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Abstract The three‐dimensional structure of the Tropical Cyclone's baroclinic wake is synthesized as an
averaged baroclinic‐dominant response of the upper ocean. The resulting persisting sea surface depression can
easily be monitored using the present‐day altimeter constellation. Following a semi‐empirical framework, these
baroclinic wake signatures are linked to the inner core TC dynamic and the ocean stratification. To collect these
fine‐scale parameters, spaceborne SAR instruments and Argo fleet are used, to precisely capture the maximum
wind region and the irregularities of the ocean vertical structure. This combination of high‐resolution
information is found paramount to fully capture the modulation of sea surface height anomalies, and its mean
trend, especially for major hurricanes. Baroclinic signatures mostly range around 10–20 cm and peak at 40 cm.
Deeper anomalies correspond to barotropic response, removed from the present analysis.

Plain Language Summary In the wakes of Tropical Cyclones (TCs), sea surface depressions of
about 10 cm appear. These TC signatures are persistent enough to be easily monitored by the current fleet of
altimeter instruments. A measured sea surface height anomaly integrates and reduces the air/sea interactions
during the TC passage into a single observable metric. It mostly encodes the cyclonic wind forcing and the
interior ocean state. A broad constellation of remote sensing and in‐situ instruments has been gathered to
compile 200 cyclonic episodes, collecting a wide range of TC sizes, intensities, and translation speeds together
with oceanic conditions. A synthetic relationship is found to robustly predict most observed sea surface height
anomalies. Moreover, when high‐resolution information is available to estimate the ocean interior state and the
TC radius of maximum winds. Such a diagnostic thus explains the dominant baroclinic ocean response to a TC
passage, and, inversely, can be used to infer ocean stratification or forcing parameters in the absence of high‐
resolution observations.

1. Introduction
Cold wakes are marked distinctive footprints of the air‐sea interactions occurring during the passages of moving
Tropical Cyclones (TCs), with intense near‐inertial waves (NIWs) dispersing through the ocean column (Geis-
ler, 1970; Gill, 1984; Shay & Elsberry, 1987). Strong shear currents at the base of the mixed layer (ML)
(Gill, 1984; E. A. D’Asaro, 1985) can reach 1–3 m.s− 1, penetrate deeply into the thermocline (Firing, 1997), to
erode the initial stratification, leaving quite systematically persisting sea surface anomalies, that is, cooling
(Price, 1981), chlorophyll bloom (I. Lin et al., 2003; Babin et al., 2004; Walker et al., 2014) and salinity rise
(Girishkumar et al., 2014; Reul et al., 2014). At depth, isopycn displacements leave thermocline ridges (Geis-
ler, 1970) that strengthen the injection of subsurface anomalies (Brizuela et al., 2023), leading to measurable sea
level depressions (Geisler, 1970; Ginis & Sutyrin, 1995; Shay et al., 1989). Both barotropic (column‐integrated
current) and baroclinic modes participate to sea surface height anomalies (SSHA), but the latter is largely
dominant for open ocean conditions (Ginis & Sutyrin, 1995).

Sea surface temperature anomalies (SSTA) have extensively been documented (Fisher, 1958; Leipper, 1967;
Price, 1981; Stramma et al., 1986; Park et al., 2011; Vincent et al., 2012; Mei et al., 2015; S. Lin et al., 2017).
More recent, sea surface salinity anomalies (SSSA) are now reported from L‐band micro‐wave satellite sensors
(Reul et al., 2021; Sun et al., 2021) and interior ocean Argo profiles (Reul et al., 2014). Detailing the wake current
system has been performed for specific cases with current profilers (Sanford et al., 1987; Sanford et al., 2011;
Price et al., 1994; E. A. D’Asaro et al., 2007; Black et al., 2007) or moored measurements (Brink, 1989;
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Brooks, 1983; Shay & Elsberry, 1987). Sea surface height anomalies (SSHA) remain somehow overlooked.
Kudryavtsev, Monzikova, Combot, Chapron, Reul, et al. (2019) developed a semi‐empirical framework to relate
the main atmospheric forcing and ocean interior parameters to the TC wake probed by altimeters. Yet, their
reported analysis was restricted to a short number of cases, and used reanalysis products as ancillary information.

