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Abstract The ocean regulates the Earth's climate by transporting heat from the equator to the poles. Here,
we use satellite‐based sea surface observations of air‐sea heat fluxes and eddy detection to investigate the
mesoscale heat transport. “Mesoscale” refers to both the Eulerian perspective as the spatio‐temporal scales of
∼100 km and ∼1 month, as well as the Lagrangian aspect as isolated vortices identified from the dynamic
topography. Paradoxically, there are a considerable number of mesoscale eddies inconsistent between their
surface thermal and dynamic signals, that is, cold‐core anticyclones and warm‐core cyclones are globally
prevalent. On account of such inconsistency, we show that the mesoscale meridional heat transport carried by
geostrophic components is 10 times larger than (and opposite in direction to) that of the wind‐driven Ekman
components. An offset between SSH‐SST coherent and incoherent eddies in the Ekman heat transport is
apparent, whereas the geostrophic heat transport is contained within coherent eddies.

Plain Language Summary Rotating water masses in the ocean, termed as mesoscale eddies, are
dynamically important features because they can transport nutrients and displace heat in the Earth's climate
system. In the same manner as the atmospheric weather systems that are associated with high or low pressures,
mesoscale eddies are accompanied by sea level anomalies and therefore can be observed by satellite images.
Conventionally, anticyclonic eddies detected as clockwise vortices in the Northern Hemisphere display warm
temperature anomalies at the center. However, recent studies have found that the sea surface temperature signal
of an eddy might be uncertain and even contradictory to their dynamical circulation patterns. In this study, we
combine sea surface observations of temperature and velocity fields to determine the patterns of global ocean
heat transport associated with mesoscale eddies.

1. Introduction
In the current Earth's climate system, more than 90% of the total human‐induced energy imbalance accumulates in
the ocean as increased ocean heat content (OHC) (Cooley et al., 2022). Such rapid anthropogenic warming over
the past few decades has contributed to significant sea level rise (Zickfeld et al., 2017), intensified rainfalls
(Madakumbura et al., 2021), severe deoxygenation (Keeling et al., 2010) and declines in ice sheets and glaciers in
the polar regions (Marzeion et al., 2014). Traditionally speaking, a combination of shallow wind‐driven gyres at
the subtropics and deep circulations at high latitudes regulates the large‐scale OHC patterns by redistributing
water masses (Ferrari & Ferreira, 2011; Talley, 2003; Trenberth & Caron, 2001). From such perspective, heat, or
temperature to be more specific, is an intrinsic characteristic of water masses and can be identified and traced from
ventilation processes. Some studies, on the other hand, distinguished heat transport from temperature, for which
the former represents thermal energy transfer with a mass conservation while the latter does not strictly constrain
mass (Warren, 1999).

In previous studies, estimates of ocean heat transport (OHT) fall into one of three categories: (a) bulk formula
deductions, (b) residual calculations, and (c) direct in situ full‐depth measurements. The first two methods
produce what are considered indirect OHT estimates, as they do not require water column observations but rather
assess the energy budget linked to the atmosphere. In other words, assuming that there is no regional storage of
heat within the ocean, air‐sea heat fluxes computed globally are thus balanced by ocean heat divergence
(described as the 3D method in Section 2). To be more specific, bulk formula of heat transfer are equations with
empirical coefficients that are applied to observations of constituent variables at the air‐sea interface, while re-
sidual calculations consider the energy difference between top of the atmosphere and meteorological measure-
ments. By applying the latter, Trenberth and Fasullo (2017) have shown that the global average of large‐scale
meridional heat transport (MHT) approaches 2 PW as the maximum at 15°N in the direction toward the pole,
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with the largest contribution from the Atlantic Ocean. Compared with this 3D perspective of heat conservation,
direct in situ observations typically compute heat transport across 2D hydrographic sections, which commonly
produce a narrower range of MHT estimates with lower uncertainties (Bryden et al., 1991; Johns et al., 2011;
Roemmich & Wunsch, 1985).

