each moment, the particular choice of scale s is found which maximizes
the power of the projection. Chaining together the points of maximum projection from moment

to moment leads to a time-scale curve known as a “ridge”. The values obtained by the wavelet

67



transform along the ridge form an estimate of z.(t), from which estimated ellipse parameters can

be deduced.

The estimation of z:(t) from the trajectory z(t) has only a handful of free parameters. One must
specify a frequency band — essentially, a range of «(#) values — to search for a local optimum,
which we take to be from 1/2 to 1/16 of the local Coriolis frequency. There is an amplitude cutoff
to reject a point from consideration for a local optimum if its value is too weak, which is chosen
here as a one kilometer displacement signal; this cutoff has the effect of removing a few “false

positives” which appear to be obviously due to noise.

The remaining, and most important, free parameter concerns the choice of wavelet ¥(t). An
investigation into different families of wavelets (Lilly and Olhede, 2009a) showed a particular
family, dubbed the “Airy wavelets”, to have particularly attractive properties for this type of
analysis on account of their high degree of frequency-domain symmetry. The Airy wavelets are
controlled by a single parameter, %, which is called the wavelet duration. As the duration
increases, more “wiggles” fit into the central time window of the wavelet, and the degree of time-
domain smoothing increases. Here, we choose ©» =3 which corresponds to about one
oscillation fitting between the half-power points flanking the central maximum of the wavelet

amplitude. This wavelet can be seen in the last row of the “Airy wavelet” column of Figure 6 in

Lilly and Olhede (2009a).

It may be shown that if one creates a displacement signal e through equation (1) given a

prescribed set of ellipse parameters, the method described above can recover these parameters to
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a high level of accuracy provided the ellipse properties change slowly compared with the ellipse

frequency (Lilly and Olhede, 2011), and provided the “noise” Zsity is not too strong in the

frequency range occupied by the eddy signal at each moment.

A.4. Analysis example

As an example, Figure Al shows the recovery of a synthetic “eddy”. A purely circular eddy
having a constant period 2x/|w| of five days begins abruptly at time t=0 days. The eddy initially
has radius R(0)=10 km and velocity V(0)=—0.14 m s™. Radius and velocity magnitude linearly
increase, so that at time t=50 days both have doubled to R(50)=20 km and V(50)=—0.29 m s,
Signals such as this one are commonly observed to occur as a float slowly drifts across material

surfaces in the solid-body core of an eddy.

The recovered properties, using identical parameter settings to those applied to the data, are
shown in each panel with gray lines. There is an “edge effect” region, occurring within plus or
minus one period from the sudden transitions at the start and end of the eddy signal. In these time
intervals, the eddy properties are not accurately recovered. Away from these regions, the eddy
properties are recovered extremely well. In Figure Ala, for example, the recovered displacement
signals are not visible during most of the record because they are exactly overlapped by the true
signals. Although in this example, the mean flow has been set to zero, the method is entirely
invariant to the addition of a constant mean flow, i.e. a signal of the form zy(t) = uo(t-to) + ivo(t-
to), where up and vq are constants. Therefore this example suffices to illustrate the recovery of

slowly-varying eddy properties in an arbitrary constant advecting flow.
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The corresponding radius / velocity plot is shown in Figure A2, using the geometric mean radius
and velocity defined above. There are two messages to this figure. The first is that slow changes
of the radius and velocity can be accurately recovered, as is seen by the fact that the recovered
properties (solid gray) are nearly completely overlapped by the true properties (black). The
second message is that the edge-effect regions can lead to straight lines on the R/V plane. These
regions give the appearance that the float is profiling through a solid body core, but this is an
artifact of the analysis. Loosely speaking, one may say that in the edge effect regions the analysis
“sees” a signal with decaying amplitude but fixed frequency. In summary, points near the edge
effect regions are interesting in that the analysis method detects an oscillation, even though the
properties of this oscillation cannot be accurately estimated because the local rate of change is

