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Abstract. In this study, a high-resolution ocean-atmosphere coupled simulation is used to assess the effects of sea surface
temperature (SST), surface currents, and ocean vertical stratification on the spatial variability of latent heat flux (LHF) and the
stability of the marine atmospheric boundary layer (MABL) in the Northwest Tropical Atlantic during January and February
2020. The analysis focuses on the ocean mesoscale (O(50—250 km)) across the Northwest Tropical Atlantic (referred to as
the EURECA region in this study) and within three sub-regions characterized by different ocean dynamical regimes: Amazon,
Downstream, and Tradewind. Results indicate that the coupling between SST and wind speed (and specific humidity) is stronger
(weaker) in the Amazon and Downstream regions, influenced by the warm coastal North Brazil Current eddy corridor and
the Amazon River plume, than in the Tradewind region, representative of the open ocean, consistent with previous remote
sensing studies. Overall, warmer SSTs are associated with increased wind speeds and variations in specific humidity, deviating
from Clausius-Clapeyron expectations. We interpret this as the result of active ocean processes modifying the near-surface
atmosphere, enhancing vertical motion in the MABL, and transporting momentum and drier air from the free troposphere
toward the surface. To further investigate the impact of mesoscale SST features on LHF, we apply a linear, SST-based
downscaling method. Results show that these mesoscale SST structures induce a substantial increase in LHF, 46.8 W m 2K !
on average in the Amazon and Downstream regions (warm eddy corridor). In the Tradewind region, the LHF sensitivity to
SST is smaller, at about 35 W m~2 K—!. For the Amazon region, of the 46.7 W m~2 K—! change in LHF associated with
SST, approximately 7.8 W m~2 K~ is attributed to direct mesoscale SST changes (thermodynamic contribution), while the
remainder is linked to mesoscale SST-induced modifications in near-surface atmospheric circulation (dynamic contribution),
mainly near-surface specific humidity. The influence of surface currents on LHF is weaker, with deviations not exceeding
15 W m~2. Finally, we focus on the SST anomalies linked to the Amazon freshwater plume. We find them to be persistent
throughout the period of study affecting LHF by the mechanisms described above. Lateral advection and heat loss to the

atmosphere tend to dilute them with their environment by the end of the period of study. This work underscores the importance
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Figure 1. (a) Schematic representation of the Downward Momentum Mixing (DMM) mechanism, adapted from Meroni et al. (2020). (b)
]
Schematic representation of the Current Feedback (CFB) mechanism. Details on how to compute the CFB-induced wind anomaly ( Ucrg)

are provided in Subsection 3.1

of a regionalized approach to mesoscale air-sea interaction studies in the Northwest Tropical Atlantic, as LHF sensitivity to
SST and surface currents exhibits strong spatial variability driven by distinct oceanic dynamics. Submesoscale LHF sensitivity

to SST and currents is not addressed here and will be the subject of future research.

1 Introduction

Turbulent heat fluxes (THFs, comprised of latent and sensible heat fluxes) are related to temperature (sensible) and moisture
undersaturation (latent) imbalances at the air-sea interface. When examining air-sea interactions through THFs, it is common
in the literature to distinguish between the ocean’s large-scale and fine-scale processes, the latter including the mesoscale
(O(50—250 km)) and submesoscale (< O(50 km)) components. These fine-scale interactions with the atmosphere have
been shown to differ significantly from large-scale processes (Chelton and Xie, 2010; Small et al., 2019; Gentemann et al.,
2020; Conejero et al., 2024). At large scales, atmospheric dynamics predominantly drive ocean variability (Gill and Adrian,
1982). However, at scales smaller than about 250 km, the ocean actively influences the near-surface atmosphere, affecting air
temperature, frictional stress, and the stability of the marine atmospheric boundary layer (MABL) (Small et al., 2008). Among
THFs, this study focuses on latent heat flux (LHF) in the Northwest Tropical Atlantic, as it provides a direct link between
atmospheric dynamics and thermodynamics. Indeed, the process of seawater evaporation cools the ocean surface, while the
heat released during the subsequent moisture condensation warms the atmosphere. Warm and moist air in the atmosphere can

