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Supplements Overview1

The following supplementary sections provide additional technical detail, sensitivity anal-2

yses, and methodological justifications that complement the main manuscript. Each sec-3

tion addresses a specific aspect of the dataset quality, spatial integration, or interpretation4

of the Bentayga eddy dynamics.5

• S1: Sampling synopticity and Doppler-induced distortion.6

• S2: Idealized eddy reconstruction from quasi-synoptic sections.7

• S3: Radial zonation based on hydrographic and velocity structure.8

• S4: Sensitivity of integrated budgets to domain boundaries.9

• S5: Justification for core-limited integration using OceT.10

• S6: Concluding remarks on methodological robustness.11

• S7: Supplementary Video – Life cycle of the Bentayga eddy12

All altimetric eddy metrics used in this supplementary study—including eddy trajec-13

tory, center position, and the perimeter corresponding to the maximum circum-averaged14

geostrophic speed—were obtained from the near-real-time (NRT) product META3.2exp15

distributed by AVISO+ (SSALTO/DUACS) (https://www.aviso.altimetry.fr). Fur-16

ther details are provided in the main manuscript.17
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S1: Sampling synopticity and Doppler-induced18

distortion19

During the eIMPACT2 survey, an intrathermocline eddy named Bentayga was extensively20

sampled aboard the R/V Sarmiento de Gamboa. The sampling strategy comprised several21

phases, two of which are included in the present study.22

One of the main concerns raised by an anonymous referee (https://doi.org/10.23

5194/egusphere-2025-99-RC3) was the lack of synopticity in the dataset selected to24

evaluate the eddy’s geometry and its derived properties—specifically, kinetic energy (KE),25

available potential energy (APE), available heat anomalies (AHA), and available salt26

anomalies (ASA).27

Here, building on the framework proposed by Allen et al. [2001], we evaluate the degree28

of spatial distortion introduced during the sampling phase used for those calculations:29

the Oceanographic Transect (OceT) phase. The objective is to assess how accurately the30

eddy’s true structure was captured under non-synoptic sampling conditions.31

To this end, we compare the OceT results with quasi-synoptic sections that provide32

a more instantaneous view of the mesoscale structure. These comparisons, both visual33

and quantitative, help estimate the potential bias introduced by spatial distortion and34

are intended to directly address the methodological concerns raised during the review35

process.36

S1.1 Mathematical Formulation37

Equation (10) from Allen et al. [2001] describes the effect of asynoptic sampling on the38

apparent wavelength of a propagating signal, as observed from a moving vessel:39

λ′ = λ

(
1− c

vv

)−1

(S1)

where:40

• λ is the true spatial wavelength of the feature (e.g. the intrinsic horizontal scale of41

the eddy),42

• c is the propagation speed of the feature (e.g., the eddy’s translational velocity),43

• vv is the vessel speed along the same axis as the feature’s motion,44

• λ′ is the apparent wavelength inferred from the moving platform.45

This relationship captures a Doppler-like distortion introduced by the relative motion46

between the sampling platform and the moving feature. When the vessel travels in the47

same direction as the propagating feature (c > 0), the observed wavelength increases48

(λ′ > λ); conversely, if the vessel moves against the propagation direction, the observed49

wavelength is shortened (λ′ < λ). This Doppler-induced deformation can significantly50

affect the interpretation of mesoscale features, particularly when diagnosing their spatial51

structure or computing derived quantities that depend on horizontal gradients.52

To formalize this distortion, we define a Doppler Factor D:53

D = 1− c

v
(∥)
v

(S2)

where:54
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• c > 0 is the propagation speed of the feature, defined as positive in a fixed reference55

direction,56

• v
(∥)
v is the component of the vessel’s velocity along the same direction.57

Depending on the sign of v
(∥)
v , the Doppler Factor can take two regimes:58

• v
(∥)
v > 0: vessel moves in the same direction as the propagating feature (down-59

stream),60

• v
(∥)
v < 0: vessel moves in the opposite direction (upstream).61

The Doppler Factor modifies the apparent wavelength as:62

λ′ =
λ

D
= λ

(
1− c

v
(∥)
v

)−1

(S3)

Thus:63

Downstream sampling: D < 1 ⇒ λ′ > λ. The structure appears elongated.64

Upstream sampling: D > 1 ⇒ λ′ < λ. The structure appears compressed.65

S1.2 Effective along-propagation velocity in cross-stream tran-66

sects67

In cases where the vessel traverses the feature along a path that is not aligned with its68

direction of propagation (e.g., a cross-stream transect), the vessel’s effective speed in the69

direction of the feature’s movement must be projected onto the propagation axis. As70

shown by Allen et al. [2001], this projection can be expressed as:71

vf = vs
S

S + Λ
(S4)

Where:72

• vv is the vessel’s speed along the actual sampling path (e.g., the cross-stream tran-73

sect),74

• vf ≡ v
(∥)
v is the effective component of the vessel’s speed projected along the direc-75

tion of the feature’s propagation,76

• S is the track leg separation,77

• Λ is the length of each cross front leg of the vessel’s track.78

This expression allows us to convert a cross-stream transect velocity vv into an equiv-79

alent along-stream velocity vf , which can then be inserted into the Doppler factor and80

apparent wavelength expressions defined previously.81

In our specific case, the vessel executed a single, long transect nearly orthogonal to82

the direction of the eddy’s propagation. This situation corresponds to the limit where83

the cross-track leg length Λ is much greater than the leg separation S, i.e., S ≪ Λ.84

Under this condition, the projection of the vessel’s speed onto the eddy’s propagation85

direction—used to compute the Doppler factor—can be expanded as follows.86

3



Starting from the projection formula given by Eq. S4, we introduce the small param-87

eter ϵ = S
Λ
≪ 1, and rewrite the expression as:88

vf = vs ·
ϵ

1 + ϵ

Expanding in powers of ϵ yields:89

vf ≈ vv ·
(
ϵ− ϵ2 + ϵ3 − . . .

)
= vv ·

(
S

Λ
−
(
S

Λ

)2

+

(
S

Λ

)3

− . . .