Although the partitioning of large‐scale OHT among different basins has been systematically quantified, it is still
difficult to determine such transport at the meso or even smaller scales from either observations or numerical
models. This difficulty is in part due to the vague definition of the “mesoscale,” since some studies considered it to
be the transient component apart from a longer‐term average (Delman & Lee, 2021) while other studies track
coherent eddying structures in a Lagrangian perspective (Bashmachnikov et al., 2023; Chelton et al., 2011; B. Sun
et al., 2019). Recent observations of the inconsistency between sea surface temperature (SST) and sea surface
height (SSH) anomalies in defining eddies alternatively demonstrate the issue. In the traditional context, anti-
cyclonic eddies detected as positive SSHAs typically enclose a distinct warm temperature anomaly at the center
and thus are capable of warming the marine boundary layer. However, recent observations have shown that about
20% of eddies detected from altimeter data exhibit unconventional characteristics, such as warm‐core cyclones
(CEs) and cold‐core anticyclones (AEs) (Itoh & Yasuda, 2010; Ni et al., 2021; Moschos et al., 2022; W. Sun
et al., 2022), which do not conform to the standard definition of mesoscale eddies based on sea surface height and
temperature coherence. We refer to these unconventional eddies as SSH‐SST incoherent eddies hereafter.
Generations of such counter‐intuitive features at the mesoscale remain to be studied.

With the focus on how mesoscale eddies contribute to MHT in the context of both sea surface dynamic and
thermodynamic measurements, the structure of the paper is organized as follows: Section 2 begins with a detailed
presentation of heat transport dynamics in both 2D and 3D contexts, accompanied by descriptions of how each
component in MHT is approached from two satellite‐based data sets: the Objectively Analyzed Air‐Sea Fluxes
(OAFlux2) (Yu, 2019) and the Mesoscale Eddy Trajectories Atlas (META3.2 DT) (Pegliasco et al., 2022). In
terms of logic, thermal and dynamical patterns obtained from OAFlux2 were first confined to the mesoscale by
application of spatial and temporal windows. Subsequently, these anomalies were extracted for each META eddy
detected by closed contours of absolute dynamic topography (ADT). Therefore, the term of “mesoscale” fields
hereafter refer to anomalies from the large scale, while “mesoscale eddy” is always concerned with a dynamically
detected vortex. In Section 3, the 20‐year composite of global eddy‐induced air‐sea net heat fluxes is presented,
followed by spatial patterns and long‐term averages of MHT. A discussion on potential physical explanations is
provided at last.

2. Mechanisms and Computations of Ocean Heat Budget
2.1. Ocean Heat Budget in 3D and 2D Contexts

Indirect estimates of OHT begin with the integration of the complex 3D oceanic and atmospheric circulations in
density coordinates for obtaining a description of the overturning circulation (Czaja & Marshall, 2006; Nurser &
Lee, 2004). If one considers the heat budget for ocean surface layer, the temporal evolution of temperature is
given by the sum of net heat exchange with the atmosphere, advective heat transport by currents and some
diffusive processes within this layer. For example,

∂T
∂t
+ u ⋅∇T = (KvTz)z. (1)

Here, Kv represents the diffusive coefficient over the surface layer, dependent on the vertical coordinate z. We
could thus integrate Equation 1 over volume and consider the heat budget instead, which is

∫ ρCp(
∂T
∂t
+ u ⋅∇T) dV =∫ ρCp(KvTz)z dV ≈ ∬ ρCp (KvTz)⃒⃒topbot dxdy ≈ ∬Fs dxdy, (2)

where ρ represents seawater density, Cp the specific heat of water at constant pressure, Fs the net air‐sea heat flux
at the surface. This equation relates the temporal change of near‐surface heat content to fluxes at the air‐sea
interface, while the heat transfer at the bottom of this layer is either assumed to be zero or neglected.
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On the other hand, direct estimates of OHT are based on observations of water column temperature and velocity.
The general expression for the computation of heat transport perpendicular to any 2D hydrographic transect is

OHT = ∬ ρCpTv dxdz, (3)

where v represents the velocity perpendicular to the transect. Typically, ρ and v are functions of temperature,
salinity and pressure. However, v is sometimes computed as a geostrophic balance with corrections from
ageostrophic motions like Ekman dynamics. The integral for Equation 3 is taken vertically and horizontally across
the transect where a mass balance is satisfied for the ocean's large scale (Warren, 1999). As a result, estimates
using Equation 3 are typically constructed from temperature, salinity, and pressure observations of hydrographic
sections using a variety of techniques. A simplified version is to assume constant values of ρ, Cp and a uniform
surface layer thickness h, of which the latter means the integrand of Tv is independent of depth. Equation 3 then
becomes

OHT = ρCph∫Tv dx. (4)

This 2D version of OHT calculation depends on temperature and velocity variations along any hydrographic
section, which has been widely used to study heat and salt transport at the mesoscale (Hausmann & Czaja, 2012;
Melnichenko et al., 2017).