Following the multi‐modal strategy of the CBLAST experiment in North Atlantic (Black et al., 2007; Sanford
et al., 2011) or ITOP program in south China Sea (Pun et al., 2011; E. D’Asaro et al., 2011; E. A. D’Asaro
et al., 2014), we built an extensive database, to extend this logic to a global scale (see Figure 1). It mostly relies on
the capabilities of L2/L3 microwave (MW) satellite measurements and the now growing collection of Argo
profilers. Previous studies separately proved the efficiency of the existing networks to infer TC forcing infor-
mation from Synthetic Aperture Radar high‐resolution observations (A. Mouche et al., 2019; Combot, Mouche,
et al., 2020), to the ocean responses with altimeters/radiometers (Kudryavtsev, Monzikova, Combot, Chapron,
Reul, et al., 2019; Reul et al., 2014) and the ocean stratification with Argo (Reul et al., 2014). Section 2 presents
the methodology relative to each instrument of our database. Combined estimates allow both a comprehensive
SSHA analysis and a better monitoring of TC cold wake parameters (Combot, Quilfen, et al., 2020). Section 3
presents results of the semi‐empirical law of baroclinic responses at global scale. Section 4 further analyzes SSHA
signals relative to the estimated forcing terms. Main results are recalled Section 5, highlighting the significant
contribution of highly resolved observations to interpret the upper ocean responses.

2. Methodology
Our approach is based on a novel combination of highly resolved spaceborne and in‐situ observations. This is
central to our multi‐modal strategy to investigate atmospheric forcing, ocean stratification and the associated sea
surface response. Figure 1 shows the overall extent of the database. The analysis is constrained by SAR acqui-
sitions (represented by markers). SAR measurements provides unique information but has a more limited tem-
poral resolution than the other MW observations presented here. Each measurement and the associated extraction
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Figure 1. Global distribution of TCs center positions from SAR acquisitions across tropical basins for 2015–2022 time
period, according to co‐location situation with in‐situ measurements (triangle, when Argo float existing; circle, when ISAS is
used instead), and stratification parameters: (a) the averaged brunt‐Väisälä frequency of the seasonal Thermocline, (b) the
phase speed of the first baroclinic mode. Ocean depth is represented as the background for both panels. The SAR sampling is
indicated for each cyclonic basin, as well as the distribution of TC properties through two embedded graphs.
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method are illustrated in Figure 2, with the specific example of Hurricane Sam, a major hurricane with distinctive
response that occurred in 2021.

2.1. Atmospheric Forcing: SAR and BTK

Cyclonic forcing can be reduced to the combination of three main parameters: the maximumwind speed, Vmax, its
radius of action, Rmax, and the TC translation speed, Vfm (forward motion) which reflects the coupling time (Lloyd
& Vecchi, 2011). Here they are provided by SAR measurements or Best‐track (BTK) analysis.

One of the largest SAR database for TC analysis is constituted of 351 images, acquired between 2015 and 2022 by
C‐band SARs from Sentinel‐1 constellation (two satellite units S1a and S1b Supporting Information S1) operated
by Copernicus/European Space Agency (A. A. Mouche et al., 2017) and from Radarsat‐2 sensor of the Canadian
Space Agency program (Banal et al., 2007). In contrast to other low‐orbit satellite platforms, SAR missions
cannot perform continuous acquisitions and have different exclusive acquisition modes. This implies the
development of specific strategies to monitor TC (A. Mouche et al., 2019). Both missions benefit dual‐
polarization measurements (VV + VH/HH + HV), essential to provide fine‐scale TC inner core wind esti-
mates, with an effective resolution of about 1 km over a wide swath ranging from 250 to 500 km, depending on the
instrument and acquisition mode used (A. A. Mouche et al., 2017). The wind retrieval algorithm combined co‐
and cross‐polarized radar signals (A. A. Mouche et al., 2017; A. Mouche et al., 2019), that was proved to fully
capture both Vmax/Rmax variabilities, compared to concomitant SFMR measurements (Combot, Mouche,
et al., 2020). These inner core parameters are extracted from each SAR scene (Figure 2b) by strictly following the
methodology developed in Combot, Mouche, et al. (2020), with a progressive wind transect decomposition
method (see Supporting Information S1 for further details). For each acquisition, we also derived the maximum
extent of the radius of 17 m.s− 1 (r17), which is a good metric of the overall storm size (in general, radii from r17 to

