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Abstract :   
 
GlobCurrent provides a variety of datasets aiming to describe global ocean circulation, especially when 
dealing with large-scale phenomena. It includes surface Stokes drift and geostrophic, Ekman, and total 
(geostrophic plus Ekman) currents. GlobCurrent uses the CNES-CLS13 mean dynamic topography 
estimation as well as data from sea surface drifters and wind reanalysis to improve the computation of 
ocean currents from altimetry data, which represents a significant advance in describing the total ocean 
current. The aim of this work is to compare the surface GlobCurrent estimates with a coupled ocean–
wave numerical simulation (POLCOMS-WAM), drifting buoys, and altimeter observations when dealing 
with a Tehuano event, i.e., intense (larger than 20 m s −1) and short duration (around 3–5 days) low-level 
winds blowing over the Gulf of Tehuantepec, Mexico. There is a good agreement between the wind-driven 
currents (Ekman currents plus Stokes drift) field from GlobCurrent and that estimated by POLCOMS–

WAM, with the largest magnitudes ∼0.8 m s−1 in the region influenced by the highest winds’ speed. The 
geostrophic circulation patterns in the Gulf of Tehuantepec are similarly reproduced by GlobCurrent and 
POLCOMS-WAM. However, some differences were observed in the presence of an anticyclonic eddy 
located in the western part of the study area. Numerical results exhibit a more symmetrical eddy with 
geostrophic current speeds that, in agreement with along-track observations, exceed the 1 m s−1. 
Instead, the geostrophic eddy in GlobCurrent shows velocities of about 0.8 m s−1. As observed through 
drifting buoys in 2000, numerical results show that the anticyclonic eddy west of the GoT has strong 
ageostrophic currents related to a cyclogeostrophic balance, which is not included in GlobCurrent. This 
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regional case study provides a guideline for future improvements of GlobCurrent products, in particular 
for the estimation of geostrophic and total currents. 
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mean dynamic topography estimation as well as data from sea surface
drifters and wind reanalysis to improve the computation of ocean currents
from altimetry data, which represents a significant advance in describing
the total ocean current. The aim of this work is to compare the surface
GlobCurrent estimates with a coupled ocean–wave numerical simulation
(POLCOMS–WAM), drifting buoys, and altimeter observations when
dealing with a Tehuano event, i.e., intense (larger than 20 m s −1) and
short–duration (around 3–5 days) low–level winds blowing over the Gulf of
Tehuantepec, Mexico. There is a good agreement between the wind–driven
currents (Ekman currents plus Stokes drift) field from GlobCurrent and
the estimated by POLCOMS–WAM, with the largest magnitudes ∼0.8 m
s−1 in the region influenced by the highest winds speed. The geostrophic
circulation patterns in the Gulf of Tehuantepec are similarly reproduced
by GlobCurrent and POLCOMS–WAM. However, some differences were
observed in the presence of an anticyclonic eddy located in the western
part of the study area. Numerical results exhibit a more symmetrical
eddy with geostrophic current speeds that, in agreement with along–
track observations, exceed the 1 m s−1. Instead, the geostrophic eddy in
GlobCurrent shows velocities of about 0.8 m s−1. As observed through
drifting buoys in 2000, numerical results show that the anticyclonic eddy
west of the GoT has strong ageostrophic currents related to a cyclo-
geostrophic balance, which is not included in GlobCurrent. This regional
case study provides a guideline for future improvements of GlobCurrent
products, in particular for the estimation of geostrophic and total currents.

Keywords: Globcurrent surface current products; Gap–wind; Gulf of
Tehuantepec; Geostrophic current; Ekman currents; Cyclogeostrophy;
Altimetry; Scatterometry

1 Introduction
One of the greatest challenges faced by the scientific community is to obtain
reliable estimates of sea surface currents around the world, either through
observations or numerical simulations. Realistic estimates of surface currents are
a fundamental tool for the improvement of fisheries, monitoring of plastics and
oil spills, development and operation of offshore structures, and even estimating
the drift of search and rescue objects. The first ocean current global records
were estimated from historical ship drifts and hydrographic data (Arnault,
1987; Richardson, 1989; Reverdin et al., 1994), with large space and time gaps
in the data set (Cheney et al., 1983). With the rise of satellite observations,
several studies were focused on reconstructing the sea surface currents from
satellite altimetry and surface wind fields. This idea is based on the Ralph and
Niiler (1999) work, in which it is mentioned that ∼80% of the ocean currents
variance can be explained through the linear combination of geostrophic and
Ekman currents. Lagerloef et al. (1999) obtained the first surface current speed
estimate from satellite–derived sea surface height and wind stress, as well
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as drifters data via a physically-based statistical model. Further ahead, the
OSCAR (Ocean Surface Currents Analysis Real Time; Bonjean and Lagerloef,
2002) and GECKO (Geostrophic and Ekman Current Observatory; Sudre
et al., 2013) products distributed sea surface current speed estimations, where
geostrophic currents are computed from the absolute dynamic topography,i.e.,
altimeter sea level anomalies (SLA) plus a mean dynamic topography (MDT)
estimation, and the Ekman currents from the SSMI (Special Sensor Microwave
Imager; Atlas et al., 1996). The main differences between both products are
related to the treatment of currents near the equator. Nevertheless, several
works (Maximenko and Niiler, 2006; Bakun, 2006; Penven et al., 2014; Douglass
and Richman, 2015) have shown that in the presence of strong mesoscale
eddies or current meanders, the geostrophic balance is no longer valid since the
centrifugal acceleration could be important, leading these structures to be in
cyclogeostrophic balance. Not including a cyclogeostrophic correction results
in an underestimation (overestimation) of the current velocities in mesoscale
eddies/meanders with negative (positive) vorticity (Maximenko and Niiler,
2006; Penven et al., 2014).

The GlobCurrent project has been funded by the European Space Agency’s
Earth Observation Envelope Programme, aiming to develop an operational
system to provide ocean currents data derived from a combination of remote
sensing, in-situ, and numerical model data. The GlobCurrent data repository
includes geostrophic and Stokes-drift currents at the surface, and Ekman
and total currents at the surface and 15 m depth. The main improvement
in GlobCurrent with other products lies in using the CNES–CLS13 MDT
(Mean Dynamic Topography; Rio et al., 2014) to calculate geostrophic currents.
Besides, GlobCurrent uses the synergy between a set of surface drifters and
atmospheric reanalysis data to estimate an empirical Ekman model that can
reproduce an Ekman–like spiral (Rio et al., 2014).

Diverse studies have aimed to validate the GlobCurrent dataset in order to
propose improvements in the methodology to compute the dynamic variables.
Feng et al. (2018) evaluate the surface GlobCurrent products in the North-
western Atlantic (Mid–Atlantic Bight and the Gulf of Maine) using current
profilers and high–frequency radars. The authors suggest that a refinement of
the mean dynamic topography could better represent the ocean dynamics near
the coast. Cancet et al. (2019) employed current profilers and drifting buoys
in order to assess the performance of GlobCurrent products in two regions of
Australia: the South–East, principally forced by the East Australian Current,
and the Joseph Bonaparte Gulf, forced by tides and wind–driven currents.
Their study states that GlobCurrent does not properly solve the dynamics of
the continental shelf due to the coarse resolution of the MDT and satellite
altimetry. Besides, the authors suggest that it is important to add a tidal–
current component in order to obtain more accurate estimates of total currents
in tidally–dominated regions.