become buoyant, triggering atmospheric convection and the formation of storms.
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The effects of ne-scale sea-surface temperature (SST) variability on the near-surface atmosphere and air-sea heat uxes,
have been investigated using satellite products (Bishop et al., 2017; Fernandez et al., 2023), in-situ measurements (Acquistapac
et al., 2022; lyer et al., 2022; Fernandez et al., 2024), atmospheric models (Borgnino et al., 2025) and coupled models (Small
et al., 2019). In the literature, two primary mechanisms of lower atmospheric response to SST features have been identi ed:
the downward momentum mixing (DMM) (Hayes et al., 1989; Wallace et al., 1989) and the pressure adjustment (PA) (Lindzen
and Nigam, 1987). The DMM mechanism consists in the destabilization of the MABL over a warm SST anomaly, which
enhances vertical mixing (Fig. 1a). This process facilitates the entrainment of drier air from the free troposphere into the
MABL, thereby increasing surface winds and intensifying LHF (Acquistapace et al., 2022; Borgnino et al., 2025). Conversely,
cold SST anomalies suppress vertical mixing, leading to reduced surface winds and lower LHF. Thus, DMM provides a top-
down mechanism by which ne-scale SST variability in uences the near-surface atmosphere, a process known as thermal
feedback (TFB) (Renault et al., 2019b, 2023). PA, on the other hand, predicts that surface wind convergence (divergence)
occurs over SST maxima (minima) as warm (cold) SST cores generate local sea level pressure lows (highs). This leads to
weaker winds over SST extrema, resulting in lower LHF (Pasquero et al., 2021). The in uence of these mechanisms has been
observed across various regions of the World Ocean on timescales ranging from hours to days and months (Small et al., 2023)
Foussard et al. (2019) found that PA tends to dominate where surface winds are well-coupled to upper-level winds, while
DMM prevails in neutrally stable lower tropospheric conditions where SST effectively modulates surface winds (Desbiolles
et al., 2023). Warm mesoscale eddies and fronts have been shown to enhance LHF via DMM in several regions, including the
Gulf Stream (Minobe et al., 2008), the Kuroshio Extension (Xu et al., 2011; Ma et al., 2015; Chen et al., 2017), the South
China Sea (Liu et al., 2018, 2020), and the Agulhas (O'Neill et al., 2005) and Malvinas (Villas Bbas et al., 2015; Leyba et al.,
2017) currents. Meanwhile, PA has been shown to impact cloud and precipitation patterns in the cold wake of tropical cyclones
(Ma et al., 2020) through a cross-track secondary circulation (Pasquero et al., 2021). Finally, Conejero et al. (2025) showed
that both PA and DMM are diminished when the model grid spacing is reduced and the full range of mesoscale structures is
resolved due to a stronger submesoscale-induced atmospheric frontogenesis. In the Northwest Tropical Atlantic, Fernande:
et al. (2023) found that DMM dominates over PA using multiple satellite products.

In addition to SST effects, surface currents, also in uence wind stress and thus surface winds and LHF via a bottom-up
process known as current feedback (CFB), (Bye, 1985; Chelton et al., 2001; Renault et al., 2016b, a, 2019a). Here, we focus or
the CFB-induced surface wind response and its impact on LHF. When surface currents (black arrow in Fig. 1b) and winds (blue
arrow) align (left side of the eddy in Fig. 1b), surface stress becomes reduced and an anomalous surface wind develops (orang
arrow), reinforcing the prevailing wind eld (Renault et al., 2016b). This enhances relative wind speed (the difference between
surface wind and surface current velocities, represented by a green arrow) which becomes larger than if we had not accounte
for CFB (purple arrow) and increases LHF. Conversely, when surface currents oppose surface winds, the CFB-induced wind
anomaly weakens surface winds, which could lead to smaller LHF (right side of the eddy in Fig. 1b).