Figure 2. Illustration of the multimodal analysis of the cold wake of hurricane Sam, with (a) the altimeter coverage along the track (with in color Vmax from BTK) and the
positions of TC center from SAR sampling. The corresponding swaths are shown in panel (b) with the Argo floats collected within the maximum extent of r34 at each
synoptic times. Two illustrative measurements, located at the positions of the orange markers in (a) and (b), are displayed: with (c) the post‐storm SSH measurements
from Cryosat‐2 and the associated estimates of the L4‐CMEMS daily product interpolated along the altimeter track, and the Pre‐ and Post‐storm ocean vertical profiles
of (d) temperature, (e) salinity and (f) density from Argo within Sam cold wake. MLD: mixed layer depth, ITLD: isothermal layer depth, BLD: Barrier layer depth.
SSTA are also shown in (a) and (b) in shaded colors.
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r12, Holland and Merrill (1984); K. T. F. Chan and Chan (2012); K. T. Chan and Chan (2015); J. Zhang
et al. (2019)) and will later be used to define the area for in‐situ data collection.

TC centers extracted from SAR images (markers in Figure 1, crosses in Figure 2a) are then used to gather all other
observations; the space‐time frame is determined from the adjacent positions given by the Best‐track (Figure 2a),
which provides post‐storm analyses of TC vitals and positions at each synoptic time (every 6h, like Vmax in
Figures 2a and 2b), carried out by several official centers across tropical basins (Knapp et al., 2010, 2018). For the
sake of consistency, we only refer to information documented by National Hurricane Center (NHC) for AT and
EP, or by the Joint Typhoon Warning Center (JTWC) for the other basins, both using similar conventions (1‐min
maximum sustained winds) and data assimilation system (Knaff et al., 2021; Sampson & Schrader, 2000). From
best‐track successive positions, the translation speed is estimated, along interpolated size and intensity parameters
at the time of the SAR image, that will be also used as source of comparison.

2.2. Ocean Stratification: Argo and ISAS

At ocean level, vertical stratification further modulates the wake amplitude (Shay, 2009). The bulk of the oceanic
response is contained in the first baroclinic modes (Ginis & Sutyrin, 1995). We focus on the Seasonal Ther-
mocline (STh), where the temperature gradient is the greatest (see Figure 2d), to derive an average Brunt‐Väisälä
frequency(N1) (More details are provided in the Supporting Information S1).

The maximum extent (r17) is used to collect free‐drifting profiling Argo floats associated with each SAR scene
(see Figure 2b), within a temporal window of 15 days prior to the storm. Argo floats document the vertical profile
of temperature and salinity over a depth of 2000 m, within a 10‐day cycle (Freeland et al., 2010), with a great
accuracy (±0.002°C and 2.4 dbar Wong et al. (2020)) after some delayed‐mode adjustments conducted by the
Global Data Assembly Centers (GDACs). With more than 4,000 units (Roemmich et al., 2009, 2019), the Argo
network provides significant coverage of the ocean stratification in tropical basins. Over 70% of the TC cases
considering in this study benefits from Argo (see Figure 1). As for hurricane Sam, the available floats are rep-
resented along the track and meet the collocation criteria for four of the five SAR acquisitions (Figure 2b).