The aim of this work is to analyse the capability of the GlobCurrent dataset
to reproduce the mesoscale ocean dynamics generated by strong mountain
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gap–winds (low—level winds that blow through a gap between mountains)
forcing in the Gulf of Tehuantepec (GoT), Mexico. Mountain gap–winds are
defined as jets of air that result from the combination of large–scale synoptic
forcing and the configuration of local topography. The analysis is carried out
by comparing the GlobCurrent dataset with the available observations and
results from a high–resolution numerical implementation of a 3D model that
includes wave–current interactions.

This paper is organized as follows. Section 2 includes a brief description
of the study region, whereas Section 3 describes the data used in this study
and details of the coupled model implementation. From Section 6 to section
7, the GlobCurrent products (Stokes drift and geostrophic, Ekman, and total
currents) are compared with observations and the numerical model results.
Finally, the conclusions are presented in section 8.

2 The Gulf of Tehuantepec
The Isthmus of Tehuantepec (Fig. 1), located in the southeast of Mexico,
extends from 93 to 96◦W and from 15 to 16◦N. It is a narrow region of the
Sierra Madre del Sur that separates the Pacific Ocean from the Gulf of Mexico.
In this region, the mountain range is about 2000 m above the mean sea level
and in the central part of the isthmus it breaks down into a broad plateau–like
ridge. The mean terrain altitude drastically drops to about 250 m, forming a
gap of approximately 40 km width known as Chivela pass. Mainly during the
winter season, the combination of atmospheric pressure differences between the
Gulf of Mexico and the Gulf of Tehuantepec, as well as this orographic feature,
produce strong gap–winds that can reach speeds higher than 20 m s−1 known
as Tehuanos or Tehuntepecers (Barton et al., 1993; Romero-Centeno et al.,
2003). This characteristic wind field spreads south–southwestward hundreds of
kilometers over the Pacific Ocean and can last from a few hours to several days.
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Fig. 1: Typical wind field in the Gulf of Tehuantepec under the presence of
a Tehuano event, as reproduced by the WRF model. The 2000 and 5000 m
contours of the ocean bathymetry are included. The black arrows indicate wind
vectors and the inner frame represents the area where the ocean dynamics are
analyzed.

The ocean response under these winds produces southward currents that
favor an intense upwelling. This condition promotes the transport of colder
water to the surface and generates a mesoscale asymmetric dipolar current field
(Barton et al., 1993; Trasviña et al., 1995; Amador et al., 2006; Santiago-García
et al., 2019). The mechanism of this asymmetric circulation pattern could be
explained by the gap–winds Ekman pumping, which produces a convergence
(divergence) to the right (left) along the region influenced by a Tehuano
event, and a downwelling (upwelling) that generate an anticyclonic (cyclonic)
eddy (Willett et al., 2006). Anticyclonic and cyclonic eddies are likely to be
propagated from the coast to the southwest and west, and anticyclonic eddies
are more common, larger, and intense compared with cyclonic ones (Müller-
Karger and Fuentes-Yaco, 2000; Palacios and Bograd, 2005). However, other
phenomena involved in the generation of eddies in the Gulf of Tehuantepec are
instabilities triggered by the mean flow (Liang et al., 2012) or by the propagation
of Kelvin waves along the coast (Zamudio et al., 2006). On the other hand,
Trasviña and Barton (2008) found that an anticyclonic eddy generated by gap–
winds in the Gulf of Tehuantepec continuously change its propagation speeds
by the influence of subsequent gap–wind events, confirming that the direct
action of gap–winds can induce important modifications in eddies properties.

With regard to the sea state, in the Gulf of Tehuantepec the presence of
swell from the southern Pacific Ocean is persistent during most of the year, but
during a Tehuano event, fetch–limited wave growth occurs and wind–waves
propagate in opposite direction to the incoming swell (Ocampo-Torres et al.,
2010).
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This study focuses on examining the response of ocean dynamics to the
most intense Tehuano event (northerly winds) during October 2010, which
occurs between the 13th and 19th of this month. Time series of wind and wave
parameters in a point located at the central part of the Gulf of Tehuantepec,
approximately 22 km offshore, are shown in Fig. 2, where can be observed that
the Tehuano reached, at that point, wind speeds of about 20 ms−1 (top panel),
producing waves with a significant height up to 5 m (bottom panel).

Fig. 2: Time series of wind and wave parameters (from WRF and POLCOMS–
WAM, respectively) at position (95.46W,14.93N). The wind speed is shown
in panel (a) and wind vectors and significant wave height are shown in panel
(b). The gray–shaded area corresponds to the Tehuano event selected for the
analysis.

3 Data
3.1 GlobCurrent dataset
This study makes use of the surface GlobCurrent v2 dataset, which is composed
of: geostrophic currents, Ekman currents, total currents (the linear combina-
tion of geostrophic and Ekman currents), and the Stokes drift. GlobCurrent
geostrophic velocity is calculated from a combination of altimetry, gravimetry,
and in situ data. Their improvement in the computation of geostrophic currents
is the use of a global CNES–CLS13 MDT generated by Rio et al. (2014). The
CNES–CLS13 MDT is the result of the synergy of multiple datasets, such as
Ssalto/Duacs delayed–time maps of altimeter height and geostrophic velocity
anomalies distributed by the Copernicus Marine Environment Monitoring Ser-
vice (CMEMS), an altimeter mean sea surface from Schaeffer et al. (2012) and
the latest version of a geoid model data from Bruinsma et al. (2013). The in
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situ data is composed of the Coriolis Ocean database ReAnalysis (CORA3.4),
the Yoshinari Maximenko Hacker (YoMaHa’07) dataset, and the Surface Veloc-
ity Program data distributed by the Surface Drifter Data Assembly Center
(SD–DAC). In addition, wind stress data from ERA–interim reanalysis is used.

In order to compute the CNES–CLS13 MDT, Rio et al. (2014) first calculate
the geodetic MDT by subtracting the geoid model from the mean sea surface,
and after that, an optimal filter is applied. The calculation of MDT is improved
by estimating the mean heights and mean geostrophic velocities from surface
buoy data. This is accomplished by removing the variability of sea surface
height and geostrophic currents from altimeter data, as well as empirical surface
Ekman currents and wind slippage from the undrogued drifters (Rio et al.,
2014). A low-pass filter is applied to the processed drifter data in order to
eliminate remaining ageostrophic currents, such as inertial oscillations and
tides. Finally, the geostrophic currents are calculated from the gradient of the
absolute dynamic topography, h, which is obtained as the sum of the CMEMS
sea level anomaly and the CNES–CLS13 MDT, to be subsequently merged
into a homogeneous grid.