)
Since S → 0 in our case, this shows that:90

vf → 0 ⇒ D = 1− c

vf
→ −∞

That is, the **effective along-propagation velocity becomes negligible**, which implies a91

**strong Doppler-like distortion** when computing apparent wavelengths from a cross-92

eddy transect. In this regime, the classical Doppler factor and gradient-based diagnostics93

must be interpreted with caution or corrected using time-adjusted spatial coordinates.94

S1.3 Description of the survey phases95

S1.3.1 eIMPACT OceT phase96

The non-synoptic phase corresponds to the eIMPACT OceT phase, conducted between97

19 and 28 November 2022. It consisted of a series of 26 oceanographic stations along a98

nearly zonal transect (OceT) that crossed the eddy from east to west (Figure S1). At99

each station, vertical profiles of CTD-O and VMADCP were obtained. The stations were100

spaced approximately 12.7 ± 2.8 km apart, and the profiles extended from the surface to101

a depth of around 1500 m.102

Figure S1: Study area showing the eIMPACT OceT phase. White stars indicate its
26 oceanographic stations. The thick dark red line traces the trajectory of the eddy with
selected dates annotated. Colored dashed ellipses depict eddy’s perimeter on specific days
and corresponding colored dots mark its center.
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As seen in Figure S1, some degree of distortion in the eddy’s shape can be inferred103

from the sampling. This is explained by the fact that the Bentayga eddy was translating104

with an average velocity c of 0.051 ± 0.012 m s−1, while the R/V was moving in the same105

direction at a mean speed vv of 0.454 ± 0.167 m s−1. As the anonymous referee pointed106

out, and as also discussed in Allen et al. [2001], this distortion resulting from the lack of107

synopticity may compromise the structural integrity of the eddy, introducing a significant108

bias in all calculations involving its spatial dimensions.109

S1.3.2 eIMPACT SeaSoar phase110

The quasi-synoptic phase used in the main manuscript corresponds to the eIMPACT111

SeaSoar phase, conducted during 9–14 November 2022. Continuous measurements were112

obtained using a towed CTD-O mounted on an undulating SeaSoar vehicle, combined113

with VMADCP observations. This phase employed a southwest–northeast sampling grid114

consisting of seven transects (each approximately 278 km long), spaced by ∼22 km, and115

sampled vertical layers between 30 and 320 m depth (Figure S2). However, this dataset116

was primarily used to construct an objectively interpolated three-dimensional field, rather117

than to evaluate the structural shape of the Bentayga eddy.118

Figure S2: Same as Figure S1, but for the spatial coverage during the eIMPACT Sea-
Soar phase. Thick black lines indicate the grid-like trajectory of the R/V. Diamond
markers highlight the paths of transects T3 and T4, both colored by date

In the present report, we use two of the seven along-eddy transects, selecting those119

closest to the eddy’s center. For consistency, we retain their original numbering, with120

transect T3 located to the south and T4 to the north of the Bentayga eddy’s cen-121

ter. Transect T3 was conducted on 11 November, approximately between 01:00 and122

17:00 UTC, with the R/V moving in the same direction as the eddy at a mean velocity123

of vv = 4.31 ± 0.092 m s−1, while the Bentayga eddy exhibited a translational veloc-124

ity of c = 0.041 m s−1. T4 was recorded between 19:00 UTC on 11 November and125

10:00 UTC on 12 November, during which the R/V moved against the eddy’s direction126
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at a speed of vv = 4.29 ± 0.127 m s−1, while the eddy translated at a mean velocity of127

c = 0.051± 0.014 m s−1.128

S1.3.3 eIMPACT Ortho-transects phase129

In addition to the main survey phases, a distinct configuration of two orthogonal tran-130

sects—hereafter referred to as the ortho-transects—was conducted across the Bentayga131

eddy, forming a cross-shaped sampling pattern centered on the eddy (Figure S3). These132

transects were carried out immediately after the end of the eIMPACT SeaSoar phase,133

between 02:00 UTC on 14 November and 03:00 UTC on 15 November. During the eIM-134

PACT ortho-transects phase, only VMADCP currents were continuously recorded.135

Since both transects intersected the eddy close to its center, they were used to evalu-136

ate the radial structure of its azimuthal velocities and to compare it with that obtained137

during the eIMPACT OceT phase.138

Figure S3: Same as Figure S1, but for the eIMPACT ortho-transects phase. The
color-coded circles represent the full trajectory of the R/V, with colors indicating hours
elapsed since the beginning of the phase (14 November at 02:00 UTC). Stars and diamonds
mark the segments defining ZT and MT, which were selected for the analysis presented
in this study.

The transects—hereafter named the Zonal Transect (ZT) and the Meridional Transect139

(MT)—crossed the eddy from west to east and from south to north, respectively. The140

ZT was conducted on 14 November 2022 between 02:00 and 08:00 UTC, spanning a total141

distance of 116.07 km. During this period, the R/V moved at an average speed (vv)142

of 4.60 ± 0.22 m s−1, opposite to the eddy’s propagation direction, which exhibited a143

translational speed (c) of 0.0704 m s−1. The MT was carried out between 19:00 UTC on144

14 November and 03:00 UTC on 15 November, covering 122.43 km from south to north.145

In this case, the vessel moved at a similar speed of 4.66 ± 0.24 m s−1, approximately146

orthogonal to the eddy’s translational path.147
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S1.4 Apparent Structure Deformation148

S1.4.1 OceT Transect: Along-Eddy Sampling149

Based on the Doppler factor analysis presented above, we expect that the eddy structure150

observed during the eIMPACT OceT phase was subject to spatial distortion due to the151

asynoptic nature of the sampling. In particular, the Bentayga eddy translated westward152

at a mean speed of c = 0.051±0.012m s−1, while the R/V advanced in the same direction153

with a mean velocity of vv = 0.454±0.167m s−1. Over the course of the ∼9-day transect,154

the eddy displaced approximately 40 km, a distance comparable to its inner-core radius155

(∼ 25 km) and substantial relative to its total horizontal scale (∼ 100 km). This motion156

is expected to stretch the apparent horizontal structure of the eddy in the direction of157

sampling, as predicted by the Doppler framework.158

Figure 5 of the main manuscript—showing vertical sections of conservative temper-159

ature, absolute salinity, and potential density anomaly along OceT—presents signatures160

consistent with this elongation. In that study, however, we interpreted the structure as161

a physical feature of the eddy: an inner core surrounded by two distinct velocity rings,162

together spanning a radial width of ∼ 55 km. Interestingly, this scale is close to the mean163

displacement of the eddy during the OceT sampling phase, suggesting that the observed164

ring-like structure may, at least in part, result from Doppler-induced deformation.165

As derived earlier, the Doppler FactorD should quantify the distortion in the observed166

spatial scale due to asynoptic sampling. To express this distortion as a percentage change167

in the apparent spatial scale, we define:168

∆λ =

(
1

D
− 1

)
× 100 (S5)

Where:169

• ∆λ is the percentage of deformation in the apparent wavelength,170

• D = 1− c
vv

is the Doppler Factor.171

For the eIMPACT OceT phase, the eddy drift (c) and vessel speed (vv) were:172

c = 0.051± 0.012 m s−1, vv = 0.454± 0.167 m s−1

This yields:173

D = 1− c

vv
= 1− 0.051

0.454
≈ 0.888

Thus, the expected distortion is:174

∆λ =

(
1

0.888
− 1

)
× 100 ≈ 12.6%

We can also estimate the uncertainty in D given by:175

σD =

∣∣∣∣∂D∂c
∣∣∣∣σc +

∣∣∣∣∂D∂vv
∣∣∣∣σvv =

∣∣∣∣− 1

vv

∣∣∣∣σc +

∣∣∣∣ cv2v
∣∣∣∣σvv (S6)