too great.
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Figure Captions

Figure 1: Schematic diagram of the major currents around the Grand Banks of Newfoundland,
including the southward-flowing Western Boundary Current of the subpolar gyre (blue) and the
Gulf Stream (GS), its Northern and Subtropical Recirculations and the North Atlantic Current
(red). ExPath RAFOS floats were released sequentially at several cross-slope positions along the
section north of the Grand Banks near 50°N. The triangle near 38°N, 50°W indicates the position
of the BIO-50W moored array. The location of one of the sound sources used for tracking (D) is

also shown. Isobaths are at 1000-m intervals.

Figure 2: (a) Trajectory of ExPath RAFOS float 664 (Eddy A) after its release in the southward-
flowing WBC near 50°N. The float trajectory is color-coded according to float temperature. The
trajectory is superimposed on the climatological mean in situ temperature at 1500 meters from
HydroBase, which is plotted with the same color scale as the float temperature on the trajectory.
White dots are plotted at the first of each month. (b) Time series of float temperature and

climatological mean temperature along the float’s trajectory.

Figure 3: Residual trajectory (black curve) for float 664 and eddy realizations (ellipses, drawn to
scale) every three days along the trajectory obtained from the wavelet ridge analysis. Ellipses
from the “edges” of the eddy segments are black, indicating the lower confidence in the eddy
dimensions within two rotation periods of either end of the eddy segments. Isobaths are drawn

every 1000 m.
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Figure 4: Time series of Eddy A properties based on data from float 664 and the wavelet ridge
analysis. The different colored lines correspond to the different eddy segments identified by the
analysis. The property estimates are less reliable during the time it takes for two rotation periods
at the beginning and end of each eddy segment, and these estimates are denoted by dotted lines.
(a) geometric mean radius, R, (b) geometric mean speed, V, () rotation period, T=2n/®, where ®
is the angular velocity, (d) float temperature and (e) residual speed. The vertical lines in (d, €)

bracket the full length of each eddy segment (including the first and last two rotation periods).

Figure 5: Time-of-arrival (TOA) for signal from sound source D (see Figure 1 for location) as
recorded by float 664. The continuous oscillatory signal indicates that float 664 was looping

continuously in a single eddy throughout the period of low-quality trajectory (November 2005).

Figure 6: V versus R from the analysis of float 664. Open circles indicate the ends of the eddy

segments. The linear fit is made using only the solid green symbols.

Figure 7: Time sequence of maps of m s Dynamic Topography (ADT) from AVISO
(combination of time-dependent sea level anomaly and mean m s dynamic topography) with 14-
day track segments of float 664 superimposed. Contour interval is 10 cm and isobaths are drawn

every 500 m, down to 4500 m. Panels are separated by two weeks.
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Figure 8: Expanded view of ADT (contour interval 5 cm) and float 664 track segments (14-day)
as the float approached the Corner Rise Seamounts. Bathymetry is contoured at 500-m intervals

down to 4500 m.

Figure 9: Silhouette of the Corner Rise Seamounts as viewed from the north, with the location of

Eddy A when it hit one of the seamounts. Depths based on ETOPO?2 gridded digital bathymetry.

Figure 10: (a) Same as Figure 2a but for the 700-dbar float 581 (Eddy B), superimposed on the
climatological mean temperature at 700 m from HydroBase. (b) temperature measured by float

581 and mean climatological temperature at 700 m along the float path.

Figure 11: Same as Figure 3 but for float 581, Eddy B. Isobaths are contoured every 500 m.

Figure 12: Same as Figure 7 but for the time period of Eddy B. Panels are shown weekly.

Figure 13: Same as Figure 2 but for 700-dbar float 680, Eddy C. Note that the oscillations in the

time series of background temperature result from the north-south motion of the float in the

presence of a meridional mean background temperature gradient.

Figure 14: Same as Figure 4 but for float 680, Eddy C.