The computation of the GlobCurrent Ekman currents is based on the model
proposed by Rio and Hernandez (2003); Rio (2012) and Rio et al. (2014), which
consist in a two–parameter (β(z), θ(z)) approximation:

uek(z) = β(z)τeiθ(z), (1)

where the β(z) and θ(z) parameters correspond to the amplitude factor and
the phase difference between ageostrophic currents and wind stress, respectively.
These parameters are computed by applying the least squares fit between the
ERA-Interim wind stress (τ ) and ageostrophic buoy currents. In order to con-
sider spatial and temporal variations of β(z) and θ(z), these parameters are
calculated in monthly windows and domains of 4◦ × 4◦ degrees. Ageostrophic
buoy currents at the surface are obtained by extracting geostrophic currents
from ARGO floats, where geostrophic currents are estimated using the absolute
dynamic topography from altimetry. Ageostrophic currents are mainly com-
posed of Ekman currents, but also by the contribution of inertial oscillations
and the Stokes–drift (Rio et al., 2014). In agreement with Lewis and Belcher
(2004), Rio et al. (2014) mention that by including the Stokes drift into the
Ekman current estimation, current deflections from 10◦ to 45◦ between the
surface currents and the wind stress are obtained. Since Ekman currents, iner-
tial oscillations, and the Stokes drift of locally generated waves depend on the
wind, we will refer to these as wind–driven currents.

Moreover, total currents in GlobCurrent are reconstructed as a linear
combination of the geostrophic and the wind–driven current (u = ugeo + uwd).

Regarding Stokes drift, this is a mass–transport velocity in the direction
of wave propagation occurring since individual particles in a progressive irro-
tational wave do not exactly describe closed paths (Longuet-Higgins, 1953).
Stokes drift velocity decays rapidly away from the surface, over a length scale
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known as the Stokes depth. In GlobCurrent the Stokes drift product is based
on the theoretical derivation by Huang (1971), and it is calculated using the
third moment of wave spectrum obtained from the global WAVEWATCH III®
model, as follows:

Us =

∫∫
2ωkS(ω, k)e2|k|zdkdω, (2)

where S(ω, k) is the directional wave energy spectrum. The contribution from
the high frequencies of the spectrum is included according to Rascle and
Ardhuin (2013). It is worth noting that although wave–current interactions
effects are not commonly important in open waters (Bolaños et al., 2011),
these can modulate sea surface waves in regions with strong boundary currents
(Abolfazli et al., 2020; Wang et al., 2020; Allahdadi et al., 2022; de León
and Soares, 2022), and the wave model used to estimate the Stokes drift in
GlobCurrent does not include the effects of surface currents on the evolution
of the wave spectra (Ardhuin et al., 2012).

3.2 CMEMS altimetry
This study makes use of sea surface height and geostrophic currents gridded
provided by the Copernicus Marine Environment Monitoring Service CMEMS
(2017), with daily temporal resolution and 1/4◦ horizontal resolution.

3.3 Satellite altimetry along–track sea level anomaly
Along–track sea level anomaly data from the Center of Topography of the
Ocean and Hydrosphere (CTOH; Birol et al., 2017) in Toulouse can be used to
compute geostrophic currents with higher accuracy. The X–TRACK processing
tool v2.0 from CTOH allows geophysical corrections for removing the aliasing of
tides and short-term atmospheric effects in the measurements. Following Birol
and Delebecque (2014), a low–pass filter with a 35–km cut–off is applied to the
along–track CTOH sea level anomaly in order to remove measurement noise.
Along–track altimeter has a sampling resolution of 1–Hz, allowing estimations
of sea level anomalies with a spatial resolution of about 1.3 km in the GoT.

3.4 Mean dynamic topography
Besides employing the CNES–CLS13 MDT, this work analyzes the performance
of a new MDT in the computation of geostrophic currents in the GoT, the
CNES–CLS18. A detailed description of the CNES–CLS18 product, as well as
the considerations of its development can be found in Mulet et al. (2021).

3.5 Drifting buoys
Standard surface drifters of the Tropical Ocean and Global Atmosphere–World
Ocean Circulation Experiment (TOGA–WOCE; Lumpkin and Pazos, 2007)
are used in this study to describe surface the GoT surface dynamics during
Tehuano events in June 2000 (Trasviña and Barton, 2008).
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3.6 The POLCOMS–WAM coupled system
The POLCOMS (Proudman Oceanographic Laboratory Coastal Ocean Mod-
elling System; Holt and James, 2001) is a tridimensional baroclinic B–grid
model that solves the hydrostatic, incompressible (Boussinesq) equations in a
spherical polar coordinate system and sigma levels in the vertical. A partic-
ular feature in this model is the solution of the advective terms based on a
Piecewise Parabolic Method (PPM), which handle the solution of sharp gradi-
ents in thermoclines and fronts at relatively low numerical diffusion (James,
1996). Details about the model and its validation in the northwest European
continental shelf can be found in Holt and James (2001).

The original set of POLCOMS equations was modified in order to include
wave–current interactions following the vortex–force formalism (McWilliams
et al., 2004; Ardhuin et al., 2008). The numerical model now solves the momen-
tum equation for the quasi–Eulerian velocity, (û, ŵ) = (u, w) − (Us, Ws),
where (u, w) are the components of the mean Lagrangian velocity and (Us, Ws)
are the components of the Stokes drift. In Cartesian (x,y,z) coordinates, the
set of governing equations that include wave–current interaction now read,

∂û
∂t

+ û ·∇û+ ŵ
∂û
∂z

+ f × û+
1

ρw
∇pH − ∂

∂z

(
KZ

∂û
∂z

)
= −f ×Us +Us ×ω −∇J ,

(3)
∂ζ

∂t
+ ∇ · u = 0, (4)

∂c

∂t
+ ∇ · (uc) +

∂wc

∂z
− ∂

∂z

(
KH

∂û
∂z

)
= 0. (5)

In (3), ∇ represents the horizontal differential operator, pH is the hydrostatic
pressure, f the Coriolis parameter, ρ the density, KZ is the eddy viscosity, ω
is the relative vorticity and J is the Bernoulli–head. The accelerations terms
associated with wave–current interactions included on the right–hand side of (3)
are the Stokes–Coriolis, the vortex–force, and the Bernoulli–head, respectively.
In the depth–integrated continuity equation (4), ζ is the sea surface elevation
and, in (5), c and KH are the concentration of a passive tracer and the eddy
diffusivity, respectively.

The eddy viscosity and vertical diffusivity parameters are estimated by
a κ–ε turbulence closure scheme using a version of GOTM (General Ocean
Turbulence Model; Burchard et al., 1999) embedded in POLCOMS. The closure
scheme solves an equation for the total kinetic energy (k̂) and an equation for
the dissipation rate of energy (ε),

∂k̂

∂t
+

∂

∂z
F (k̂) = P̂ + B + ε, (6)

∂ε

∂t
+

∂

∂z
F (ε) =

ε

k̂

(
cε1P̂ + cε3B + cε2ε

)
, (7)
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where F (k̂) and F (ε) depict the diffusive flux. The production of turbulent
kinetic energy includes the buoyancy (B), the currents vertical shear (P ), and
a parametrization of the Langmuir turbulence in terms of the Stokes drift
vertical shear (Ps),

P̂ = P + Ps, (8)

Ps = k̂z

(
∂û
∂z

+
∂Us
∂z

)
. (9)

The production of turbulent kinetic energy by Langmuir turbulence is added
to the κ–ε following Kantha and Clayson (2004).