Each vertical profile collected is then broken down into a three‐layer ocean interior, following Kudryavtsev,
Monzikova, Combot, Chapron, Reul, et al. (2019) to isolate the STh. The profile, closest in time and space, is used
to define the stratification prior to the storm passage. The mixed layer depth (MLD) is also evaluated, using the
0.2°C robust criterion (de Boyer Montégut et al., 2004). The MLD along with the STh depth (see Figures 2d and
2f), is used to characterize the phase speed of the first baroclinic mode, c1, to define a Froude number (see
definition in Supporting Information S1), a metric helping to identify the regime of the ocean response. Both c1
and N1 values are displayed in panel a and b of Figure 1, with a stronger variability in the North Pacific basins.

In the absence of in‐situ data (30% of the global data set), the climatological product ISAS‐15 is used to derive N1
(Gaillard et al., 2016).

2.3. Ocean Response: Sea Surface Anomalies

Finally, altimeters and radiometers are used to retrieve respectively TC wake SSH and SST anomalies.

The altimeter constellation has grown from 3/4 instruments at the start of the 2010 decade to 6/8 instruments for
our sample period (2015–2022 (Abdalla et al., 2021),), providing unprecedented coverage of dynamic ocean
topography, for example, Figure 2a. To recall, only altimeter tracks co‐located with the SAR detected TC centers
are kept, within two adjacent BTK points. The sampling period spans a window of 1–7 days after the TC, with the
response generally peaking between 1 and 4 inertial periods (in tropical region 1 IP = 24–40hr). Along‐track
altimeters provide SSH estimates every 7 km resolution, as distributed by the Copernicus service (CMEMS).
These measurements generally allow to catch the TC surface trough (SSHA), although not completely resolving
the inertial patterns.

Due to the prominence of the TC‐induced signature, SSHA can directly be estimated from the sole use of post‐
storm altimeter measurements, Figure 2c with a 21 cm estimated depression. This method provides an unique
description of the air/sea interactions occurring during a TC passage. No pre‐storm mean conditions derived from
L4‐product are used, to avoid smoothing effects inherent to these products, for example, Figure 2c illustrating a
drastic softening signature of the daily product interpolated in time and space along the Cryosat‐2 track.

Geophysical Research Letters 10.1029/2024GL110637
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TC SAM cold wake is derived from the REMSS product, using a strategy presented by Reul et al. (2014). In some
cases, Figure 2b, pair of Argo floats may be also present, making it possible to probe the vertical profiles before
and after the TC. Here, a modest temperature response (1.2°C) is observed (Figure 2d), in agreement with satellite
data, accompanied by a strong salinity wake (Figure 2e). More dedicated analysis of SSTAwill be the subject of a
future study.

2.4. Methodology Outcomes

These combined observations leads to the extraction of one synthetic wake variable (SSHA) and four initial
parameters: two describing the cyclonic forcing (Vmax, Rmax), an environmental factor for the ocean interior (N1)
and one for the coupling (Vfm). A number of ambiguous signatures were removed, when data were deemed too
erratic (island, coastal cases: 45 cases) or the situations too complex (global current regime, too weak signatures
from tropical depression: 36 cases). Ultimately, 270 cases among the database have been kept (for which 80%
covered by Argo), providing a wide range of forcing conditions (Figure 1a), stratification (Figure 1a) and wake
signatures.

3. The Baroclinic Response Scaling Law
The modulation of the wake response (hereafter δη = SSHA) can be quantified by a simple semi‐empirical law,
combining the four extracted parameters (see Kudryavtsev, Monzikova, Combot, Chapron, Reul, et al. (2019) for
details):

g.δη/V2
max ∝RmaxN1/Vfm (1)