Then, inserting the numerical values:176

σD =

(
1

0.454
· 0.012

)
+

(
0.051

(0.454)2
· 0.167

)
≈ 0.026 + 0.023 = 0.049
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To estimate the propagated uncertainty in ∆λ, we use:177

σ∆λ
=

∣∣∣∣ d

dD

(
1

D
− 1

)
× 100

∣∣∣∣ · σD =

(
100

D2

)
· σD (S7)

Yielding:178

σ∆λ
=

(
100

0.8882

)
· 0.049 ≈ 126.8 · 0.049 ≈ 6.2%

So, the sampling strategy during the eIMPACT OceT phase likely induced a spatial179

distortion of:180

∆λ = 12.6± 6.2%

Representing a non-negligible elongation of the apparent horizontal structure of the eddy,181

primarily along the sampling direction.182

S1.4.2 SeaSoar Transects T3 and T4: Opposing Sampling Directions183

Transects T3 and T4 from the eIMPACT SeaSoar phase were conducted on con-184

secutive days, representing contrasting sampling configurations: T3 was aligned with185

the eddy’s propagation direction (downstream), while T4 was performed in the opposite186

direction (upstream).187

T3 was carried out on 11 November 2022, from 00:48 to 16:33 UTC, lasting ap-188

proximately 15.8 hours. During this transect, the vessel advanced at a mean speed of189

vv = 4.314 ± 0.092m s−1, in the same direction as the Bentayga eddy, which translated190

at c = 0.041m s−1, moving approximately 2.33 km, which is minimal compared to its191

diameter (∼ 100 km). The Doppler factor was:192

D = 1− c

vv
= 1− 0.041

4.314
≈ 0.9905

and the corresponding percentage of deformation:193

∆λ =

(
1

D
− 1

)
× 100 ≈ 0.96%

To propagate the uncertainty:194

σD =

∣∣∣∣∂D∂vv
∣∣∣∣σvv =

∣∣∣∣ cv2v
∣∣∣∣σvv =

(
0.041

(4.314)2

)
· 0.092 ≈ 0.0002

195

σ∆λ
=

(
100

D2

)
· σD =

(
100

(0.9905)2

)
· 0.0002 ≈ 0.02%

Thus:196

∆λ = 0.96± 0.02%

T4 was conducted from 18:38 UTC on 11 November to 10:30 UTC on 12 November,197

with a duration of 15.9 hours. In this case, the vessel moved against the eddy’s prop-198

agation direction at vv = 4.293 ± 0.128m s−1, while the Bentayga eddy translated at199

c = 0.051m s−1, displacing approximately 2.92 km during the transect. The resulting200

Doppler factor was:201

D = 1− c

−vv
= 1 +

c

vv
= 1 +

0.051

4.293
≈ 1.0119
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leading to:202

∆λ =

(
1

D
− 1

)
× 100 ≈ −1.18%

Uncertainty:203

σD =

(
0.051

(4.293)2

)
· 0.128 ≈ 0.0004

204

σ∆λ
=

(
100

D2

)
· σD =

(
100

(1.0119)2

)
· 0.0004 ≈ 0.039%

Thus:205

∆λ = −1.18± 0.04%

Although T3 and T4 were performed with opposite orientations, both exhibit very small206

Doppler-induced deformation—less than 1.2%—with minor uncertainty. These results207

confirm that the SeaSoar transects can be considered quasi-synoptic, introducing negli-208

gible spatial distortion in the observed eddy structure.209

S1.4.3 ZT: Counter-Propagation Sampling210

The Zonal Transect (ZT) of the eIMPACT ortho-transects phase was carried out on211

14 November 2022, from 01:15 to 08:15 UTC, lasting approximately 7.0 hours. During212

this time, the vessel advanced nearly zonally in the opposite direction to the eddy’s213

translation (i.e., upstream), at an average speed of vv = 4.604 ± 0.223m s−1, while the214

Bentayga eddy translated westward at c = 0.070m s−1.215

Over the duration of the transect, the eddy displaced a horizontal distance of approx-216

imately 1.77 km. This displacement is relatively small compared to the transect length217

(116.07 km) and the horizontal scale of the eddy itself, indicating limited structural ad-218

vection during the sampling.219

The Doppler factor for this transect is:220

D = 1− c

vv
= 1− 0.070

4.604
≈ 0.9848

The percentage of deformation in the apparent wavelength is then:221

∆λ =

(
1

D
− 1

)
× 100 ≈

(
1

0.9848
− 1

)
× 100 ≈ 1.54%

The uncertainty in D is computed using first-order error propagation:222

σD =

∣∣∣∣− 1

vv

∣∣∣∣σc +

∣∣∣∣ cv2v
∣∣∣∣σvv =

1

4.604
· 0.000 + 0.070

(4.604)2
· 0.223 ≈ 0.00073

Then, the uncertainty in the percentage deformation becomes:223

σ∆λ
=

(
100

D2

)
· σD ≈ 100

(0.9848)2
· 0.00073 ≈ 0.075%

Thus, the expected distortion due to asynoptic sampling during ZT is:224

∆λ = 1.54± 0.08%

This result confirms a negligible Doppler-induced deformation in the observed eddy struc-225

ture. The short duration of the transect and the minimal displacement of the eddy—less226

than 2% of the transect length—further support the reliability of this section for analyzing227

the radial distribution of the eddy’s azimuthal velocities.228
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S1.4.4 MT: Cross-Propagation Sampling229

Despite the theoretical sensitivity of cross-stream transects to asynoptic distortion, it is230

important to contextualize the impact in our specific case along MT. The eddy’s trans-231

lational velocity was relatively small, with c = 0.0704m s−1, while the R/V moved at232

an average speed of vv ≈ 4.66m s−1. The full cross-eddy transect (MT) lasted approx-233

imately 7.3 hours, during which the eddy displaced by only about 1.8 km. Given the234

eddy’s horizontal scale—exceeding 100 km in diameter—this displacement is minor and235

unlikely to produce a significant distortion in the inferred structure.236

Moreover, while the rotational motion of fluid parcels could also contribute to internal237

distortion, results from the main manuscript show that the azimuthal velocities in the238

inner core (within a radius of ∼ 25 km) result in rotation periods of approximately 4239

days. Since this rotational timescale is significantly longer than the duration of the MT240

transect, the relative motion of water parcels during the sampling window is minimal.241

Additionally, this rotational period increases with radius, further reducing the likelihood242

of substantial deformation at larger distances from the eddy center.243

Therefore, although the theoretical framework suggests a strong potential for Doppler-244

like distortion in cross-stream transects, both the slow drift of the eddy and the relatively245

slow internal rotation imply that, in our case, the effect is likely to be small. This246

supports the validity of using MT to compare the radial structure of azimuthal velocities,247

as theoretical considerations suggest that asynoptic distortions should be limited in this248

case.249

Table S1: Summary of Doppler distortion analysis for the different sampling phases.
For each transect, we show the direction of sampling relative to the eddy’s propagation,
average vessel speed (vv), mean eddy translation speed (c), total duration (∆t), eddy
displacement during sampling (∆x), Doppler Factor (D), and the estimated deformation
in observed wavelength (∆λ).