The signi cance of CFB in eddy dynamics has been highlighted in studies using remote sensing data (Gaube et al., 2015)
and high-resolution coupled simulations (Eden and Dietze, 2009; Renault et al., 2016b). Ignoring atmospheric adjustments to

CFB might lead to an overestimation of eddy attenuation timescales and an underestimation of eddy amplitude and azimuthal
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Figure 2. (a) Major dynamical features of the western equatorial Atlantic (arrows) overlaid on the averaged sea-surface salinity (SSS) eld
from February 1%-19", 2020. The SSS eld is derived from the SMAP-SSS Level 3, version 4.0, 8-day running-mean gridded product
(Boutin et al., 2021). The black box delineates the EURECA region, which corresponds to the simulation domain used in this study. (b)
Sea oor depth from the simulation used in this study which is derived from the GEBCO 2020 global bathymetric dataset (Conejero et al.,
2024). The three boxes delineate the three sub-regions within the EURECA domain assessed in this paper: Amazon, Downstream anc
Tradewind and the black contour represents the 100 m isobath. Numbers 1 and 2 mark the locations of Trinidad and Tobago and a region
near Barbados, respectively. These geographical references, along with the Lesser Antilles marked in panel (a), are used throughout the mai
text. Detailed descriptions of the simulation used in this study and of the sub-regions follow in Sections 2 and 3 respectively.

speed. CFB might also shorten eddy lifetimes. Indeed, the observed composite life cycle reconstructed from satellite altimetry
in Renault et al. (2016b), consists of a rapid early intensi cation, a prolonged slow CFB-induced decay, and an abrupt collapse
at the end. This would imply that CFB systematically acts as an eddy-Kkiller, transferring energy from mesoscale eddies to the
atmosphere (Bye, 1985; Dewar and Flierl, 1987; Anderson et al., 2011; Oerder et al., 2018; Renault et al., 2016b). Furthermore,
an inaccurate representation of CFB in numerical models has implications for biogeochemistry. In oligotrophic regions,
mesoscale processes enhance the upward transport of limiting nutrients, supporting biological production (Martin and Richards,
2001; Gaube et al., 2013). In coastal upwelling systems, such as along the Californian coast, eddies modulate biological
productivity by subducting nutrients below the euphotic zone and advecting biogeochemical material offshore (Gruber et al.,
2011; Nagai et al., 2015; Renault et al., 2016a). Misrepresenting CFB may lead to an overestimation of nutrient quenching and
offshore transport, thereby impacting marine ecosystems by altering eddy amplitude, lifetime, and spatial extent.