The friction velocity, u∗ =
√

τ atm/ρw, which depends on the wind stress
τ atm, is used as a boundary condition to compute the momentum flux between
the atmosphere and the ocean,

Kz
∂u
∂z

∣∣∣
ζ=0

= u∗. (10)

The wind stress is generally parametrized by a bulk formulation that depends
on a drag coefficient CD, the wind speed vector referred to 10 m above the sea
surface, U10, and the air density, ρa,

τ atm = ρaCDU2
10. (11)

In the standard version of POLCOMS, a simple parametrization for CD that
depends only on the local wind speed is used (see for instance; Holt and James,
2001).

The WAM (WAve Modelling; Komen et al., 1996) model solves an action
balance equation in terms of the wave energy spectrum, F (σ, θ, x, y, t), as a
function of the relative frequency, σ, direction, θ, spatial coordinates, (x, y),
and time, t. In deep waters, the evolution of the energy spectrum is controlled
by three source terms: wind input (Sin), non–linear wave–wave interactions
(Snl), and white capping dissipation (Sds). The governing equation in the WAM
model reads,

∂F

∂t
+

∂cxF

∂x
+

∂cyF

∂y
+ σ

∂

∂σ

(
cσ

F

σ

)
+

∂

∂θ

(
cθF

)
= Sin + Snl + Sds (12)

where (cx,cy) represent the wave propagation velocity in the geographical space,
and (cσ,cθ) represent the wave energy propagation in frequency–direction space.
The wave propagation is affected by the inhomogeneous, unsteady, currents
and sea surface elevation fields. The expressions for the wave propagation
velocities can be found in Osuna and Monbaliu (2004).
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3.6.1 Coupling details
In the coupled version of WAM, the effects of currents on the wave energy
propagation are made dependent on the wave frequency, in such a way that the
current felt by a specific wave component represents a depth–averaged current
according to Kirby and Chen (1989). Information about the three–dimensional
Stokes drift, which is used in (3)–(5), and (6)–(7), is computed internally by
WAM taking into account the whole spectrum F (σ, θ, x, y, t) according to
Mellor (2003, 2005). No assumption about the vertical structure of the Stokes
drift is considered.

In the wave–current interaction model system, WAM also computes the
necessary information to consider a drag coefficient that depends on the sea
state. In this case, the parametrization proposed by Janssen (1991) is used so,

CD =
κ2

[ln (z/ze)]
2 , (13)

where κ is the von Karman constant and ze the effective roughness scale. This
dependence on the sea state is supported by the effective roughness scale, which
is computed as the combination of the roughness length scales associated with
gravity–capillary waves (z0) and gravity waves (z1).

ze = z0 + z1. (14)
The roughness length scale, z0, is calculated through the Charnock relation,

z0 = αu2
∗/g, (15)

where the Charnock parameter (α) is considered constant and equal to 0.144
(Janssen, 2004). Instead, the roughness length scale, z1, depends on the ratio
between the stress felt by the sea surface waves τ w and the wind stress τ atm,

z1 = z0

(
1√

1 − |τ w|/|τ atm|
− 1
)

. (16)

To better represent the surface ocean dynamics, Breivik et al. (2015) propose
that the stress felt by the currents, τ oc, needs to be computed from a realistic
balance of the momentum flux that takes into account the net stress that ends
up as ocean waves, τ̂ w, in such a way that,

τ oc = τ atm − τ̂ w, (17)
with τ atm computed as in (11), assuming (13)–(16), and τ̂ w obtained by
integrating the wave source terms:

τ̂ w = ρwg

∫ 2π

0

∫ ∞

−∞

(
Sin + Sds

)
c−1

p dσdθ, (18)

where cp is the phase speed of the wind waves.
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The wave–current interaction system, POLCOMS–WAM, allows for the
synchronous exchange of information between the wave model and the circula-
tion model (Osuna and Wolf, 2005). WAM is hard–wired to POLCOMS so both
models use the same bathymetry and wind data. The exchange of information
is carried out on a predefined time step and constrained to be a multiple of
the baroclinic time step. Details about the evolution in the development of the
coupled version of POLCOMS–WAM, as well as its validation, can be found
in Osuna and Wolf (2005), Bolaños et al. (2011), and Bricheno et al. (2013).
Although these works have focused more on the impact of wave–current interac-
tion on the sea surface waves at coastal regions, Bolanos et al. (2009) uses the
POLCOMS–WAM coupled system to successfully simulate the oceanographic
conditions over the Mediterranean Sea. Additionally, comparisons between
POLCOMS–WAM and observations carried out in this work show that the
coupled system is capable of reproducing the GoT ocean dynamics during
Tehuano events.

3.6.2 Models implementation
POLCOMS–WAM implementation for this experiment has a spatial resolution
of approximately 3–km. In the WAM model, the directional spectrum is dis-
cretized using 24 directions and 32 frequencies, with a logarithmic distribution
ranging from 0.037 to 0.716Hz. The coupled system is set to exchange informa-
tion every 20 min. The bathymetry data used for POLCOMS–WAM comes from
GEBCO (General Bathymetric Chart of the Oceans; https://www.gebco.net).
The initial and boundary conditions for POLCOMS are taken from HYCOM
(HYbrid Coordinate Ocean Model; Bleck, 2002; Chassignet et al., 2003) global
1/12o GLBu0.08 dataset. The boundary conditions for WAM are obtained from
a global implementation of WW3 (WaveWatch III®; The WAVEWATCH III ®

Development Group (WW3DG), 2016) forced with wind and ice coverage from
the CFSR (Climate Forecast System Reanalysis; Saha et al., 2010) dataset.

The atmospheric forcing for the coupled system is taken from a local
implementation of the Weather Research and Forecasting (WRF) model for the
Gulf of Tehuantepec region. The WRF is the first fully compressible conservative
form non-hydrostatic atmospheric model that solves the Euler equations, which
was designed for both research and operational applications. It uses a time-
split integration scheme in order to deal with meteorological acoustic modes,
allowing it to resolve from synoptic scaling processes to meter order processes
(Skamarock and Klemp, 2008). The physics package used in this implementation
is described in Passalacqua et al. (2016). The model implementation consists of
two nested domains. The first domain has a resolution of 12 km, covering the
Gulf of Mexico and the Gulf of Tehuantepec. The second domain covers the
GoT and has a spatial resolution of 4 km. The initial condition and boundary
forcing for WRF are obtained from the CFSR data set.

POLCOMS–WAM is used to reproduce the ocean dynamics in the Gulf of
Tehuantepec during the period from September 23 to October 29, 2010.
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3.6.3 Total currents decomposition
Stokes drift in POLCOMS–WAM is computed following Bolaños et al. (2011)
and the high–frequency contribution has been included according to Breivik
et al. (2014). The coupled system implemented in this work explicitly includes
the most relevant processes associated with the wave–current interactions for
the deep waters case and their effects on the wave spectral evolution.