Figure 15: Time series of TOA from sound source D as recorded by float 680, showing

continuous oscillatory motion starting with the formation of Eddy C around 27 August 2006.
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Figure 16: Same as Figure 7 but for the time period of Eddy C. Trajectory segments from three
different 700-m floats are shown: 680 (dot), 582 (x) and 586 (star). The first seven panels show
the eddy formation at the TGB, while the last five panels illustrate the cessation of float looping

when Eddy C hit the Gulf Stream. There is a 2.5-month gap between the two sequences.

Figure 17: Time series of temperature for the three floats in Eddy C: 680 (blue), 582 (red) and

586 (black).

Figure 18: (a) Contoured potential temperature based on data at nominal depths of 1000, 1200,
and 1500 m (mean depths 1021, 1233, and 1517 m) from the BIO-50W East site for 23
November 1978 - 19 January 1979. Selected contours of 615 (grey curves) are also shown. Note
that the o5 contours are based on data from only the nominal 1000 and 1500 m depths because
of high noise levels in the 1200 m salinity data. Nearly identical minima in potential temperature
of 3.6°C occurred at 1500 m at 1800 01 January 1979 and 1800 11 January 1979 (vertical lines).
Minima in potential temperature of 4.6°C and 3.8°C occurred at 1200 m at 1800 01 January 1979
and 0000 12 January 1979 respectively. Estimated mean measurement depths are marked with
horizontal lines. (b) Similar contoured potential temperature at the East site for 22 July 1979 — 05
August 1979. A minimum in potential temperature of 2.3°C occurred at the 1000 m level at 0000
29 July 1979 (vertical line). A minimum in potential temperature of 4.4°C occurred at 1200 m at
the same time. (c) Contoured potential temperature based on data at nominal 1000 and 1500 m
depths (mean depths 1017 and 1513 m) from the South site for the same period as the middle

panel. A minimum in potential temperature of 6.9°C occurred at 1000 m at 0600 01 Aug 1979
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(vertical line). The results are blanked in the 1100-1400 m depth range to emphasize that the

vertical interpolation is based on data from only 1000 m and 1500 m depths.

Figure 19. (a) Potential temperature — salinity diagram showing 1500 m observations from the
B10O-50W East 1a,b analysis period and 1000m observations for the East 2 and South 2 analysis
periods. Contours of o35 are shown at 0.2 kg/m® intervals with labels at 1 kg/m3 intervals. A
reference curve (solid line) is derived from the annual HydroBase climatology interpolated to the
location of the East site. Hudson 89037 50°W CTD data (blue dots) and end points (large open
circles) of mixing lines (dashed curves) discussed in the text are also shown. (b) Scatter plot of
o15 VS. salinity anomaly relative to the reference curve for the same points plotted in the Figure
19a. The first data point in each of the two analysis periods is highlighted with a black circle. The
salinity associated with the 1.8°C minimum reference potential temperature is about 34.89. Since
this value is also used as the reference salinity for all potential temperatures less than 1.8°C, the
curvature of the mixing lines is different for potential temperatures below and above 1.8°C. This
breakpoint occurs at salinity anomalies of -0.86 for the East 2 mixing curve and -1.03 for the

South 2 mixing curve.

Figure 20: Data and model fits for the 1000 m BIO-50W East 2 analysis period. (a) Estimated
eddy trajectory oriented towards 205°T. Dots along the trajectory corresponding to the 31 data
points at 6 hour intervals used to fit the parametric model. The estimated translation speed was
0.10 m s and 6 hours corresponds to a 2.2 km distance increment. Also shown are selected flow
anomaly vectors from the fitted eddy model at the point of closest approach (open triangle) at

distances of multiples of R/2 from the eddy center. (b) Range from the mooring to the eddy

75



center as a function of time. (c) Bearing from the mooring to the eddy center. (d) Measured (thick
grey curve with dots) and modeled (thin black curve) composite u-component. Residuals
(observed - fit) are shown as a dotted curve. (e) Measured and modeled composite v-component
and residuals. (f) Measured and modeled composite longitudinal flow ut (towards 205°T) and
residuals. (g) Measured and modeled transverse flow vt (towards 115°T) and residuals. (h)
Measured and modeled composite rate. (i) Measured and modeled temperature anomaly and
residuals. The model temperature anomaly is simply the least-squares projection of the

normalized Gaussian streamfunction onto the measured temperature anomalies.