Transect Direction vv [m/s] c [m/s] ∆t ∆x [km] D ∆λ [%]

OceT Downstream 0.454 0.051 9.0 d 40.0 0.888± 0.049 12.6± 6.2

T3 Downstream 4.314 0.041 15.8 h 2.33 0.990± 0.002 1.0± 0.2

T4 Upstream 4.293 0.051 15.9 h 2.92 1.012± 0.003 −1.2± 0.3

ZT Upstream 4.604 0.070 7.0 h 1.77 1.015± 0.005 −1.5± 0.5

MT Orthogonal 4.662 0.070 7.3 h 1.84 — —

To summarize the results presented throughout this section, Table S1 compiles the key250

parameters used in the Doppler distortion analysis for each sampling transect. The table251

includes the direction of sampling relative to the eddy’s propagation, the average vessel252

and eddy speeds, total sampling duration, the eddy’s displacement during each transect,253

and the corresponding Doppler factor and wavelength deformation. This synthesis allows254

for a direct comparison of the magnitude of Doppler-like effects across phases. Notably,255

the strongest deformation is associated with the eIMPACT OceT phase, where the eddy’s256

slow but sustained displacement over nine days likely contributed to a non-negligible spa-257

tial bias. In contrast, transects T3, T4, and ZT exhibit minimal deformation, reinforcing258

their value as quasi-synoptic references. Although Doppler metrics were not formally259

computed for MT due to its orthogonal orientation, our earlier discussion supports its260
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reliability as a reference transect given the minimal eddy movement and slow internal261

rotation during its sampling.262
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S2: Idealized eddy reconstruction from263

quasi-synoptic sections264

S2.1 Raw hydrographic structure along T3 and T4265

The SeaSoar transects T3 and T4 were conducted during the eIMPACT2 survey between266

11 and 12 November 2022. Both sections crossed the Bentayga eddy along near-parallel267

paths, slightly offset from its geometric center—T3 sampling the southern region and268

T4 the northern. The undulating SeaSoar platform profiled the upper ocean (30–320269

m depth) with a vertical resolution of approximately 2 m and a horizontal resolution of270

1.5 km.271

Figure S4: Vertical sections of (a,d) potential density anomaly (σθ), (b,e) conservative
temperature (Θ), and (c,f) absolute salinity (SA) for transects T4 (top row) and T3
(bottom row). The distance axis is defined along the transect track, with pressure as
the vertical coordinate. Data were collected using the SeaSoar platform during the eIM-
PACT2 survey.

Figure S4 presents vertical sections of potential density anomaly (σθ), conservative272

temperature (Θ), and absolute salinity (SA) along T4 (upper panels) and T3 (lower273

panels). These profiles reveal the internal hydrographic structure of the eddy and provide274

a reference for evaluating its spatial symmetry and vertical stratification. These quasi-275

synoptic observations are central to the ongoing effort to assess the potential spatial276

distortion introduced by the non-synoptic sampling performed during the OceT phase.277

In particular, they are being used to construct an idealized radial representation of278

the eddy, which serves as a baseline for comparison against the potentially deformed279

patterns observed in OceT. This reconstruction is being approached by interpolating280

the hydrographic properties from T3 and T4 onto a common radial coordinate system281

centered on the estimated eddy core. Each data point is assigned a radial distance from282

this center, enabling the aggregation of values into a smoothed, azimuthally symmetric283

structure. The resulting fields aim to represent a reference eddy minimally affected by284
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Doppler-like distortion, against which the features observed in OceT can be contrasted.285

This process is intended to help disentangle genuine physical asymmetries from sampling-286

induced artifacts and to clarify whether features such as elongation or displaced cores are287

intrinsic or methodological in origin.288

S2.2 Reconstruction289

To construct a synoptically consistent, azimuthally averaged representation of the Ben-290

tayga eddy, we developed an objective mapping framework that merges the quasi-parallel291

hydrographic sections T3 and T4. Although neither transect intersected the eddy centroid292

precisely, both exhibited coherent thermohaline anomalies consistent with a symmetric293

intrathermocline vortex. This approach, grounded in the assumption of radial symmetry,294

provides a reference eddy structure that is minimally affected by sampling artifacts.295

First, the eddy center in each transect was identified as the location where the ver-296

tical distance between the 26.2 and 26.5 kg m−3 isopycnals reached a maximum. These297

isopycnals delineate the upper and lower boundaries of the quasi-homogeneous intrather-298

mocline core of the Bentayga eddy. The spatial offset between the inferred eddy centers299

in T3 and T4 was decomposed into components parallel and perpendicular to the mean300

transect orientation. Using a right-triangle approximation and accounting for the local301

radius of curvature, we projected the T4 transect horizontally onto the axis of T3, thereby302

aligning the inferred eddy cores in geographic space. All coordinate transformations were303

performed in spherical geometry, with distances in kilometers converted to degrees of304

latitude and longitude using the WGS84 ellipsoid.305

Once aligned, the transects were rotated to a common orientation (mean angle θ̄ =306

67.1◦) and interpolated onto a reference grid centered at the eddy core as inferred from307

T3. An anisotropic Gaussian covariance model was then used to perform objective inter-308

polation of each hydrographic variable. The covariance function was defined as:309