Total currents simulated by POLCOMS–WAM results from the combination
between the quasi–Eulerian current and the Stokes drift (u = û+Us) since the
model solves the hydrostatic momentum equation by considering into account
wave–current interactions. In this way, total currents are conformed by the
geostrophic, wind–driven, and remaining ageostrophic currents:

utot = ûgeo + uwd + urageo (19)

The geostrophic currents from POLCOMS–WAM are calculated using the
geostrophic balance as a function of the ADT (h):

fẑû = −g∇h. (20)

It is worth noting that in order to eliminate ageostrophic processes in h, which
could introduce spurious geostrophic velocities, an inertial period low–pass
filter with a latitude dependency is applied.

In order to compute the surface wind–driven currents by POLCOMS–WAM,
a balance that includes Ekman currents with a dependence on the Stokes–
Coriolis force (Polton et al., 2005; Rascle and Ardhuin, 2009; Song, 2009), a
momentum flux balance that depends on the sea state (Janssen, 1991) and
inertial oscillations is used:

dû
dt

+ fẑ × (û + Us) =
∂

∂z

(
Kz

∂û
∂z

)
. (21)

The Stokes drift is added to the Ekman currents obtained by POLCOMS–WAM
since it is implicitly included in GlobCurrent. In this way, a fairer comparison
between the time average of both products during the Tehuano event can be
made (Fig. 5).

4 Stokes drift
The mean Stokes drift fields from GlobCurrent and POLCOMS–WAM during
the analyzed Tehuano event are shown in Fig. 3. The comparison of these results
shows a similar current pattern throughout the domain, with a southward
current with a maximum speed of about 0.1 m s−1 in GlobCurrent (Fig. 3a)
and about 0.2 m s−1 in POLCOMS–WAM (Fig. 3b) over the region influenced
by the Tehuano event. In terms of magnitude, it is evident that the POLCOMS–
WAM model presents higher speeds. This is due to the differences in the
wind forcing used in both cases since wave–current interactions do not play
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an important role in the modification of the Stokes drift during the Tehuano
event (less than 10%). However, several studies have shown that wave–currents
interactions can strongly modify sea surface waves in regions with strong
western boundary currents, e.g., the Gulf Stream and the Loop Current,
Kuroshio Current, and Agulhas Current (Abolfazli et al., 2020; Wang et al.,
2020; Allahdadi et al., 2022; de León and Soares, 2022).

Fig. 3: Surface Stokes drift averaged over the analyzed Tehuano event. GlobCur-
rent and POLCOMS–WAM estimations are shown in (a) and (b), respectively.

The average wind field obtained from the CFSR dataset and the one
computed from WRF dataset during the analyzed Tehuano event are shown
in Fig. 4. CFSR data is used as a forcing field to estimate Stokes drift in
GlobCurrent (Rascle and Ardhuin, 2013), while WRF model results are used
to force POLCOMS–WAM model. CFSR winds exhibit weaker wind speeds in
comparison with WRF, especially near the coasts of the GoT, where winds
reach speeds up to 18 m s−1 in WRF and about 13 m s−1 in CFSR. This implies
important differences in wind–wave growth and therefore in the calculation
of Stokes drift, as observed in Fig. 3. Winds greater than 18 ms−1 have been
observed near the coast by in–situ measurements (approximately 22 km) during
the intOA experiment (Ocampo-Torres et al., 2010), which are underestimated
by CFSR by about 40% (not shown). A detailed analysis of the impact of
wind underestimation at short fetch on the wave evolution in the Gulf of
Tehuantepec area will be presented elsewhere since this topic is beyond the
scope of this study.
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Fig. 4: Wind speed averaged over the analyzed Tehuano event. Results from
the CFSR dataset and the WRF model are shown in (a) and (b), respectively.

5 Wind–driven currents
A comparison between the averaged wind–driven currents from GlobCurrent
and POLCOMS–WAM is presented in Fig. 5. Spatial patterns of wind–driven
currents in both products exhibit broadly the same characteristics, with the
largest speeds (about 0.8 m s−1) between 12◦N and 16◦N. It is worth mentioning
that, according to Polton (2015), including Stokes drift in the Ekman balance
results in a better estimate of the direction of wind-driven currents. In the
POLCOMS–WAM implementation, the inclusion of Us in the estimate of wind–
driven currents induce differences of about 15◦ (not shown). However, it is
observed that the spatial distribution of wind–driven currents from GlobCurrent
is more homogeneous than the computed by POLCOMS–WAM, since the
numerical implementation is able to solve small–scale processes due to its
higher spatial resolution (∼3 km). In addition, wind-driven currents calculated
by POLCOMS-WAM over the Upper Gulf of Tehuantepec (between 0.50 and
0.65 m/s) are less intense than those estimated by GlobCurrent (0.8 m/s). A
numerical analysis of wave–currents interaction over the sea surface layer during
a Tehuano event that occurred in March 2005 (not included here) shows that
sea surface current speeds in the upper Gulf of Tehuantepec tend to decrease by
about 15%. This decrease in the sea surface speed is related to two processes:
on the one hand, a deflection on the Ekman profile due to the Stokes–Coriolis
force, while on the other hand, part of the wind stress is used to generate wind
waves in the coupled model (see equation 17). Moreover, numerical results
show the presence of wind–driven currents with strong speeds surrounding the
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anticyclonic eddy. This result could be related to the fact that in POLCOMS–
WAM the wind stress vertical diffusion depends on the vertical shear of the
quasi–Eulerian currents (right side of equation 21), whereas in the Ekman
theory formulation it is assumed that the vertical shear of currents is generated
principally by the wind. As a consequence, the Ekman currents computed by
POLCOMS–WAM could be contaminated by vertical shear associated with
non–Ekman currents.

Fig. 5: Mean wind–driven currents averaged over the analyzed Tehuano
event. Current vectors at the sea surface corresponding to GlobCurrent and
POLCOMS–WAM are shown in (a) and (b), respectively.

6 Geostrophic currents
The averaged geostrophic current field during the Tehuano event from GlobCur-
rent (Fig. 6a) shows a poleward current at ∼94◦W of about 0.4 m s−1 which
gives rise to a coastal current in the GoT (∼0.45 m s−1), and the presence of
a large anticyclonic eddy west of the GoT. The cyclonic eddy displays weaker
currents (∼0.9 m s−1) and an irregular shape, whereas in POLCOMS–WAM
the eddy shows current speeds of about 1.4 m s−1 and a more symmetrical
shape (Fig. 6b).
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Fig. 6: Surface geostrophic currents averaged over the analyzed Tehuano event
period. Results of GlobCurrent and POLCOMS–WAM are shown in (a) and
(b), respectively.