As stated above, this paper is focused on the Northwest Tropical Atlantic. The ocean circulation in this region, particularly
near the Amazon River estuary, is dominated by the North Brazil Current (NBC), as illustrated in Fig. 2a. The NBC is a
strong western boundary current originating in the Equatorial and South Atlantic. ArodMdt&eparates from the coast,
forming the NBC retro ection, which feeds the North Equatorial Countercurrent. The NBC system is closely linked to two
major processes: the Amazon freshwater advection in the open-ocean (Reverdin et al., 2021) and the periodic formation of
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mesoscale eddies known as NBC rings (Johns et al., 1990; Richardson et al., 1994). These processes are interconnected,
NBC rings facilitate the offshore transport and the lateral spreading of the Amazon river plume induced by mesoscale advection
and smaller-scale instabilities (Reverdin et al., 2021; Olivier et al., 2022; Coadou-Chaventon et al., 2024) before coalescing and
dissipating due to their interaction with the complex topography near the Lesser Antilles (Fig. 2b, Subirade et al., 2023). This
results in strong spatial heterogeneity in sea surface salinity (SSS, Fig. 2a), which also in uences upper ocean temperature by
modulating strati cation. When low salinity dominates the upper-ocean strati cation, the ocean mixed layer (ML), the surface
layer in direct contact with the atmosphere, becomes shallower. This can lead to the formation of barrier layers (BLs), which
promote temperature inversions (Mignot et al., 2012; Mahadevan et al., 2016; Krishnamohan et al., 2019; Coadou-Chaventon
et al., 2024). In the presence of a BL, heat and momentum uxes remain con ned to the shallow ML, which responds more
rapidly to atmospheric forcing. Consequently, the ML cools more quickly in winter and warms more rapidly in summer due to
the inhibited exchange with deeper ocean layers (Miller, 1976; Sprintall and Tomczak, 1992). This leads to negative sea-surface
temperature (SST) anomalies relative to surrounding waters over the Amazon plume and, in turn, reduced LHF in boreal winter.
The opposite holds in boreal summer. However, the magnitude of this response remains debated. While observational studie:
suggest that BLs have a strong impact on SST (Pailler et al., 1999; Foltz and McPhaden, 2009), numerical models often fail to
reproduce this effect (Breugem et al., 2008; Balaguru et al., 2012; Hernandez et al., 2016).

The objective of this study is to investigate how these processes (TFB and CFB) together with the Amazon plume affect
LHF variations in the Northwest Tropical Atlantic, complementing previous research based on satellite/reanalysis products
(Fernandez et al., 2023) and in-situ observations (Fernandez et al., 2024). To achieve this, we utilize the high-resolution regional
coupled simulation described in Conejero et al. (2024) fully resolving the ocean mesoscale. Such a simulation provides a view
in three dimensions of both the ocean and the atmosphere, allowing for statistical robust results. This contrasts with satellite
observations, which only provide ocean or atmosphere surface elds. In-situ observations from vertical transects, in turn, do
provide high-resolution information about vertical structures, but they are sparse in time and space.

This research is conducted within the framework of the Elucidating the Role of Cloud-Circulation Coupling in Climate —
Ocean Atmosphere (EUREB-OA) (www.eurec4a.eu) and the Atlantic Tradewind Ocean-Atmosphere Mesoscale Interaction
Campaign (ATOMIC) (https://psl.noaa.gov/atomic/) eld experiments. The paper is structured as follows: Section 2 describes
the simulation con guration. Section 3 presents the methods used to analyze model data. The main results are discussed it
Section 4, followed by conclusions and future perspectives in Section 5.

2 Data

This study utilizes the EURECA ocean-atmosphere coupled simulation (Conejero et al., 2024). The ocean component is basec
on the Coastal and Regional Ocean COmmunity (CROCO) model (Shchepetkin and McWilliams, 2005; Debreu et al., 2012),
while the atmospheric component employs the Weather Research and Forecasting (WRF) model (Skamarock et al., 2008)
The two models are coupled via OASIS (Craig et al., 2017), which performs the grid interpolation and temporal averaging for

property exchanges between the two model components every hour. Speci cally, the ocean model provides SST and surface
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currents to the atmosphere, while WRF returns surface heat, momentum, and water uxes to CROCO. Further details on the
EURECA simulation con guration are available in Conejero et al. (2024).

The EURECA simulation spans from January 2019 to June 2020, though this study focuses on the January—February 202C
(JF) period. The CROCO domain extends from Bl%o0 15:5 N and 62 W to 52 W, with a horizontal resolution of 1 km. Initial
and lateral open boundary conditions are provided by the "Antilles" simulation, which employs the same coupled con guration
but at a coarser resolution over a larger domain, including parts of the Caribbean Sea (Conejero et al., 2025).