C(x, y) = εδ(x, y) + (1− ε) exp

[
−
(
x2

L2
x

+
y2

L2
y

)]
, (S8)

where x and y are rotated distances along and across the transect, Lx and Ly are the310

horizontal decorrelation scales (here both set to 33 km), ε is the relative measurement311

error variance (5%), and δ(x, y) is the Dirac delta function. The values of Lx and Ly were312

estimated empirically as the integral length scale, calculated from the area under the313

spatial cross-correlation function of σθ anomalies between the two transects at 115 dbar,314

a depth near the eddy’s maximum azimuthal velocity.315

The objectively mapped fields were projected onto a radial transect intersecting the316

eddy center, resulting in an idealized cross-section that preserves the dominant hydro-317

graphic gradients while mitigating distortions introduced by the angular separation and318

temporal lag of the original observational transects. This representation—referred to319

as the asymmetric idealized eddy—reveals a clear radial asymmetry, particularly in the320

shape and extent of the core structure (Figure S5a-c). To further examine this asym-321

metry, a symmetric counterpart was constructed by computing the radial mean of the322

hydrographic properties and reflecting the structure about the eddy centerline, effectively323

generating a mirror image with a vertical nodal axis (Figure S5d-f). This symmetric ver-324

sion serves as a baseline for evaluating the spatial distortions present in the original eddy325

geometry.326
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Figure S5: Vertical sections of (a,d) potential density anomaly (σθ), (b,e) conservative
temperature (Θ), and (c,f) absolute salinity (SA) for the smoothed asymmetric (top row)
and symmetric idealized eddy (bottom row). The distance axis is defined as a radial
distance from its center, with pressure as the vertical coordinate.

S2.3 Eddy Asymmetry327

Figure S6 illustrates the asymmetry of the Bentayga eddy through the radial distribution328

of its upper and lower boundaries, represented by the depths of the 25.2 and 25.5 kgm−3
329

isopycnals, respectively. A comparison between the asymmetric and symmetric eddy330

structures reveals that both isopycnals reach greater depths on the western flank of the331

asymmetric eddy (negative radial distances), beginning around 40 km and 25 km from the332

eddy center for the upper and lower isopycnals, respectively. Conversely, on the eastern333

flank, the isopycnals tend to lie slightly shallower than in the symmetric counterpart,334

with the deviation starting at radial distances comparable to those on the western side335

(Figure S6a). This pattern underscores a pronounced west–east asymmetry and a vertical336

imbalance between the upper and lower halves of the Bentayga eddy.337

Figure S6b quantifies this vertical displacement by showing the depth difference be-338

tween the two eddy configurations for each isopycnal. Positive values indicate that the339

isopycnal in the asymmetric eddy lies deeper than in the symmetric counterpart, while340

negative values denote a shallower position. The 25.2 kgm−3 isopycnal exhibits deviation341

amplitudes ranging from 3 to 7 m within radial distances of approximately ±80 km from342

the eddy center. Within the core region (±40 km), these deviations are notably larger343

than those observed in the 25.5 kgm−3 isopycnal, which remain within ≤3 m. However,344

beyond 40 km, the 25.5 kgm−3 isopycnal shows increased deviations, reaching amplitudes345

of 5–8 m near 80 km. This pattern suggests a subtle tilting of the eddy’s upper structure,346

while the lower layers remain more vertically aligned, exhibiting a higher degree of sym-347

metry around ±25 km from the eddy center. Overall, these results highlight a distinct348

vertical asymmetry concentrated in the upper portion of the eddy core, likely resulting349

from lateral stirring or uneven hydrographic preconditioning during the eddy’s formation.350
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Figure S6: (a) Radial distribution of the depth of the 25.2 and 25.5 kgm−3 isopycnals for
the asymmetric (blue) and symmetric (red) eddy representations. (b) Depth difference
between the two eddy structures, calculated as asymmetric minus symmetric. Positive
(negative) values indicate a deeper (shallower) isopycnal in the asymmetric eddy.

Figure S7: Panels (a)–(c) and (d)–(f) show the spatial extent of the 36.9 and 36.85
g kg−1 isohalines, respectively, which characterize the core of the Bentayga eddy. The
left and middle columns display the asymmetric and symmetric idealized versions of the
eddy, respectively. The right column presents the signed difference (asymmetric minus
symmetric), where red and blue colors indicate regions of expansion and contraction,
respectively.

Figure S7 characterizes the morphological asymmetry of the Bentayga eddy based351

on the horizontal extent of its core, as delineated by the 36.9 and 36.85 g kg−1 iso-352

halines. These surfaces capture the salinity envelope associated with the eddy’s quasi-353

homogeneous core. The structure defined by the 36.9 g kg−1 isohaline (Figure S7a–c)354

reveals a prominent west–east asymmetry, with the eddy’s western flank extending ra-355
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dially farther than its eastern counterpart. This broader spatial footprint near the core356

coincides with a flattened outer rim that transitions into a vertically elongated center. A357

distinctive salinity-rich feature extends from the eddy’s northwestern quadrant, suggest-358

ing the presence of a tongue-like intrusion that may reflect isopycnal water mass exchange359

or the partial entrainment of an external remnant filament. In contrast, the eastern flank360

appears more compact in its radial extent, although vertically it remains comparable.361

The asymmetry becomes even more evident in the upper layers of the eddy when362

examined through the 36.85 g kg−1 isohaline (Figure S7d–f), which outlines a slightly363

smaller region than the 36.9 g kg−1 isohaline. Notably, this shallower salinity surface re-364

veals greater structural deviations above 100 m depth. The upper boundary of the eddy365

exhibits a clear tilt, whereas the lower boundary remains relatively symmetric. Consis-366

tent with the pattern depicted by the bounding isopycnals, these findings suggest that367

deviations from radial symmetry are most pronounced near the eddy’s upper boundary,368

where interactions with surrounding waters and surface forcing are more dynamically369

active. The 36.9 g kg−1 isohaline, in contrast, seems to capture the interface between the370

eddy core and its surrounding rim, functioning as a transition layer between well-mixed371

interior waters and ambient hydrography.372

To quantify these morphological deviations, we computed the net areal difference be-373

tween the regions enclosed by the 36.85 g kg−1 isohaline in the asymmetric and symmetric374

eddy representations. The total discrepancy was modest, yielding a net difference of just375

0.21% relative to the symmetric structure’s area. However, a directional breakdown of376

these deviations revealed that the asymmetric eddy enclosed a 3.91% smaller area in cer-377

tain regions, indicating local contraction, and a 4.11% larger area in others, indicating378

localized expansion. These near-compensating values underscore that while the eddy’s379

total volume remains nearly conserved, its internal structure is reorganized in a markedly380

asymmetric fashion—extending farther westward while being slightly compressed on the381

eastern flank.382
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S3: Radial zonation based on hydrographic and383

velocity structure384

In search of a robust criterion to delineate the radial extent influenced by the hydrographic385

and dynamical properties of the Bentayga eddy, we present an adapted methodology386

based on the analysis of Bosse et al. [2018, 2019].387

S3.1 Hydrographic constraints across the Bentayga eddy core388

Figure S8 displays the radial distribution of hydrographic properties between 85 and389

165 m depth, relative to the eddy center. This depth interval corresponds to the vertical390

range where the eddy core is best defined in terms of quasi-homogeneous hydrography391