It is possible that the anticyclonic eddy velocities reproduced by POLCOMS–
WAM could be related to model biases. However, these differences could also
be associated with the lack of spatial and temporal resolution in altimetric
along–track arrays used to produce gridded products such as MDT or SLA
(Chelton et al., 2011; Amores et al., 2018; Archer et al., 2020). In order to
assess this, an approximation of the GlobCurrent ADT anomalies, h′ = h − h̄,
where h̄ correspond to the spatial average of h, are computed as the sum of
the CMEMS sea level anomaly and the MDT products CNES–CLS13 and
CNES–CLS18 (Fig. 7). In both cases, ADT anomalies exhibit values between
-0.16 and 0.28 m, indicating that CNES–CLS18 MDT does not seem to play an
important role in modulating the shape and intensity of the anticyclonic eddy.
However, currents east of the negative ADT anomaly tongue exhibit relevant
improvements. Here, the poleward current at ∼94◦W is better defined when
using the CNES–CLS18 MDT but also the coastal current east of the GoT.
POLCOMS–WAM results (Fig. 7c) are in better agreement with the results
obtained from CNES–CLS18.
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Fig. 7: Absolute dynamic topography anomaly corresponding to October
20, 2010. a) CMEMS as SLA plus CNES–CLS13. b) CMEMS as SLA plus
CNES–CLS18. c) POLCOMS–WAM. All figures include the CTOH along–
track trajectory corresponding to that date (diagonal stripe).

Filtered SLA estimations from an altimeter along–track from CTOH are
used as a reference to assess the differences in the ADT anomalies and the
geostrophic current speed between POLCOMS–WAM and GlobCurrent on
January 20, 2010. In order to compare with CTOH, sea level anomalies from
CMEMS are used to mimic GlobCurrent. The altimeter track is depicted in
Fig. 7, where can be observed that it crosses along the edge of the anticyclonic
eddy computed by POLCOMS–WAM since the eddy is shifted northward in
comparison with the anticyclonic eddy observed by GlobCurrent and CMEMS.
In spite of this, the along–track ADT (sea level anomaly plus CNES–CLS13
and CNES–CLS18 MDT) anomalies from CTOH and POLCOMS–WAM show
equivalent slopes across the eddy in comparison with the relatively weaker
CMEMS ADT anomalies (Fig. 8a).
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Fig. 8: Along–track absolute dynamic topography anomaly (a) and its corre-
sponding geostrophic currents component (b).

The component of the geostrophic current speed perpendicular to the
satellite track is then compared with the corresponding geostrophic currents
of the GlobCurrent, CMEMS, and POLCOMS–WAM (see Fig. 8b). It can be
observed that in the southern eddy edge, the CTOH geostrophic speeds are of
the same order as the computed by POLCOMS–WAM (∼0.8 m s−1). Besides,
the CTOH product shows velocities up to 1.2 m s−1 in the northern eddy
edge, showing that the geostrophic currents related to the anticyclonic eddy
in CMEMS and GlobCurrent are underestimated. In addition, as previously
mentioned, it can be observed that computing the ADT anomalies with the
CNES–CLS18 MDT does not show significant differences in the intensity of
the anticyclonic eddy geostrophic currents.

As suggested by Trasviña and Barton (2008), the underestimation of the
geostrophic current speed could be related to limitations in the spatial and
temporal resolution of the satellite tracks, the smoothness that results from
merging the altimeters data into a regular grid, and the variability that the
Tehuano winds induce on mesoscale eddies. The asymmetrical shape of the
anticyclonic eddy in GlobCurrent could be also associated with the lack of
spatial resolution in SLA gridded products resulting from the combination
of the satellite along–track data. This has been demonstrated for geostrophic
eddies in the North Atlantic Ocean and the Mediterranean Sea by Amores
et al. (2018). Through a reconstruction of synthetic SLA maps from realistic
numerical simulations, the authors have shown that gridded products resulting
from the merging of along–track altimetry data are potentially unable to
characterize the mesoscale variability. Additionally, the authors found that
artificially larger eddies can be produced from the lack of spatial resolution in
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combined satellite along–track data, promoting that clusters of small eddies
be aliased as larger ones.

In this context, an analysis of the variability that corresponds to 7 days (from
October 12 to October 18, 2010) of the GlobCurrent geostrophic currents under
the influence of the Tehuano event is shown in Figure 9. The analysis reveals
that the GlobCurrent product presents similar current patterns throughout
the 7 days (Figure 9a-c), with a higher standard deviation of about 0.2 m s−1

(Figure 9d).

Fig. 9: Evolution of the GlobCurrent geostrophic current speed from October
12 to October 18, 2010 (a–c), as well as their corresponding standard deviation
(d).

In contrast, the variability analysis in POLCOMS–WAM (Figure 10) shows
that the anticyclonic eddy travels westward and exhibits a larger time–space
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variability. This presents an elongated (∼0.72 of eccentricity) shape with higher
speeds (about 1.1 m s−1) in its southeastern region (Figure 10a). Afterward,
the eddy exhibits a symmetrical shape (∼0.86 of eccentricity) with higher
speeds (around 1.5 m s−1) in its eastern region (Figure 10b). Finally, the
eddy becomes asymmetrical (∼0.76 of eccentricity) and shows higher velocities
(about 1.5 m s−1) in its southeastern region (Figure 10c). Additionally, the
presence and evolution of small geostrophic structures can be observed around
the anticyclonic eddy (Figures 10a–c). The corresponding standard deviation
for the 7 days period of the POLCOMS–WAM geostrophic currents shows high
variability (about 0.6 m s−1) in the anticyclonic eddy periphery, as well as in
the southwest of the eddy (Figure 10d).

Fig. 10: Evolution of the POLCOMS–WAM geostrophic current speed from
October 12 to October 18, 2010 (a–c), as well as the corresponding standard
deviation (d).
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By comparing both GlobCurrent and POLCOMS–WAM results, it can be
inferred that the lack of spatial resolution in combined along–track satellite
data can produce larger eddies since small geostrophic structures can be
aliased as large mesoscale eddies (Amores et al., 2018). It is possible that a
better geostrophic current speed estimation could be obtained when the higher–
resolution altimetry mission SWOT (Surface Water and Ocean Topography)
be in operation, which will provide sea surface height observations down to
15–30 km in wavelength (Morrow et al., 2019).

7 Total and cyclogeostrophic currents
In order to assess the viability of reconstructing total currents as a combination
of geostrophic and wind–driven currents, a comparison between the recon-
structed total currents from GlobCurrent and POLCOMS–WAM is shown in
Fig. 11a and Fig. 11b, respectively. The mean surface currents of both products
show the following pattern: a northward geostrophic current around 94◦W,
which is affected by the wind–driven currents next to the coastline, becoming
a strong westward current (about 1 m s−1 in GlobCurrent and 1.2 m s−1 in
POLCOMS–WAM). This current converges with a geostrophic current gen-
erated by an anticyclonic eddy and produces a southwestward current that
is intensified by the wind–driven currents (about 1.4 m s−1 in GlobCurrent
and 1.7 m s−1 in POLCOMS–WAM). When this current pattern is compared
with the total currents from POLCOMS–WAM (Fig. 11c), it is possible to
observe the presence of intense currents (∼1.6 ms−1) in the anticyclonic eddy
that represent about 65% of the magnitude of the total currents (Fig. 11d).
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Fig. 11: Ocean currents averaged over the analyzed Tehuano event. The top
panels show the values computed at the sea surface by GlobCurrent (a) and
POLCOMS–WAM (b), using a linear combination of geostrophic and wind–
driven currents. Bottom panels indicate the values of the total currents (c) and
the residual ageostrophic (once wind–driven currents are subtracted) currents
computed by POLCOMS–WAM (d).