It corresponds to a simplification of the three‐dimensional inertial wake problem, described by the full analytical
solution (Kudryavtsev, Monzikova, Combot, Chapron, & Reul, 2019), which combines both baroclinic and
barotropic responses in a three‐layers model. Several simplifying assumptions lead to this scaling law. (a) Since
the coupling between the two response modes is weak, both modes are treated independently (Geisler, 1970). (b)
The baroclinic response is dominant in open ocean (Ginis & Sutyrin, 1995), and Equation 1 solely synthetizes its
dynamic. (c) The ocean modulation is mostly driven by the seasonal thermocline stratification (i.e., the mixed
layer is transparent). The sea surface trough is merely an integration of changes associated to internal dis-
placements of the seasonal thermocline (Kudryavtsev, Monzikova, Combot, Chapron, Reul, et al., 2019). (d) The
surface response is strongly related to the TC size and forcing stress, proportional to Rmax*Vmax

2. (e) At last, this
empirical relationship comes from a linearization of the momentum balance. Advection term is removed, and the
resulting scaling law mostly translates the dominant contribution of the wind‐induced turbulent mixing
(Price, 1981).

Figure 3 graphically confirms the validity of this baroclinic scaling law, already verified for few TC cases in the
eastern Pacific (Combot, Quilfen, et al., 2020; Kudryavtsev, Monzikova, Combot, Chapron, Reul, et al., 2019),
now, extrapolated to all basins and to a much larger data set. Its robustness is also underlined by strong corre-
lations observed (>0.7), irrespective of the forcing used. The correlation using BTK forcing (0.73, left column) is
similar to the one previously reported (0.79 in Kudryavtsev, Monzikova, Combot, Chapron, Reul, et al. (2019)),
demonstrating the consistency of these results despite methodological differences. The scaling law performance
markedly improves when high‐resolution SAR measurements are used (right column), with a very high corre-
lation of 0.862 and a clear reduction in data dispersion.

Some outliers can be noticed, corresponding to responses dominated by the barotropic component, outside the
scope of the scaling law validity. Three criteria are used to filter these limiting cases: a) an ocean depth H < 2000
m (Jansen et al., 2010), a Froude number less than 1 (Geisler, 1970) or a low dimensionless translation speed (E.
A. D’Asaro et al., 2014; Reul et al., 2021) S < 0.5 (see definition in Supporting Information S1). These criteria
determine respectively, whether the barotropic response will be strongly amplified by a shallow water column
(Jansen et al., 2010), or whether the cyclone energy is transferred to the surface barotropic circulation rather than
the inertial one (Ginis, 2002)‐ or by a cyclone sufficiently stationary to allow efficient Ekman pumping, which
compromises the linear response assumption of the model (Jullien et al., 2012). At last 49 cases are identified,
reducing the data set to 221 cases (still ∼80% covered by Argo).

Geophysical Research Letters 10.1029/2024GL110637
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From this scaling law, regression coefficients can be calculated to directly predict SSHA from the initial pa-
rameters. Results are similar to those previously provided (Kudryavtsev, Monzikova, Combot, Chapron, Reul,
et al., 2019):

δη = 6.9.10− 6 (V2
max/g) (RmaxN1/Vfm)

1.041
(2)

4. Analysis of the SSHA Distribution and Trend
The inverse law provides a direct diagnosis of ocean responses induced by TCs, Figure 4a. The combination of
high‐resolution observations for forcing parameters and ocean stratification provides extremely reliable estimates
of SSHA, with a significant and almost unbiased correlation of 0.94. The median deviation of 1.56 cm from
altimetry measurements is particularly small and of the order of the instrumental biases (Abdalla et al., 2021).
Consequently, the modulation of the different parameters is correctly interpreted by the model, and associated
variations are well taken into account by the in‐situ and satellite observations. A mild scattering is observed
(22%), with the presence of a few erratic values that slightly increase the RMSE to 3.4 cm, although their
implication remains modest given its proximity to the median value. These more ambiguous estimates may
correspond to cases contaminated by rain (erroneous Vmax (Combot, Mouche, et al., 2020),), to a smaller altimeter
sampling (underestimation of SSHA), or even to situations with a deep dual‐mode response (i.e., barotropic/
baroclinic) for the strongest estimates (around 0.4 m).