Based on Equation 4, in this study we further separate velocity v associated with any nearly‐geostrophic eddy into
2 components: the geostrophic component which is simply the rotation of an eddy, and the Ekman component
calculated from the wind stress. If all mesoscale eddies are SSH‐SST coherent eddies with identical SSH and SST
anomaly center locations, the geostrophic component of horizontal heat transport will result in a null effect.
Therefore, it is the horizontal discrepancy between eddy's SSH and SST centers that leads to the geostrophic OHT
at the mesoscale. Additionally, the Ekman velocity is directly derived from the satellite‐observed wind fields with
the consideration of eddy's relative vorticity (Gaube et al., 2015; Stern, 1965),

uek =
τ

ρ( f + ζ)H
× k̂. (5)

Here, τ indicates the surface wind stress, f and ζ the planetary and relative vorticities respectively. We also assume
a constant Ekman layer thickness H to be 50 m in the calculation of OHT.

2.2. Combination of Air‐Sea Dynamic and Thermal Observations

In this study, SST, wind speed and direction, turbulent heat flux, Ekman transport and other related sea surface
variables are taken from OAFlux2, which is a new satellite‐derived 0.25‐degree gridded air‐sea flux analysis
(1988 to the present) developed under the auspices of NASA's Making Earth System Data Records for Use
(MEaSUREs) program (Yu, 2019). The computation of turbulent heat flux is based on the version 3.6 of the
Coupled Ocean‐Atmosphere Response Experiment (COARE) bulk algorithm (Fairall et al., 2003). In OAFlux2,
wind speed is synthesized from 18 satellite sensors including both microwave radiometers and scatterometers (Yu
& Jin, 2014a, 2014b), and air humidity and temperature are retrieved from 13 satellite microwave sounders and
radiometers (Yu & Jin, 2018). To estimate the net heat flux at the air‐sea interface (i.e., the sum of radiation and
turbulent flux), we also used the radiation data from the CERES SYN1deg product which were modeled from 1‐
hourly radiances and cloud property data (Doelling et al., 2016).

In terms of eddy tracking, the META data set was applied as the eddy atlas (Pegliasco et al., 2022), in which a
novel SSH‐based automatic identification algorithm was utilized to determine and track eddies through spatially
high‐pass filtered SSH‐closed contours (Chelton et al., 2011). The date of eddy occurrence, location, radius, and
amplitude are contained within this data set, but information regarding eddy contours is absent. The amplitude of
the anticyclonic (cyclonic) eddy is defined as the absolute difference between the maximum (minimum) sea level
anomaly (SLA) values within the eddy range and the average SLA value at the eddy's edge. In this study, the time
period chosen for constructing eddy statistics and their correlation with air‐sea variables is between 1999 and
2018 (i.e., 20 years in total). In an attempt to accurately evaluate the geostrophic velocity associated with the
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META eddy detection, the same source of daily sea surface height and geostrophic velocity derivation is applied,
provided by the E.U. Copernicus Marine Service Information (Copernicus Marine Service, 2023).

To associate all air‐sea variables with eddy detection, our first step is to limit the SST, velocities and net air‐sea
heat flux signals to the ocean mesoscale. Following previous studies (Liu et al., 2020; Villas Bôas et al., 2015), a
temporal band‐pass Butterworth window is applied to preserve periods between 7 and 90 days, which correspond
to the typical time scales of eddies. In the next step, a moving average Hann window is used to filter spatial scales
larger than 600 km. Subsequently, these spatially‐filtered maps containing signals with wavelengths longer than
600 km are subtracted from the time‐filtered maps to construct the anomaly maps associated with mesoscale
features. We next also define the large scale as the residual between the original distribution and the mesoscale
anomalies.