(σ0 = 25.3±0.05 kgm−3, Θ = 22.5±0.2 ◦C, and SA = 36.83±0.01 g kg−1), as previously392

identified in the vertical sections. The objective of this analysis is to evaluate the radial393

gradients of three key variables—σ0, Θ, and SA—to determine a physically grounded zona-394

tion of the Bentayga eddy. Each panel in Figure S8 contrasts three representations: the395

full set of individual observations (from both the eIMPACT SeaSoar and OceT phases),396

the bin-averaged radial profiles, and the radial structures extracted from the idealized397

eddy transects (both asymmetric and symmetric configurations at 115 m depth).398

Figure S8: Radial distribution of hydrographic properties between 85 and 165 m depth
relative to the center of the Bentayga eddy. Panels show: (a) potential density anomaly
(σ0), (b) conservative temperature (Θ), and (c) absolute salinity (SA). Light gray points
correspond to data collected during the eIMPACT SeaSoar phase, and dark gray points
represent profiles obtained during the OceT phase. White circles with magenta edges
denote 5-km radial means computed from the combined SeaSoar and OceT datasets;
error bars indicate ±1 standard deviation and are shown only when more than 100 data
points were available within a given bin. The dashed blue and solid red lines represent the
radial structure at 115 m depth extracted from the asymmetric and symmetric idealized
eddy transects, respectively.

All three variables exhibit coherent radial gradients consistent with a canonical core,399

ring, and background eddy structure. For σ0 (Figure S8a), a pronounced bowl-shaped400
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anomaly is centered around 0 km, with a minimum near 25.3 kgm−3. Density increases401

steeply starting at 40-50 km from the eddy center, approaching background values beyond402

approximately 80 km. Conservative temperature (Θ; Figure S8b) and absolute salinity403

(SA; Figure S8c) display inverse patterns relative to density, characterized by elevated404

temperatures and reduced salinities at the eddy center. Both variables transition toward405

ambient values with increasing radial distance, although their gradients differ: temper-406

ature exhibits a broader transition zone (from approximately 40 to 80 km away from407

the eddy center), while salinity presents a sharper core–ring contrast. These differences408

underscore the role of salinity as the dominant contributor to the eddy core structure at409

this depth range.410

The bin-averaged profiles (white circles with magenta edges) effectively suppress small-411

scale noise and enhance the mesoscale signal of the eddy’s hydrographic structure. These412

profiles qualitatively match the asymmetric idealized eddy (dashed blue lines), particu-413

larly within the inner 40 km for SA and across the radial range outside ± 40 km for both414

σ0 and Θ. In contrast, the symmetric eddy profiles (solid red lines) replicate the gen-415

eral radial architecture but fail to capture observed asymmetries and sharper gradients,416

most notably in salinity (beyond 50 km). Among the three variables, SA provides the417

most consistent depiction of the eddy core, exhibiting minimal internal variability and418

strong agreement among observed, binned, and idealized profiles. While σ0 delineates419

the broader core–ring transition, salinity most clearly defines the extent and sharpness of420

the core–background interface. Temperature, though coherent, exhibits as σ0 a broader421

transition and greater variability beyond the core.422

To define radial zones within the Bentayga eddy, we examine the variability of SA,423

which displays the most compact and radially homogeneous core structure among the424

three hydrographic variables. Within a radial distance of approximately ±23 km from425

the eddy center, SA shows minimal internal variability (mean salinity 36.82±0.007 g kg−1),426

with strong consistency across both observational and idealized profiles (mean deviations427

of ∼0.003 g kg−1). This region is thus identified as the well-mixed eddy core. Between428

23 and 40 km, the salinity distribution displays increasing dispersion (0.02–0.05 g kg−1),429

corresponding to a transition/rim zone, defining the surrounding ring. Beyond 40 km,430

variability intensifies (0.03–0.13 g kg−1), and radial gradients weaken (±0.003 g kg−1),431

indicating the transition into the ambient background environment.432

S3.2 Kinematic zonation and dynamical behavior of eddy433

We also analyzed the radial distribution of observed azimuthal velocities (vθ) within434

the 80–160 m depth range, which corresponds to the core layer of the Bentayga eddy435

(Figure S9a). As anticipated, the velocity profiles exhibit a degree of radial asymmetry;436

however, they remain remarkably consistent across the different observational phases.437

This asymmetry becomes more evident beyond the radius of the well-mixed core (|r| >438

Rc = 23 km), within which the profiles display a near-linear increase in vθ consistent with439

solid-body rotation. Outside this core region, azimuthal velocities continue to increase,440

albeit more gradually, reaching their maximum at approximately 35–40 km from the eddy441

center. Beyond this point, vθ progressively decreases, following a pattern similar to the442

decay observed in Gaussian-like vortex structures. This radial behavior suggests that the443

eddy’s dynamical profile transitions from a Rankine-type structure near the core to a444

more Gaussian-like distribution in the surrounding ring.445
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Figure S9: a) Radial distribution of azimuthal velocity (vθ) between 80 and 160 m depth,
relative to the center of the Bentayga eddy. Gray markers represent individual mea-
surements from different survey phases: SeaSoar (T3 and T4; dark gray diamonds),
Orthotransects (ZT and MT; light gray circles), and OceT (dark gray open squares).
The binned mean profile is shown as red-filled black squares, calculated over 5-km radial
intervals; vertical bars indicate ±1 standard deviation. Blue-circled markers highlight
bins with fewer than 10 observations. Model-derived velocity profiles are overlaid: Rank-
ine vortex (magenta), Gaussian vortex (blue), and the hybrid smoothed transition (black
dashed). b) Normalized relative vorticity (ζ/f , squares and solid lines) and strain rate
(η/f , triangles and dashed lines) as a function of normalized radial distance. Sym-
bols denote observed values, and curves follow the same color scheme as in panel a).
The green-shaded region in both panels marks the extent of the well-mixed eddy core
(|r| ≤ Rc = 23 km).