The WRF domain in EURECA is slightly larger than the ocean domain to mitigate sponge effects. The atmospheric model
runs at a horizontal resolution of approximately 2 km, with outputs available on 40 vertical levels. To analyze the rst 2000 m
of the atmosphere, these levels are linearly interpolated to uniform 100 m vertical spacing. Initial and boundary conditions,
provided by the "Antilles" simulation, are updated every 3 hours. Bulk formulations (Fairall et al., 2003) are used to estimate
freshwater and turbulent uxes, which are then fed into the ocean model. The CFB effect is implemented in both the surface
and planetary boundary layer schemes, following Renault et al. (2019a). WRF variables at multiple vertical levels are stored
every 3 hours, while surface variables are recorded hourly.

3 Methodology

Following Fernandez et al. (2024), we remove the diurnal cycle from all variables before analyzing LHF sensitivity to the
surface ocean. This is achieved by computing daily means from the WRF/CROCO outputs, and all subsequent calculations are
performed on these averaged variables. It is important to note that this procedure lIters out part of the ocean submesoscale
variability. Consequently, this paper deals exclusively with the ocean mesoscale. We brie y return to this point in Section 5.

All analyses are performed in four regions. First, we consider the full simulation domain, referred to as the EURECA domain
(5:5 15 N, 62 52 W). Additionally, we examine three distinct sub-regions: Amazonq7 N, 56 53 W), Downstream
(9 11 N,59 56 W) and Tradewind (1214 N, 58 52:5 W). Fig. 2b displays three boxes delineating the sub-regions.
The three subdomains are characterized by different ocean dynamics and air-sea interactions. The Tradewind sub-region
representative of the open ocean, is relatively quiescent, whereas the Downstream sub-region, closer to the coast, exhibit:
enhanced ne-scale ocean activity. In turn, the warm and fresh surface waters associated with the Amazon plume are advectec
into the Amazon sub-region as shown in following sections. These regional differences have been highlighted in previous
studies based on remote sensing and reanalysis data (Fernandez et al., 2023), as well as in-situ observations (Fernandez et :
2024). To ensure consistency with these studies we focus on the January—February (JF) 2020 period. In some cases, results a
only presented for February 2020 to highlight the impacts of the Amazon freshwater plume, which only arrives in Amazon by
mid-February; this is clearly indicated.

3.1 Coupling Coef cients

Following Renault et al. (2016b, 2019b) and Conejero et al. (2024), we estimate several air-sea coupling coef cients as the
statistically signi cant slope (determined via a two-sided t-test) of the linear regression between the binned distributions of
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Coupling Coef cient Description

Sw surface current vorticity and surface wind curl
S SST and surface wind magnitude

S SST and surface speci ¢ humidity

S SST and surface temperature

Table 1. Overview of the coupling coef cients.

mesoscale anomalies from two variables. For all coef cient calculations, we exclude mesoscale anomalies located on the
continental shelf (regions where the sea oor is shallower than 100 m, see Fig. 2b) and the Lesser Antilles (west\?f)60.25
as these areas can be affected by orography, land-sea interactions, and coastline effects (Desbiolles et al., 2014).

To compute mesoscale anomalies we use a combination of time and spatial Iters. In order to remove weather-induced
synoptic variability from the atmospheric variables (winds, speci ¢ humidity, and air temperature), we rst apply a 29-day
running mean as in Chelton et al. (2007); Renault et al. (2019b); Conejero et al. (2024). To isolate the mesoscale band, we
apply a band-pass isotropic Gaussian lter with a 50—250 km cutoff length (Renault et al., 2019b), to the 29-day running mean
dataset and keep the scales between 50 and 250 km. After performing the ltering for the whole EURECA domain, we select
the anomalies in Amazon, Downstream and Tradewind to operate on them separately.