After filtering out the irrelevant scales for air‐sea variables, we composite spatial patterns of SST and heat fluxes
inside all identified eddies together. For each identified eddy, the air‐sea anomalies are interpolated onto a
uniform high‐resolution grid, normalized by the radial distance from the eddy center to the eddy edge. The spatial
extent of the grid is chosen to represent the anomaly fields to a distance twice the eddy radius R in each direction.
This scaling allows to average the anomaly of thousands of eddies as a single composite map, consisting of an
efficient way to depict their mean signature on surface variables. The composite maps of eddy‐induced anomalies
are produced by averaging anomaly fields over all eddies selected by eddy types. In this study, we separate warm
and cold eddies in terms of the extreme SST anomalies inside the eddy radius R. For example, warm‐core eddies
are determined if the extreme SST anomaly inside the eddy contour is positive. These two separations according
to polarity and temperature lead to four eddy types: SSH‐SST coherent eddies (warm AEs and cold CEs), and
SSH‐SST incoherent eddies (warm CEs and cold AEs).

3. Results: Meridional Heat Transport at the Mesoscale
In this section, composite maps of net air‐sea heat fluxes for SSH‐SST coherent and incoherent eddies will be
presented first, followed by a quantification of MHT for each component representing the transport by the Ekman
flow or geostrophic circulation associated with mesoscale eddies.

The averaged spatial distribution of net air‐sea heat flux anomalies inside eddies is shown in Figure 1. These
composite maps were obtained by averaging eddy‐induced anomalies with radius larger than 30 km and
amplitude larger than 35 mm, corresponding to approximately 2.26 million anticyclonic and 2.25 million cyclonic
eddy realizations in the Northern Hemisphere, and 4.15 million anticyclonic and 4.36 million cyclonic eddies in
the Southern Hemisphere. For AEs and CEs in both hemispheres, we further separate cold and warm eddies
according to the extreme values of SST inside eddy's SSH contours. The percentage of warm and cold eddies for
each row is displayed at the bottom right corner of every component. It is obvious that in both hemispheres, the
features of SSH‐SST coherent eddies dominate over incoherent eddies (as to compare the patterns of first and
second columns in Figure 1). An analogous figure of SST to Figure 1 of air‐sea flux shows very similar spatial
structure and is thus neglected for a duplicate of plotting.

We also notice in Figure 1 of small distances between the SST‐ and SSH‐determined eddy centers. This shift of
heat anomaly from the SSH‐based eddy core is mainly northwestward (southwestward) for Northern Hemisphere
AEs (CEs) and Southern Hemisphere CEs (AEs). Such difference between the SST and SSH centers is also
consistent with previous studies on SSH‐SST coherent eddies that the westward displacement of SST is asso-
ciated with the β‐effect (Chassignet & Cushman‐Roisin, 1991; Cushman‐Roisin et al., 1990). In addition to the
zonal movement, Morrow et al. (2004) considered meridional propagation of eddies and concluded that the
divergence in eddy pathways for both hemispheres implies a net equatorward heat transport. Such concern with
the migration speed of individual eddies is not considered here, and only the Ekman and geostrophic velocities are
examined for a comparison in the context of MHT. Moreover, SSH‐SST coherent eddies in the Southern
Hemisphere display greater consistency between their dynamic and thermodynamic centers. This is in part due to
a higher intensity of net heat flux inside coherent eddies as shown in (c2) and (d2), and in part ascribed to a larger
number of coherent eddies compared with incoherent ones. However, we also observe a considerable number of
SSH‐SST incoherent eddies in Figure 1 (column 3), albeit less than their coherent counterparts. SSH‐SST
coherent and incoherent eddies are located symmetrically in terms of the eddy's SSH center. In the Northern
Hemisphere, it is easy to identify cold AEs and warm CEs in the averaged patterns of AEs and CEs.
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Following the air‐sea net heat flux pattern, Figure 2 illustrates the spatial distribution of eddy‐induced MHT in
terms of the Ekman and geostrophic components, as calculated separately by Equation 4. With regard to am-
plitudes, the geostrophic component at the mesoscale as shown in (a2), (b2), and (c2) is about 10 times larger than
the Ekman component of (a1), (b1), and (c1). The total mesoscale signal of MHT in (a) can be divided into one
constituent inside SSH‐SST coherent eddies as in (b) and the other constituent outside coherent eddies as in (c). In
terms of the total Ekman component, MHT inside coherent eddies shown in (b1) has a reversed and dominant
spatial pattern compared with MHT outside coherent eddies displayed in (c1). The same comparison between (b2)
and (c2) for the geostrophic component, however, indicates that the total amount of MHT is carried by SSH‐SST
coherent eddies, with the outside‐eddy component appearing as small deviations. While the Ekman velocity
associated with coherent eddies transports heat toward the equator as shown in (b1), the geostrophic components
displayed in (b2) transfer heat toward the pole in both hemispheres. In other words, the Ekman component of
MHT is opposite in direction to the geostrophic component, albeit 10 times smaller. Panels (d1) and (d2) were
added to provide the spatial distribution for the large‐scale MHT (Note that the large‐scale component of MHT
was calculated as the residual between total and mesoscale spatial patterns of SST and velocities). Despite that the
MHT induced by mesoscale eddies is much smaller than the large‐scale component, an analogy for the opposite
effects between Ekman and geostrophic members is still apparent at the large scale, especially in tropical and
subtropical regions.