Figure 3. Scaling of the TCs‐induced SSHA documented by Best‐Track forcing (Vmax/Rmax), panels (a) and (c); and by SAR
measurements, panels (b) and (d), with indications of translation speed (upper panels), or Froude number (lower panels).
Marginal situations corresponding to the development of a barotropic‐like response are indicated by pink circles for sub‐
critical translation speeds, by blue triangles for small adimensional storm speed, and by green circles for cases in coastal
environments (H<2000 m).

Geophysical Research Letters 10.1029/2024GL110637
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The quantile‐quantile curve shows excellent congruence between the distribution of observed and predicted
values along the interval [0 0.4]m, until responses about 40 cm, which encompass intermediate cases with a
Froude number or dimensionless translation speed close to critical values. The strongest amplitudes can be
observed for some barotropic situations, with SSHA around 80 cm. Figure 4b displays more restrictive distri-
bution of baroclinic wakes from 0 to 40 cm, with values mainly concentrated around 10–20 cm (50%), which
enfolds most of cyclonic activity (>=Cat 1). About 30% of troughs are below 10 cm and mostly correspond to
tiny or weak systems like TD, 20% are above 20 cm and correspond to intense/slow or intense/large systems.
Baroclinic responses around 40 cm are therefore very rare (<1%), the 50th percentile being 13.3 cm, as weak
systems like tropical storms account for a significant proportion of the total activity (25% of the data set,
Figure 4d).

Figure 4c further sheds light on the non‐monotonic relationship between surface anomalies and intensity
(averaged by category, see sampling in Figure 4d). Besides excellent agreement between the altimeter mea-
surements and scaling law predictions, an asymptotic trend is seemingly emerging for major systems (>=Cat3),
echoing similar evolutions of SSTA reported by Reul et al. (2014) and Mei et al. (2015). This trend is poorly
anticipated when BTK forcing is used, and a significant divergence appears for stronger categories. These dis-
crepancies mostly stem from Rmax reported by BTK, which overestimate the inner core size for intense systems
(Combot, Mouche, et al., 2020). Major systems tend (on average) to have a smaller Rmax, which compensates for
the effects of intensity to limit wake amplitudes, yet this decrease in Rmax is generally not taken into account by
BTK for small systems and tends to follow an asymptotic behavior due to the coarse resolution of the observations
used.

5. Discussion and Conclusion
The results show that, reduced to the SSHA, the three‐dimensional ocean response to TC passages can be
robustly synthesized through a mean response of the seasonal thermocline (N1) to a moving (Vfm) cyclonic
forcing (RmaxV2

max) . Using an innovative observation‐based method, the baroclinic nature of the TC cold wake
observed in open ocean is confirmed (Geisler, 1970; Ginis & Sutyrin, 1995; Kudryavtsev, Monzikova, Combot,
Chapron, Reul, et al., 2019). Identified barotropic responses were filtered out. However, good congruence was

Figure 4. Analysis of the baroclinic response, with (a) the comparison between the SSHA measured from altimeters and the ones estimated from the inversion of the
scaling law documented by SAR and Argo, and (c) the averaged‐trend of the mean SSHA according to wind intensity category, for SAR‐derived (magenta) and BTK‐
derived scaling retrieval (blue) and for observations (black), vertical bars indicate the standard deviations. The two lower panels disclose statistics properties of the
analysis, the quantile distribution of the SSHA amplitudes observed for (b), and the sampling according to each wind intensity category for (d).
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still observed, validating the semi‐empirical scheme and hypothesis of Kudryavtsev, Monzikova, Combot,
Chapron, Reul, et al. (2019). The use of a semi‐empirical law for the baroclinic response, combined with a
multi‐modal database, provides an almost complete interpretation of the mean TC wake response, to anticipate
most of the amplitudes of surface troughs, about 63% of total cases (221/351), in line with previous studies
(∼70% in Jullien et al. (2012); H. Zhang et al. (2020)). In addition, an asymptotic behavior is revealed with
respect to TC intensity, and most baroclinic signatures range from 0 to 40 cm, with an average sea level
depression about 10–20 cm.