There is no doubt that a part of the overestimation in the eddy velocities
is related to model biases. However, although mesoscale eddies are considered
in geostrophic balance, there are eddies with strong rotational speed where
the advection, and in particular the centrifugal force, have the same order
of magnitude as the pressure gradient and the Coriolis force. This condition
is known as the gradient wind or cyclogeostrophic balance (Douglass and
Richman, 2015; Penven et al., 2014):
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û · ∇û + fẑ × û = −g∇η. (22)
By comparing the dominant terms in the momentum equation (Fig. 12), it

is readily apparent that the anticyclonic eddy is in cyclogeostrophic balance.
The acceleration of the centrifugal force is of the same order as the acceleration
of the Coriolis force (Fig. 12c and 12b, respectively) and in this particular
case, the centrifugal force acceleration shows a higher magnitude than the
acceleration of the pressure gradient force (Fig. 12a).

Fig. 12: Average of the main acceleration terms in the momentum equation
calculated by POLCOMS–WAM over the Tehuano event. The panels show the
accelerations corresponding to the pressure gradient (a), Coriolis (b), centrifugal
(c), and diffusion (d).
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How the gap–winds induce a cyclogeostrophic balance in the anticyclonic
eddies of the Gulf of Tehuantepec can be explained by the relative vorticity
of surface geostrophic currents (∇ × ûgeo) and the Ekman pumping ( 1

ρwf ∇ ×
τ ) produced by the Tehuano event (Fig. 13). Since the anticyclonic eddy
has a relative vorticity of about −3×10−5 s−1 (Fig. 13a) and due to the
fact that the Tehuano event produces an additional pumping of about −30
m/day over the anticyclonic eddy (Fig. 13b), it is proposed that the Ekman
pumping (with the same sign that the relative vorticity of the anticyclonic
eddy) could induce a cyclogeostrophic balance by increasing the rotation speed
and centrifugal acceleration of the eddy. This is in agreement with other
studies (Amedo-Repollo et al., 2019; Azevedo Correia de Souza et al., 2015)
that have demonstrated, through a vorticity balance, that the wind stress curl
generated by the interaction between wind jets and mountainous islands plays
an important role in the generation and evolution of eddies.

Fig. 13: Relative vorticity of surface geostrophic currents (a) and Ekman
pumping (b) averaged over the analyzed Tehuano event. The negative Ekman
pumping acting on the anticyclonic eddy is represented by the black contour
in figure (a). The position of the anticyclonic eddy is delimited by the black
contour in figure (b).

Notwithstanding, it is possible that this implementation of POLCOMS–
WAM could generate an overestimation in the wind stress since prescribed
atmospheric forcings are used as surface boundary conditions. Our model thus
omits any feedback mechanisms between the ocean and the atmosphere. Renault
et al. (2016, 2017) have demonstrated that the current feedback dampens the
ocean mesoscale activity when a spatially homogeneous wind blows over an
eddy, inducing a surface stress curl opposite to the eddy vorticity and a wind
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adjustment that counteract the surface stress reduction. These modifications in
the stress and wind curl are the result of a drag force that surface currents exert
over the atmosphere. This process leads to a decrease (increase) of the wind
stress and an increase (decrease) of the wind speed in the presence of surface
currents with the same (opposite) wind direction. Considering that over the
anticyclonic eddy the wind is not spatially homogeneous, with intense speeds at
the east decreasing to the west of the eddy, it can be suggested that the curl of
the gap–wind stress could produce a cyclogeostrophic balance by inducing an
Ekman pumping in the anticyclonic eddies, even if current feedback mechanisms
are considered. Nevertheless, full atmosphere–ocean coupled simulations and
field experiments are needed to quantify the current feedback and their effect
on the attenuation rate of the anticyclonic eddies in the Gulf of Tehuantepec.

7.1 Evidence of cyclogeostrophic eddies in the Gulf of
Tehuantepec

In order to show evidence of a cyclogeostrophic balance in mesoscale eddies of
the Gulf of Tehuantepec, data from two drift buoys used by Trasviña and Barton
(2008) to characterize the Costa Rica Coastal Current are used in this study.
The surface drifters were released in July 2000, a season of the year during
which gap–winds are commonly generated by a pressure gradient between a
low–pressure system in the Gulf of Tehuantepec and the westward displacement
and intensification of the Bermuda high–pressure system (Romero-Centeno
et al., 2003).

Figure 14a shows a time series of the wind speed (thin black line) computed
by CFSR in the location marked with a red triangle in Fig. 14b,c. Over the
month of July, 4 gap–wind events were detected (areas with gray colors in
Figs. 14a) that lasted between 3 to 5 days and reached speeds between 4 and 14
m s−1. In order to identify these events, the low–frequency wind speed (wind
speed with a period longer than one day; black thick line in Fig. 14a) larger
than 7 m s−1 (segmented black line in Fig. 14a) was used as a criterion.
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Fig. 14: Time series of the CFSR wind magnitude (thin black line) over July
2000 that correspond to the location marked with the red triangle in the lower
panels. The thick line in the upper panel shows the low–frequency variability
of the wind magnitude obtained by applying an inertial period low–pass filter.
The gray colored areas are included to identify four gap–wind events (top and
lower panels). The lowers panels represent the trajectories of buoys 21989 (b)
and 21339 (c). The ratio between centrifugal and Coriolis accelerations are
also included (colored dots), as well as the time–averaged CMEMS geostrophic
currents (black arrows) and 5.5 m s−1 wind speed isotach during the last gap–
wind event.

Buoys trajectories and the ratio between centrifugal and Coriolis acceler-
ations of the buoys are shown in Figures 14b,c and 14c, together with the
periods during which the gap–wind events occurred. The centrifugal acceler-
ation is computed as ûθ/R, where ûθ is the tangential velocity and R is the
radius of curvature. Also, both figures include the time–averaged geostrophic
currents from CMEMS (black arrows) during the last gap–wind event, as well
as the 5.5 m s−1 wind speed isotach from CFSR to delimitate the region that
is influenced by the last event. It is possible to observe that the buoys have
higher centrifugal accelerations when gap–wind events occur, accounting for
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up to 50% of the acceleration due to Coriolis force. The first gap–wind event
carries the buoys towards the anticyclonic eddy located at the west of the
Gulf of Tehuantepec. Then, during the last gap–wind event the buoys in the
anticyclonic eddy increase their centrifugal acceleration even in the regions
that are not forced by the gap–winds (west and northwest of the anticyclonic
eddy), suggesting that the gap–wind events enhance the rotation speed of the
eddies. These results show that anticyclonic eddies in the Gulf of Tehuantepec
can exhibit cyclogeostrophic balance when forced by gap–winds.