Figure 1. Composite maps of eddy‐induced net air‐sea heat flux. From top to bottom, each row is associated with the
Northern Hemisphere (NH) anticyclones, cyclones, Southern Hemisphere (SH) anticyclones and cyclones. The total number
of eddies is included in the text. For the second and third columns, the percentage of warm and cold components is shown at
the bottom right corner. The axes in the composite maps are the normalized distance between the eddy center and twice the
eddy edge. The circle of dashed lines in each map marks an eddy contour with the effective eddy radius.
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To summarize the spatial distribution of MHT in Figure 2, a schematic of eddy‐induced air‐sea heat flux (or SST)
and its connection with Ekman and geostrophic velocities is provided in Figure 3. The only reason for the
appearance of geostrophic MHT component is attributed to the distance between the SSH and SST eddy cores so
that a geostrophic balance in velocity can still produce net heat transport meridionally. On the other hand, the

Figure 2. Meridional heat transport (MHT) for the eddy‐induced Ekman (left) and geostrophic (right) components. Rows (a–c) respectively display MHT for the total
mesoscale signal, inside SSH‐SST coherent eddies and outside coherent eddies. Note that the color scale for the Ekman and geostrophic MHT differs by a factor of 10.
Panels (d1) and (d2) show the large‐scale signal of MHT for comparison with the mesoscale. Positive values indicate the northward movement (1 GW = 1000 MW).

Figure 3. Schematic of SST and velocity anomalies inside SSH‐SST coherent and incoherent eddies. Each dome (in red) or
basin (in blue) indicates the SST or heat anomaly with some shift of distance from the eddy circulation core. Such pattern of
shifts was summarized from the composite analyses of all eddies. Black circles with arrows draw the geostrophic balance of
each eddy, while the yellow arrows show the Ekman velocity at the mesoscale.
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Ekman dynamics of mesoscale eddies is typically determined by the shear of wind field or the relative vorticity of
eddies (e.g., eddy killing effect (Rai et al., 2021) and nonlinear Ekman‐layer response to the wind stress (Chen
et al., 2021)) while the SST‐induced thermal feedback is considered secondary in determining Ekman velocities
(Gaube et al., 2015). In the Northern Hemisphere, warm signals of AE migrate toward the equator while cold
signals of CE move apart from the equator, both of which produce a negative heat transport (i.e., in the direction
toward the equator). A similar combination of the Southern Hemisphere SSH‐SST coherent eddies appears to be
positive. For SSH‐SST incoherent eddies, it is of interest to underline that the meridional components of Ekman
velocity anomaly have opposite signs for the northern and southern halves within each eddy contour (Figure S1 in
Supporting Information S1). As a result, the Ekman component of MHT for incoherent eddies is also contingent
on the meridional distance between the SST‐ and SSH‐determined eddy cores.

The zonal integration of MHT according to Figure 2 leads to Figure 4. A comparison between (a) and (b) shows
that eddies as isolated vortices play an essential role in meridional heat transport at the mesoscale. Located near
40° in both hemispheres, the maximums of mesoscaleMHT in (a) can approach 3.1 TW for the Ekman component
and 26 TW for the geostrophic component. The large‐scale MHT shown in (c) and (d) suggests that the total
mesoscale signal of MHT is much smaller in comparison. Consistent with previous studies (Jayne & Mar-
otzke, 2002), the large‐scale geostrophic MHT dominates the tropical region as shown in (d), whereas the Ekman
component switches the sign from subpolar to subtropical regions.