To characterize the effect of surface currents on near-surface winds (CFB) we copyhi ®oupling coef cient between
surface current vorticity and surface wind curl anomalies (Renault et al., 2016b, 2019b). Note that, since mesoscale currents
are nearly in geostrophic balance (and therefore non-diverggneffectively isolates the CFB from the TFB at the mesoscale
(Renault et al., 2019b). Using, sthe CFB-induced wind anomahl.( cFs ) reads:

| |
U crs =Sw Uo; (1)
I I
whereU, stands for surface currents. Recall that crp is represented in orange arrows in Fig. 1b.
Finally, we also calculate the coupling coef cients of near-surface wind spggdnsar-surface speci ¢ humidity {$and
near-surface atmospheric temperatufg fgesoscale anomalies with respect to SST mesoscale anomalies. Table 1 provides a

1Bummary of the coupling coef cients described above.
3.2 LHF Sensitivity to SST and Surface Currents

To evaluate how LHF responds to SST and surface currents, we compute multiple LHF datasets using the COARE3.5 algorithm
(Edson et al., 2013). First, we calculate LbiFwhich represents the LHF dataset obtained using the atmospheric variables of
the rst WRF vertical level (surface winds, air temperature and speci ¢ humidity) together with SST. Note that we do not
consider relative winds (i.e. the difference between surface winds and surface currents) to computédéitonally, we

compute LHR g, which corresponds to LHF computed with the same variables ag,LH& smoothed with a Gaussian
low-pass Iter (cutoff length of 250 km). Again, we do not consider relative winds in the calculation of kHfther.
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We then apply the LHF downscaling algorithm developed by Fernandez et al. (2023). This algorithm has been shown to
improve LHF estimation by a factor of two in an ensemble of SST-forced WRF atmospheric simulations and allows to isolate
the contributions from the different LHF controling variables (i.e. surface winds, speci ¢ humidity etc) when the ocean SST
mesoscale effect in them is considered. Given a smoothed variapie),(we reconstruct a new dataset incorporating the
ner-scale SST features (yr ) as:

HR = R +S SST: (2

Here, SST represents the SST correction, which accounts for deviations of the high-resolution SST eld from the coarse
smoothed SSTs. To ensure that the domain-averaged SST correction is zero and that the area-weighted means of the variabl

remain conserved, SST is computed as:

SST= SST SST SSTir SSTir : 3)

Overbars denote the spatial average over the region of study. Thus, to computgsLhiFe statistically downscale each
of the variables driving LHF (surface wind, speci ¢ humidity air temperature and SST) using its corresponding coupling
coef cient, as detailed above, and we then apply COARE3.5 with the downscaled variables. Note that we do not use relative
winds for LHF4r either.

To isolate the thermodynamic contribution (i.e. LHF variations solely due to SST changes via modi cations of the saturation
speci ¢ humidity) to LHF sensitivity, we compute an additional LHF dataset, denoted asnkHF In this dataset, air
temperature and SST are downscaled, while wind speed remains with its smoothed value. The speci ¢ humidity required
to obtain LHRyerm is derived from the smoothed relative humidity and the speci ¢ humidity of saturation computed with
SSTyr Vvia the Clausius-Clapeyron equation. This ensures that the speci ¢ humidity variations for this LHF subset are only
due to SST mesoscale changes themselves without the effects of the atmospheric-induced modi cations of mesoscale SST
structures (i.e. entrainment of drier air from the free troposphere associated with DMM).

Moreover, we compute LHRemyu  to further distinguish, within the dynamic contribution, the effects of wind speed and
speci ¢ humidity. Recall that the dynamic contribution represents LHF changes associated with the mesoscale SST-induced
modi cations of the near-surface atmosphere (winds and speci ¢ humidity). Thus, indel#fo , air temperature, and surface
winds are downscaled, while speci ¢ humidity is obtained as in lydk . This means that the only change between LkIF
and LHRnermu IS that speci ¢ humidity in the latter is scaled maintaining relative humidity at its smoothed value whereas in
the former, speci ¢ humidity is downscaled with Eq. 2. Thus, Lty accounts for both the thermodynamic contribution
to LHF sensitivity to SST and the effect of SST-induced mesoscale surface wind changes.