If both atmospheric forcing sources provide good correlation (at least ∼ 0.7), when in situ measurements of
stratification are combined with highly resolved atmospheric forcing observations, results significantly improve.
Figure 5 summarizes the substantial contribution of these measurements to the accuracy of SSHA estimates, with
progressive declines in all statistical indicators when SAR and Argo data are successively removed from the
analysis (from R= 0.95 to r = 0.74, Figure 5a). Overall, forcing parameters have a greater weight to interpret the
ocean response (Figures 5a and 5c), which confirms the very strong dependence of SSHA on atmosphere mo-
mentum fluxes. An accurate definition of TC inner core is required to correctly integrate the effects of stratifi-
cation, as suggested with the more ambiguous discrepancies between the BTK+Argo and BTK+ ISAS solutions
(Figures 5c and 5d). While the in‐situ data seem to often be in line with the climatology, significant discrepancies
can still occur and radically compromise the analysis when ISAS parameters are used (Figure 5b).

Using high‐resolution data may seem restrictive due to the scarcity of SAR and in situ observations. But, with the
present‐day altimeter constellation, the semi‐empirical law provides an efficient and versatile method to diagnose
air/sea interactions during a TC. It can help not only to investigate wake amplitudes but also to revisit other
coupling parameters, such as Rmax or even stratification. This limited spatio‐temporal sampling shall also improve
in the future, with the advent of Radarsat constellation mission (RCM) launched in 2019 (Geldsetzer et al., 2019;
Kroupnik et al., 2021; Séguin & Ahmed, 2009), future European L‐band sensor (ROSE‐L, Davidson and Fur-
nell (2021); Moreira et al. (2023); Perna et al. (2024)), and foreseen EE 10 Harmony mission (López‐Dekker
et al., 2021), that will gradually enrich the capability to monitor the surface wind structure at very high resolution
under extreme conditions. It is also worth mentioning the emergence of new altimeter capabilities with the SWOT
instrument, which will provide unique 2D maps of TC wakes. This will ease the proposed analysis and the
automation of the proposed SSHA extraction method, to make these results more reproducible. This expanded
constellation of SAR and altimeters missions shall considerably enrich our database to further investigate the
coupling mechanisms between the TC vortex and the ocean interior.

Finally, TC Sam inertial response was strong with a trough larger than 20 cm, but the temperature response was
seemingly relatively small (around 1°C, see also Figure S3 from Supporting Information S1) unlike the salinity
signature. Surface mixing was likely partially inhibited due to the existence of a barrier layer, noticeable in the
Argo profiles (Figures 2d and 2e). A next investigation will explore the differences between surface and sub-
surface dynamics occurring in TC cold wakes.

Figure 5. Evolution of the quality of SSHA predictions when derived from (a) SAR and Argo measurements, (b) SAR and ISAS climatology, (c) BTK and Argo and
(d) BTK and ISAS. The colorbar indicates the discrepancies of stratification between the climatology estimates and in‐situ measurements:(N1ISAS − N1Argo). The black
dots with a magenta outline represent situations where we have no Argo data and where stratification depends solely on ISAS climatology (54 cases).
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Data Availability Statement
Ocean vertical profiles from Argo are collected by GDACS and are distributed by Ifremer: https://data‐argo.
ifremer.fr/geo. High‐resolution winds derived from the combination of cross‐ and co‐polarized SAR signal are
retrieved and provided by Ifremer: https://data‐maxss.ifremer.fr (see added_value/ tc − vortex − radii). Daily
satellite‐based SST product from REMSS can be found at https://data.remss.com/sst/daily/mw_ir/v05.0/netcdf.
L3 measurements of SSH for each altimeter were provided by CMEMS (2024). Best‐track parameters are pro-
vided by IBTrACS on: https://www.ncei.noaa.gov/products/international‐best‐track‐archive (Gahtan
et al., 2024).
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