Focused on the mesoscale in Figures 4a and 4b, the Atlantic Ocean (blue lines in the figure) predominates the
global pattern for both the geostrophic and Ekman constituents at the mesoscale. In the Southern Hemisphere, the

Figure 4. Zonal integration of meridional heat transport (MHT): (a) at the mesoscale; (b) inside mesoscale eddies (including
both SSH‐SST coherent and incoherent eddies); (c) at the large scale for the Ekman component; (d) at the large scale for the
geostrophic component. The legend in (a) also applies to (b). For panels (a) and (b), the magnitude of Ekman components
was multiplied by 10 in order to compare the Ekman and geostrophic components in the same plot. The units for (a) and
(b) are TW, and units for (c) and (d) are PW (1 PW = 1000 TW).
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Ekman component prevails in the Indian Ocean subtropics, which implies that the intensities of SST and wind
stress anomalies are both large there. By contrast, the Pacific Ocean is trivial for the Southern Hemisphere MHT
at low latitudes, but produces the largest proportion for latitudes higher than 55°S. In the Northern Hemisphere,
the geostrophic component of Pacific Ocean induces the largest percentage of MHT at the subtropics, while
Atlantic Ocean is more important at polar and subpolar regions.

4. Conclusions and Discussions
The goal of this study is to quantify the near‐surface horizontal heat transport at the ocean mesoscale. Such
process in the equivalent context of the large scale was often accomplished by diagnosing the meridional
overturning circulation, either by direct measurements in depth or indirect deductions from air‐sea heat ex-
changes. Here, we have shown that a more quantitative picture can be inferred from a combination of sea surface
thermal and dynamical observations of mesoscale features. To our knowledge, this is the first study that in-
vestigates the mesoscale heat transport at the sea surface, in terms of the inconsistency between mesoscale eddy's
temperature and velocity characteristics.

With an attempt to retain air‐sea variables at the corresponding mesoscale, a filtering window in both space and
time was first applied to the original OAFlux2 data set that synthesizes several satellite sensors to generate a more
accurate detection of SST, turbulent heat flux, and current velocity fields etc. Second, the META3.2 eddy atlas
was included to provide information of isolated eddies as dynamical features. Subsequently, an analysis by
compositing mesoscale eddies together led to the concept of SSH‐SST coherent (warm AEs and cold CEs) and
incoherent (warm CEs and cold AEs) eddies, which were distinguished as whether the eddy's thermal and dy-
namic structures are consistent in the traditional context. Globally speaking, we find that SSH‐SST coherent
eddies dominate the mesoscale MHT, albeit a higher proportion of incoherent eddies in specific regions (e.g., the
percentage of each eddy type is summarized in Figure 1).

An additional comparison between meridional heat transport by the Ekman flow and geostrophic circulation
associated with mesoscale eddies highlights the importance of the distance between eddy's SST‐ and SSH‐
determined centers. Without such distance, the approximately geostrophic balance of eddies hardly produces
any net transport of heat toward the pole or equator. Overall, the geostrophic MHT is 10 times larger than that
originated from the Ekman dynamics. In terms of division into ocean basins, the Atlantic Ocean dominates
geostrophic MHT in both hemispheres, while the Indian Ocean plays a leading role in the Southern Hemisphere
Ekman heat transport.

In summary, though the mesoscale MHT as defined herein is not comparable to the large scale, mesoscale MHT
can still reach 26 TW as the geostrophic component and 3 TW as the Ekman component. Further analyses and
investigations could incorporate several extensions to this study:

1. A comparison to the 3D perspective of heat transport calculation could be included. This will be more feasible
for numerical studies that consider more complicated equations of state which are capable of producing SSH‐
SST incoherent eddies.

2. In this study, the thickness of surface layer is uniform for the calculation of MHT. However, previous studies
have shown that the surface layer depth is highly dependent on eddy's activities (Gaube et al., 2019), since
mesoscale eddies commonly display surface thermal anomalies in contrast to the background water properties
under the same atmospheric conditions. A time‐ or space‐varying surface layer thickness might be taken into
consideration for a more accurate estimate of MHT.

3. A detailed analysis of depth‐dependent structures of mesoscale eddies is necessary for better understanding of
SSH‐SST incoherent eddies.

Data Availability Statement
The high‐resolution air‐sea turbulent heat fluxes and related variables are provided by the WHOI OAFlux project
(Yu, 2019). The radiation data are provided by CERES (Doelling et al., 2016). The mesoscale eddy atlas and
related geostrophic velocity are provided by AVISO (Pegliasco et al., 2022) and CMEMS (Copernicus Marine
Service, 2023).
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