Finally, to assess the contributions of surface currents in LHF variations, we consider two additional LHF datasgis. LHF
is computed using the original WRF variables in COARES.5, but replacing the rst vertical model-level wind speed with
relative winds. Thus, the difference LHf; LHF y represents the variations in LHF associated with the consideration of
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Name

Description LHF Dataset Difference

Total LHF sensitivity to mesoscale SSTThermodynamic plus dynamic contributions L LHF (g

anomalies

Thermodynamic contribution

Dynamic contribution

Thermodynamic contribution + winds

Effect of relative winds

Current feedback effect

LHF changes induced by SST mesoscale anomalies sbldBtherm LHF (R

through variations on the saturation speci ¢ humidity

LHF changes induced by mesoscale SST anomalies viaGoenparison between

modulation of surface winds and speci ¢ humidity LHFur LHF r and

LHFtherm LHF LR

LHF changes induced by the thermodynamic contribution plBerm u LHF (r

the fraction of the dynamic contribution associated with surface

winds

LHF changes induced by the consideration of relative wirddFqig LHF y

instead of surface winds when computing LHF

LHF changes associated with the current feedback-indit#fehig LHF nocrs

surface wind variations
Table 2. Processes targeted and corresponding LHF datasets used to isolate them.

relative winds instead of just surface winds when computing LHF. Meanwhile, Lt#g stands for LHF computed with

|
relative winds, but with the CFB-induced wind anomaly (ces , Eq. 1, represented in orange arrows in Fig. 1b) removed

component-wise. Hence, Lk

LHF nocrB

contains the CFB effect on LHF. Table 2 contains a summary of the different

processes targeted and the LHF dataset differences used to isolate them.

3.3 Mixed Layer Heat Budget

As shown later, the Amazon sub-region is crossed by the fresher Amazon River plume waters, which affect ocean strati cation

and the SST mesoscale anomaly eld in the sub-region. To provide a broader insight on the linkages between surface SST

anomalies and the processes leading to heat redistribution in the Amazon plume, we present a mixed layer heat budget analysi

in the Amazon sub-region. Based on observational studies in the region (Reverdin et al., 2021), we set the boundary of the

Amazon plume at the 35 psu isoline (Amazon plume waters < 35 psu).

The temperature equation, vertically integrated down to the mixed layer depth reads (Vialard and Delecluse, 1998):
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where angle brackets (hi) indicate integration down to the base of the mixed layer. To facilitate interpretation, the mixed
layer depth (MLD) is denoted as H in Eq. 4. In this equation, T represents the ocean temperature, u, v, and w denote the zonal,
meridional, and vertical currents, respectively, andi3 the temperature at the base of the mixed layer. The MLD is computed
using a density threshold criterion of =0:01 kg m® , following Gévaudan et al. (2021). This criterion yields MLD values
consistent with in-situ observations reported by Fernandez et al. (2024). In Eq.répf@sents the solar component of the
total heat ux, primarily shortwave radiation (SW)Fdenotes the fraction of solar radiation reaching the ML base.

Note that the ux sign convention differs when computing the MLD heat budget compared to the atmospheric convention:
uxes directed from the ocean to the atmosphere are considered negative, as they contribute to ML cooling. Finally, the
EURECA simulation employs the COARES3.0 bulk formulae (Fairall et al., 2003) to compute turbulent heat uxes (THFs). For
consistency, model-derived THFs are used when calculating the ML heat budget. However, we used COARE3.5 (Edson et al.,
2013) to assess LHF sensitivity to SST and surface currents. This does not lead to any inconsistency in the results, since we
always compare between LHFs computed with the same algorithm. In addition, we veri ed that the differences between both
algorithms are small compared to the LHF difference values obtained in this article.

Finally, the Residual term in Eq. 4 accounts for horizontal and vertical diffusion, as well as numerical errors associated
with the computation of the other terms. The reader is referred to Section A of the Appendix for further details on the most
appropriate way to compute the Residual to minimize numerical errors. Additionally, we explore various criteria to determine
whether vertical or horizontal diffusion dominates the Residual in Section B of the Appendix.