7.2 Improvement on the reconstructed currents
Several studies (Penven et al., 2014; Douglass and Richman, 2015) have demon-
strated the importance of including a cyclogeostrophic correction in currents
that are estimated from altimetry measurements of sea surface height. In order
to find a method that presents the most accurate cyclogeostrophic correction,
Penven et al. (2014) compare three different methods to better reproduce the
surface currents in the Mozambique Channel. The authors find that the itera-
tive method proposed by Arnason et al. (1962) and Endlich (1961), although
computationally expensive, produces better correction of surface currents by
reducing errors from 0.5 m s−1 to 0.1 m s−1 (relative errors from 50% to 5%).
The iterative method,

un+1 = ugeo +
k̂

f
× (un · ∇un) , (23)

uses the geostrophic currents (ugeo) as initial condition. Penven et al. (2014)
propose an iterative method where the solution of (23) is found using point–
by–point iterations until the residual |un+1 − un| becomes smaller than 0.01
m s−1 or starts to increase.

The cyclogeostrophic balance is computed from the GlobCurrent and
POLCOMS–WAM geostrophic currents following the methodology of Penven
et al. (2014). In the GlobCurrent, the cyclogeostrophic correction generates an
increase of between 20% and 35% (0.4 m s−1 and 0.65 m s−1, respectively) in
the reconstructed current (utotrcyc = ucyc + uwd) speed west and southwest of
the anticyclonic eddy (Fig. 15). As in GlobCurrent, POLCOMS–WAM also
exhibits reconstructed currents between 20% and 35% stronger when including
the cyclogeostrophic correction, reaching current speeds above 1.8 m s−1 in the
southeastern edge region of the anticyclonic eddy, and speeds above 0.8 m s−1 in
its northwestern edge region (Fig. 16b). In order to quantify the error resulting
from the reconstruction of the POLCOMS–WAM total currents by including
or excluding a cyclogeostrophic correction, a comparison between the total cur-
rents (utot) and the reconstructed currents with (utotrcyc = ûcyc + uwd) and
without (utotr = ûgeo + uwd) the cyclogeostrophic correction has been carried
out. Comparing the total currents with the reconstructed currents without the
correction (Fig. 16c), it is evident that the reconstructed currents underesti-
mate the velocities by up to 1.6 m s−1 (between 65% and 80% of the current
velocity) in the east and southwest regions of the eddy between its center and



Springer Nature 2021 LATEX template

Comparing GlobCurrent dataset with numerical results from a high–resolution implementation of the POLCOMS-WAM coupled system under a strong gap-wind over the Gulf of Tehuantepec 29

its edge. On the other hand, a comparison between the total currents and the
reconstructed currents that include the cyclogeostrophic correction (Fig. 16c)
shows that the reconstructed currents underestimate speeds by up to 1.4 m
s−1 (between the 55% and 70% of the current speed) in the same region.

Fig. 15: Time–averaged of the GlobCurrent reconstructed ocean currents with
(b) and without (a) the cyclogeostrophic correction, in addition to a comparison
between the products (c).

In spite of the decrease of the error when reconstructing the total currents
considering the cyclogeostrophic correction, Penven et al. (2014) obtain better
results when implementing the iterative method in the mesoscale eddies found
in the Mozambique Channel Ring. In their work, Penven et al. (2014) apply
the iterative method in high energetic eddies that reached current speeds of 2
m s−1, but with small centrifugal accelerations, attaining only up to a third of
the pressure gradient accelerations (Fig. 17a). For the case of the anticyclonic
eddy in the Gulf of Tehuantepec, the centrifugal acceleration is up to three
times larger than the pressure gradient acceleration (Fig. 17b) as a result of
the Ekman pumping that is generated by the Tehuano event.
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Fig. 16: Time–averaged of the POLCOMS–WAM reconstructed ocean currents
with (b) and without (a) the cyclogeostrophic correction, as well as a comparison
with the total currents (d and c, respectively).

Taking into account these differences in the eddies properties, a cyclo-
geostrophic correction can be applied to improve geostrophic currents derived
from altimeter products, as proposed by Penven et al. (2014). Nevertheless,
special care should be taken in regions with strong winds events, such as the
Gulf of Tehuantepec, where Tehuano winds can strongly force mesoscale eddies,
leading to a cyclogeostrophic balance dominated by the centrifugal force.
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Fig. 17: Diagrams of the forces that interact in a wind gradient balance for
an anticyclonic eddy in the northern hemisphere (modified from Penven et al.,
2014). a) Regular case. b) Anticyclonic eddy under the influence of strong
gap–wind conditions.

8 Summary and conclusions
This work analyzed the ability of GlobCurrent to reproduce the mesoscale
dynamics response during a gap–wind event in the Gulf of Tehuantepec, Mexico
between October 13 and October 19, 2010. To achieve this, the GlobCurrent
dataset is compared with altimetric and buoy observations, but also with a
high–resolution numerical results from the POLCOMS–WAM coupled system.

The numerical model results show that the estimation of Stokes drift in
the study area strongly depends on the wind field, especially in the near-shore
region. An underestimation of the wind speed, especially at short fetch, leads to
an underestimation of the wave field offshore, and therefore an underestimation
of the Stokes drift. Wind–driven current fields from GlobCurrent are well
reproduced by POLCOMS–WAM when considering the Stokes Drift in the
Ekman balance, indicating that wave–current interactions are important to
better reproduce wind–driven currents.

T here is a good agreement in the main circulations patterns in GlobCurrent
and POLCOMS–WAM, which consist of a poleward current around -94◦W
that turns into a northwestward coastal current east of the GoT. Besides,
both GlobCurrent and POLCOMS–WAM exhibit the presence of a large
anticyclonic eddy west of the GoT. Nevertheless, some differences between
GlobCurrent and the numerical results related to the magnitude and shape of an
anticyclonic eddy west of the study area are found. POLCOMS–WAM results
reproduce a more vigorous and more symmetrical eddy than the one reported
by GlobCurrent. Differences might be associated with the limited spatial and
temporal resolution of the satellite array measurements that GlobCurrent



Springer Nature 2021 LATEX template

32 Comparing GlobCurrent dataset with numerical results from a high–resolution implementation of the POLCOMS-WAM coupled system under a strong gap-wind over the Gulf of Tehuantepec

uses to compute geostrophic currents, in particular, to determine the shape
and intensity of the entire eddy. Future high–resolution measurements of sea
surface height from the SWOT altimetry mission could improve the geostrophic
product of GlobCurrent.

According to the total current fields calculated by GlobCurrent and the
numerical model results, it is found that most of the circulation patterns in
the Gulf of Tehuantepec during the Tehuano event can be obtained from the
linear sum of the geostrophic current fields and the Ekman currents. The
total current estimation of GlobCurrent could be improved by including a
cyclogeostrophic correction of altimetry gridded products through the iterative
method proposed by Arnason et al. (1962) and Endlich (1961), and tested by
Penven et al. (2014). However, cyclogeostrophic currents related to wind–forced
mesoscale eddies, together with other transient ageostrophic contributions (like
near-inertial motions; Ubelmann et al., 2021) are important limitations to be
overcome in the development of more accurate surface current products, as for
instance attempted within the ESA World Ocean Circulation (WOC) project.
Finally, the ocean response to gap–winds should be studied in other regions of
the world, for example, the Gulf of Genoa, the Hawaiian Islands, and the lee
of the Philippines region at the South China Sea.
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