To further explore this hypothesis, Figure S9a also presents the theoretical azimuthal446

velocity profiles corresponding to two classical vortex models across the studied radial447

domain. For the Rankine vortex, the azimuthal velocity (vθ
R(r)) was computed using448

the observed Rc as the transition radius between the solid-body rotation and the outer449

hyperbolic decay, with a peak velocity vmax = 40± 8 cm s−1, estimated from the average450

value of vθ at Rc (see red squares in Figure S9a):451

vθ
R(r) =

vmax
r

Rc

, for r ≤ Rc

vmax
Rc

r
, for r > Rc

(S9)

The Gaussian-like vortex profile (vθ
G(r)) was derived through a least-squares fitting of452

the form:453

vθ
G(r) = vmax

r

Rm

exp

[
1

2

(
1−

(
r

Rm

)2
)]

(S10)

with vmax = 46 cm s−1 and a maximum velocity radius of Rm = 41 km. Both theoretical454

curves show reasonable agreement with the observations over the respective radial ranges,455

supporting the notion of a mixed dynamical regime within the eddy. The transition456
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between the two regimes appears to occur between approximately Rc and 1.6Rc. To model457

this transition, a hybrid formulation (vθ
HS(r)) was introduced by smoothly combining458

the Rankine and Gaussian profiles using a logistic weighting function w(r):459

w(r) =
1

1 + exp [−k(r −Rc)]
(S11)

vθ
HS(r) = (1− w(r)) · vθR(r) + w(r) · vθG(r) (S12)

where k = 0.2 defines the steepness of the transition. This hybrid model preserves the460

solid-body rotation characteristic of the well-mixed eddy core (|r| ≤ Rc), while gradually461

transitioning to the Gaussian-like increase and decay observed in the surrounding ring462

(Rc ≤ |r| ≤ 3Rc ≈ 70 km). This formulation captures the average dynamical structure463

of the Bentayga eddy, including its peripheral variability, while providing a consistent464

analytical approximation.465

We also analyzed the radial structure of relative vorticity (ζ) and strain ratio (η), com-466

puted from the azimuthal velocity field vθ(r). Assuming axisymmetry and positive radial467

distance (r), the quantities were evaluated using their polar coordinate formulations:468

ζ(r) =
1

r
· d

dr
[r · vθ(r)] (S13)

η(r) =
dvθ
dr

− vθ
r

(S14)

Here, ζ represents the flow’s rotational component, while η characterizes the azimuthal469

shear deformation. Numerical derivatives were computed over uniformly spaced radial470

bins, and both quantities were normalized by the local Coriolis parameter (f) to enable471

dynamical interpretation.472

Figure S9b displays the resulting normalized profiles of ζ/f and η/f , derived from473

observations along with the corresponding theoretical curves from the Rankine, Gaussian,474

and hybrid vortex models. In general, the observed vorticity profile aligns well with the475

theoretical expectations, especially within the surrounding ring region (Rc ≤ |r| ≤ 3Rc).476

Inside the well-mixed eddy core (|r| ≤ Rc), the observed ζ/f remains approximately con-477

stant—consistent with solid-body rotation—but exhibits a modest increase toward the478

eddy center. This deviation likely reflects enhanced sensitivity to noise near r = 0, limited479

spatial resolution, and slight nonlinearity in the observed velocity field. In contrast, the480

observed strain ratio profile displays more irregular behavior and deviates significantly481

from the theoretical predictions. While the hybrid model captures the expected radial482

decay of η/f , the observed values exhibit high variability and reduced amplitude. These483

discrepancies may stem from a combination of observational noise, radial asymmetries,484

and the simplifications inherent in the derivation of Eq. S14, which assumes perfectly485

circular flow. Internal deformation processes such as filamentation or submesoscale in-486

stabilities could also introduce local strain anomalies not captured by the idealized vortex487

models [Brannigan et al., 2017; Thomas et al., 2013]. Despite these limitations, the hybrid488

model serves as a useful first-order approximation that captures the dominant rotational489

and shear features of the Bentayga eddy.490

From this combined hydrographic–kinematic perspective, the Bentayga eddy exhibits491

a radially stratified structure that broadly aligns with classical vortex theory, while reveal-492

ing key observational refinements. The innermost region, extending up to Rc ≈ 23 km,493

defines a quasi-homogeneous core where the variance of SA is minimal and azimuthal494

velocity increases linearly with radius—hallmarks of a Rankine-type solid-body rotation495
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regime. This layer appears dynamically stable and internally coherent across independent496

observational phases, supporting its interpretation as the well-mixed eddy core. Between497

Rc and Re = 3Rc ≈ 70 km, we identify a surrounding ring characterized by intensified ra-498

dial salinity gradients and a Gaussian-like azimuthal velocity distribution that peaks near499

Rm ∼ 41 km. This region marks a dynamical transition, with decreasing relative vortic-500

ity and increasing strain rate—indicative of enhanced deformation and incipient coupling501

with ambient waters. The coherence between the hybrid vortex model and observed ve-502

locity profiles across this band supports the use of Re as the outer limit of the eddy’s503

dynamical influence. Beyond Re, velocity amplitudes and hydrographic gradients decline504

substantially, and the signal of the eddy structure becomes indistinguishable from the505

background environment. These empirically constrained radial zones—core, surrounding506

ring, and background—provide a physically grounded framework for subsequent integra-507

tions of eddy properties, including energy content, thermohaline anomalies, and lateral508

transport estimates.509
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S4: Sensitivity of integrated budgets to domain510

boundaries511

Quantifying the energy content and hydrographic anomalies of mesoscale eddies requires512

a physically consistent definition of the integration domain. For the Bentayga eddy, radial513

boundaries are defined based on the coherence of hydrographic properties and azimuthal514

velocity profiles, delineating a well-mixed core (|r| ≤ Rc) and a broader surrounding515

ring (Rc < |r| ≤ Re). Vertical boundaries are more challenging to set and may depend516

on criteria such as the persistence of anomalies, isopycnal displacements, nonlinearity517

conditions (U/c > 1), or data availability. We evaluate kinetic energy (KE), available518

potential energy (APE), and integrated available heat (AHA) and salt (ASA) anomalies.519

All estimates are derived using empirically defined spatial limits, comparing observational520

(OceT) and idealized (symmetric and asymmetric) eddy representations. Radial integra-521

tion limits (Rupper) span 20–75 km (1 km increments), while vertical integration domains522

vary according to data availability: KE is evaluated from −550 to −40 m (VMADCP523

range), and APE, AHA, and ASA are integrated between −337 and −14 m, matching524

the idealized eddy data range.525

Figure S10: Sensitivity of Available Potential Energy (APE) estimates to variations in the
radial integration limit (Rupper). APE was calculated using the observationally derived
OceT view (blue), the idealized symmetric eddy (yellow), and the idealized asymmetric
eddy (red). All estimates were integrated over a fixed vertical domain spanning from
-337 m to -14 m. Dashed vertical lines indicate reference radial limits associated with key
structural radii: the edge of the well-mixed core (Rc = 23 km), the radius of maximum
azimuthal velocity (Rm ≈ 41 km), and the outer boundary of the surrounding ring
(Re = 70 km).