Another important quantity used to analyze the effects of water temperature in vertical strati cation is the base of the
isothermal layer (THERM). As in Gévaudan et al. (2021), we estimate it as the depth at which the water temperati€e is 0.2
lower than the 10 m depth level temperature. Therefore, the barrier layer thickness (BLT) results from the difference between
THERM and MLD. Finally, to quantify the relative importance of salinity in ocean strati cation, we use the Ocean Strati cation
Strength (OSS) indicator (Gévaudan et al., 2021; Maes and O'Kane, 2014):

Ng.
T (5)

Here, N’ represents the Brunt-Véaisala frequency, whifedénotes the Brunt-Vaiséla frequency computed using a constant

0SS =

representative temperature, allowing only for salinity variations. OSS values greater than 50% indicate that salinity dominates
over temperature in controlling ocean vertical strati cation.
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4 Results
4.1 Air-Sea Interface

Fig. 3 presents the JF 2020 mean state of different air-sea interface variables in the Northwest Tropical Atlantic. The shading
in Fig. 3a represents SST, highlighting a warm water stripe (> ZZ)3&long the South American coast, extending from the
southernmost coastal point in the domain to Trinidad and Tobago. To its east, a parallel cold SST band ¢ Bbt8ers

Trinidad and Tobago and extends northward towards the Lesser Antilles. Longitude-depth transects of seawater temperature
salinity and vertical velocity at different latitudes show that the sharp topography of the region where the cold SST band lies
(Fig. 2b) induces the surface upwelling of cooler deeper waters (not shown). Further offshore, SST values remain relatively
homogeneous (27C), although localized anomalies are observed, such as the warmer region to the east of the Amazon
subdomain. Contours in Fig. 3a show rst vertical level speci ¢ humidity, which is highest near the South American coast and
decreases towards the northeast.

Fig. 3b displays near-surface wind speed (contours), which varies between 7.5 and 8.2 Thes LHF spatial pattern
(shading) closely follows the SST distribution in Fig. 3a, with the highest LHF values (> 180 3\) mccurring over the
warm coastal stripe and in the open ocean, and the lowest values (< 10& Wlotated over the cold SST band extending
across the continental shelf. Other patches of relatively low LHF are observed offshore over cooler SSTs such as the ones wes
of Barbados.

To further characterize the atmospheric JF 2020 spatial pattern, Fig. 3c presents the MABLH (shading) and surface winds
(arrows). Consistent with the DMM mechanism, the shallowest MABL depths (< 500 m) align with the cold SST stripe,
whereas deeper MABL values occur over the open ocean, where SSTs and wind speeds are higher. The dominant wind directiol
shifts from easterly in the open ocean to northeasterly (trades) closer to the coast. Fig. 3d displays surface currents (arrows) an
SSS (shading). In the southeastern domain, strong northwesterly currents (NBC) advect a low-salinity patch (SSS < 35 psu),
whose shape and extent are modulated by local eddy-driven circulation. Finally, near Trinidad and Tobago, a second region
of enhanced surface currents exhibits a clockwise rotation, &,1%8 W. This eddy, which remains nearly stationary during
JF 2020, lacks a strong salinity signature at the surface. This signature is observed when studying its vertical structure (not

shown).
4.2 Coupling Coef cients

To assess the relation between SST/surface current anomalies and the near surface atmosphere at the mesoscale, we comp
the coupling coef cients as de ned in Subsection 3.1. Note that these coupling coef cients will be needed to statistically
downscale each of the LHF controlling variables (Eq. 2) in the following sections. Since the ocean dynamics is different
between sub-regions, we compute the coupling coef cients separately in EURECA, Amazon, Downstream and Tradewind.
Fig. 4, illustrates the value of the coupling coef cients and the binned linear regressions are displayed in Section C of the
Appendix.
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