Figure 21: Data and model fits for the 1000 m BIO-50W South 2 analysis period as in Figure 20.
The analysis period includes 14 points at 6 hour intervals. (a) Measured (thick grey curve with
dots) and modeled (thin black curve) composite longitudinal flow ut (towards 224°T). The flow
reversal to a minimum composite longitudinal flow of —0.20 m s corresponds to a peak
longitudinal flow anomaly of about 0.35 m s since the estimated translation speed was 0.16 m s°
! (b) Measured and modeled composite transverse flow vt (towards 134°T) and residuals. (c)

Measured and modeled temperature anomaly and residuals.

Figure 22: Stick plots of horizontal flow at the 1000 m levels for 22 July 1979 — 05 August 1979
for the BIO-50W East site (upper panel) and the South site (lower panel). A common scale arrow
is shown in the upper panel. The flows are partitioned into model anomalies (thin black lines)
and residual (thicker grey lines) defined as the observed flow minus the model anomaly. The two
plots use different upwards directions as indicated by the North arrows. The upwards flow

direction for the upper panel (East site) is towards the 044°T transverse flow direction. The
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upwards flow direction for the lower panel (south site) is towards the 294°T longitudinal flow
direction. Vertical lines mark the times of closest approach from the fits at the two sites. The two
sites are separated by 50 km and the difference in the times of closest approach is 80 hours,
giving a mean advection speed of 15 km/d or 0.17 m s™ towards 294°T if the two anomalies are
related to a single feature. For comparison, the background flows from the model fits at the East

and South sites were 0.10 m s™ towards 205°T and 0.16 m s™* towards 224°T respectively.

Figure 23: Schematic illustration of an SCV subducted downward along sloping isopycnals that
represent the Gulf Stream. Dashed lines show how an isobaric 700-m float could “pop” out the
top of the eddy and a 1500-m float would move to a vertical position higher in the eddy after the

eddy has crossed the Gulf Stream.

Figure 24: Expanded view of the bathymetry of the eastern slope of the Grand Banks. Contour
interval is 500 m, highlighted every 1000 m. The positions one rotation period after the three
eddies were first detected by the wavelet analysis of the RAFOS float trajectories are indicated

by colored circles with radii of float looping.

Figure 25: Same as Figure 24 but showing a close-up of the bathymetry of the TGB and the
trajectories of each of the three floats that were used to identify Eddies A, B and C. Small open
circles indicate float position every day, and large circles represent the actual looping radius of
the floats in each eddy (664 in Eddy A, 581 in Eddy B and 680 in Eddy C). Isobaths are drawn

every 200 m and in bold every 1000 m.

77



Figure Al: A synthetic eddy signal, and its recovery. Panel (a) shows the eastward (solid black)
and northward (dashed black) components of a circular, anticyclonically rotating displacement
signal. The geometric mean velocity V(t) in (b) and geometric mean radius R(t) in (c) linearly
increase in magnitude, while the period 27/|o| in (d) remains constant. In each of panels (b—d),
the recovered signals using the method described in the text are shown with dashed gray lines for
time periods before t=5 days and after t=45 days, and as solid gray lines during other times. The

solid gray lines are generally not visible since they are exactly overlapped by the true signals.

Figure A2: The radius/velocity plot for the synthetic eddy signal shown in Figure Al. As in
Figure Al, the solid black curve shows the true properties, while the solid gray and dashed gray
lines are the recovered properties from the central time period and the “edge effect” time periods,

respectively.
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