APE is first analyzed with respect to radial integration. As shown in the Figure S10,526

APE estimates from the OceT section align well with those from idealized eddies within527

the eddy core (Rupper ≤ 23 km, ∼6.5% difference). Discrepancies increase outward, ex-528

ceeding 40% at Rupper = 70km, due to structural variability and observational distortion.529

Figure S11 complements this by analyzing vertical integration sensitivity. Limiting in-530
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tegration to −337 m results in underestimations of 20–22%, most pronounced beyond531

R = 41 km.532

Figure S11: Sensitivity of APE estimates to vertical integration limits using the OceT
dataset. Left: APE as a function of the lower integration boundary (Hmin) for four radial
domains: Rupper = 23 km (blue), 41 km (red), 65 km (orange), and 70 km (violet).
Circle and triangle markers denote values computed from the idealized asymmetric and
symmetric eddy sections, respectively. Dashed lines mark vertical limits of −337 m and
−550 m used in prior estimates. Right: APE ratios normalized by the value obtained
with Hmin = −550 m.

Figure S12: Same as Figure S10 but for the integrated kinetic energy (KE) of the Bentayga
eddy. In this case the vertical integration range is fixed from the surface down to z =
−550 m.

Figure S12 shows radial sensitivity of KE. KE increases with Rupper, with good agree-533

ment (< 10%) across all representations within 30 km. Beyond this, OceT values diverge534
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due to the high sensitivity of KE to asymmetric and localized velocity enhancements, and535

temporal-spatial distortions in the OceT section. Idealized eddies assume axisymmetry,536

underestimating outer ring KE. Vertical sensitivity (Figure S13) shows KE underestima-537

tions of 6.4–10.4% when truncating at −337 m. Most KE is concentrated in the upper538

350 m, highlighting robustness to moderate vertical integration changes.539

Figure S13: Same as Figure S11 but for integrated kinetic energy (KE) estimates.

Figure S14: Same as Figure S10 but for integrated available heat anomalies (AHA, left)
and salt anomalies (ASA, right).

Volume-integrated AHA and ASA exhibit similar radial sensitivity patterns to APE540

(Figure S14). For Rupper ≤ 30km, differences between OceT and idealized sections are541

< 3%, increasing to 25–26% at 70km. Vertical sensitivity analysis (Figure S15) indicates542

underestimations of 20–21% for AHA and up to 28.9% for ASA when using a −337m543

lower limit. AHA and ASA decline beyond ∼650–700m due to the presence of cooler,544

fresher diluted Antarctic Intermediate Water, which offsets the eddy anomalies.545
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Figure S15: Same as Figure S11 but for Available Heat Anomaly (AHA; top panels)
and Available Salt Anomaly (ASA; bottom panels). All estimates are based on the OceT
dataset and use fixed upper radial limits of 23 km (blue), 41 km (red), and 70 km (yellow).

All metrics show consistent behavior: strong agreement across representations in the546

eddy core, increasing divergence in the outer ring. Differences stem from observational547

distortions, structural variability, and assumptions in idealized models. KE is less sensi-548

tive to vertical extent due to its confinement to shallower layers, while scalar anomalies549

like ASA are more susceptible to deep water variability. These findings support integrat-550

ing within physically justified domains: the core (Rc) for compact energetics, or the full551

radius (Re) for broader eddy influence.552
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S5: Justification for core-limited integration using553

OceT554

While the OceT section presents clear challenges in terms of synopticity, particularly due555

to its extended sampling duration and alignment with the eddy’s translation, it offers the556

most complete vertical resolution among all available datasets. This attribute is essential557

for evaluating integrated energetic and scalar anomaly metrics (KE, APE, ASA, AHA),558

whose vertical sensitivity is non-negligible, as demonstrated in the Section S4.559

To mitigate the radial distortion effects documented in Section S1, all integrations560

using OceT data are explicitly limited to the inner core domain (|r| ≤ Rc), defined in561

Section S3 based on hydrographic consistency and low salinity variance. Within this do-562

main, Doppler-induced deformation impact is constrained below 7%, and velocity profiles563

remain internally coherent across all quasi-synoptic transects, including those sampled564

along OceT.565

This compromise leverages the superior vertical coverage of OceT while minimizing566

spatial bias by restricting the integration area to a dynamically consistent and geometri-567

cally stable core. The resulting energy and anomaly estimates are therefore interpreted568

as conservative lower-bound values for the full eddy, with minimal structural contamina-569

tion. This strategy ensures comparability between observational and idealized estimates,570

as both use the same domain, and provides a defensible basis for interpreting energy571

budgets without overextending the spatial assumptions implicit in the OceT dataset.572
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S6: Concluding remarks on methodological573

robustness574

The results presented in this supplementary study provide the technical context and575

quantitative support for the methodological framework adopted in the main manuscript.576

Specifically, they address the potential structural distortion introduced by the non-577

synoptic nature of the OceT sampling configuration, quantify its impact through a578

Doppler-based analysis, and compare these outcomes with quasi-synoptic references ob-579

tained from the SeaSoar and orthogonal transects. The estimated deformation along the580

sampling axis—approximately 12.6% ± 6.2%—highlights the need to interpret OceT-581

derived gradients and integrated quantities with appropriate caution.582

The construction of an azimuthally averaged, idealized eddy structure based on T3583

and T4 transects offers a useful benchmark to assess the spatial consistency of hydro-584

graphic and kinematic patterns observed in OceT. Despite the expected limitations, key585

structural features—such as the well-mixed core (|r| ≤ Rc)—demonstrate a high degree586

of reproducibility across independent datasets, supporting their validity for domain defi-587

nitions in the energy and anomaly budgets.588

Sensitivity analyses confirm that both radial and vertical integration limits influence589

the resulting energy and anomaly estimates. While inner-core metrics remain consistent590

across methods, values computed over extended radii or truncated depth ranges exhibit591

larger discrepancies. These outcomes emphasize the importance of spatial boundary592

definitions when comparing observational and idealized estimates.593

Overall, this supplementary analysis enhances the robustness of the interpretations594

presented in the main article. By explicitly quantifying spatial distortion and exploring595

its effect on derived metrics, it provides a transparent basis for methodological choices596

and supports the general validity of the conclusions reached from the OceT dataset.597
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S7: Supplementary Video – Life cycle of the598

Bentayga eddy599

A video representation of the Bentayga eddy’s life cycle is available at: https://doi.600

org/10.5446/69688 [Valencia and Aguiar-González, 2025].601

This animation, based on the daily altimetric product META3.2exp and the sea level602

anomaly and geostrophic current fields derived from the CMEMS near-real-time altimetry603

product SEALEVEL EUR PHY L4 NRT 008 060, illustrates the evolution of the eddy from604

its generation southwest of Gran Canaria Island in June 2022 to its state during the605

eIMPACT2 survey in November.606

The video highlights the persistent proximity of other mesoscale vortices along the607

eddy’s trajectory, providing qualitative support for the hypothesis of eddy–eddy interac-608

tions within the Canary Eddy Corridor.609
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