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Abstract
The feedback induced by mesoscale wind stress-SST coupling to the ocean in the western
coast of South America was studied using the Regional Ocean Modeling System (ROMS). To represent the
feedback, an empirical mesoscale wind stress perturbation model was constructed from satellite observations,
and was incorporated into the ocean model. Comparing two experiments with and without the mesoscale
wind stress-SST coupling, it was found that SST in the mesoscale coupling experiment was reduced in the
western coast of South America, with the maximum values of 0.5 ℃ in the Peru Sea and 0.7 ℃ in the Chile
Sea. A mixed layer heat budget analysis indicates that horizontal advection is the main term that explains the
reduction in SST. Speciﬁcally, the feedback induced by mesoscale wind stress-SST coupling to the ocean
can enhance vertical velocity in the nearshore area through the Ekman pumping, which brings subsurface
cold water to the sea surface. These results indicate that the feedback due to the mesoscale wind stress-SST
coupling to the ocean has the potential for reducing the warm SST bias often seen in the large-scale climate
model simulations in this region.
Keyword: mesoscale air-sea coupling; western coast of South America; ocean model simulations; cooling
eﬀect; warm bias

1 INTRODUCTION
Mesoscale air-sea coupling is a salient process that
is prominent in the regions with energetic eddies and
fronts. It is often characterized by a positive correlation
between sea surface temperature (SST) perturbations
(SSTmeso) and wind stress perturbations (WSmeso) at a
typical length of 10–100 km. The inﬂuence of
mesoscale SST perturbations on the surface wind
stress was previously observed by Sweet et al. (1981),
who found that the magnitude of cross-front wind
stress increased when the wind passed from cold to
warm water in the Gulf Stream. Mesoscale air-sea
coupling is also characterized by a linear correlation
between wind stress divergence (curl) perturbations
(Curl(WS)meso)
and
downwind
Div(WS)meso
(crosswind) SST gradient perturbations downSSTmeso

(crossSSTmeso ) (Chelton et al., 2004, 2007). These
relationships have been veriﬁed by observations and
model simulations (Shaw et al., 1999; Chelton et al.,
2001; Bourras, 2004; O’Neill et al., 2005; Small et al.,
2008; Castelao, 2012; O’Neill, 2012).
The mesoscale air-sea coupling can be well
described by two mechanisms (Chelton et al., 2007;
Small et al., 2008; Chelton and Xie, 2010; Desbiolles
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et al., 2018; Gao et al., 2019). The ﬁrst is related to
downwind momentum transport. SSTmeso can modify
the turbulent mixing within the marine atmospheric
boundary layer, and then the downward momentum
transport is changed and generates advective
acceleration of near-surface wind from cool to warm
SST and deceleration of near-surface wind from warm
to cool SST. The second mechanism is related to the
sea level pressure adjustment. Observations show that
WSmeso in the upstream (downstream) of warm SSTmeso
is accelerated (decelerated) due to sea level pressure
anomalies above SSTmeso.
A strong eastern boundary upwelling exists in the
western coast of South America (Albert et al., 2010;
Oerder et al., 2015). The strong wind-forced upwelling
supplies rich nutrients in this region, producing a
productive ecosystem that provides much of the
world’s ﬁsh catch (Chavez et al., 2008). Furthermore,
this region plays an important role in the global
climate because of its eﬀect on the El Niño-Southern
Oscillation (Ma et al., 1996). Model simulations have
been a powerful approach to understand and predict
the upwelling system in this region and its climate
eﬀects. However, there is a consistent warm SST bias
in most of climate model simulations in this region
(Zuidema et al., 2016; Zhu and Zhang, 2018, 2019;
Zhang et al., 2020). This bias in the tropical ocean
may be aﬀected by cloud liquid water path and stratus
cloud coverage represented in atmospheric models,
which leads to an excessive amount of solar radiation
that is received at the sea surface (Ma et al, 1996;
Davey et al., 2002; Meehl et al., 2005; Huang et al.,
2007; Hu et al., 2011).
Note that strong mesoscale air-sea coupling occurs
in the western coast of South America because of
intense mesoscale eddy activities. Previous studies
have showed that mesoscale wind stress-SST coupling
can have important feedback to the atmosphere and
ocean (Zhang and Busalacchi, 2008; Hogg et al.,
2009; Frenger et al., 2013; Zhang et al., 2014; Zhang,
2014; Ma et al., 2016; Wei et al., 2017). Piazza et al.
(2016) showed the mesoscale coupling had an upscale
eﬀect on the tropospheric wind and storm in the Gulf
Stream. Particularly, as the change in wind stress curl
induced by mesoscale coupling can impact the Ekman
pumping, the mesoscale wind stress-SST coupling
can exert an important feedback to the upwelling
system, which may aﬀect SST in this region (Bakun,
1990; Jin et al., 2009; Albert et al., 2010; Gaube et al.,
2015; Seo et al., 2016). Indeed, Penven et al. (2005)
showed that the warm SST bias in climate models
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might be a consequence of their incapacity to
accurately resolve the nearshore upwelling and eddy
activities. Therefore, it is necessary to study the
feedback induced by the mesoscale air-sea coupling
to the ocean in this region, which may potentially
reduce the warm SST bias in many climate models.
Using a high resolution Weather Research and
Forecasting (WRF) and Nucleus for European
Modeling of the Ocean (NEMO) model, Oerder et al.
(2016) showed that WSmeso response to SSTmeso in the
western coast of South America was mainly attributed
to turbulent momentum transport in the atmospheric
boundary layer, with the coupling coeﬃcient between
WSmeso and SSTmeso in austral winter being larger than
that in austral summer. They also showed that the
intensity of mesoscale eddy activities was reduced if
the eﬀect of surface ocean current on the wind stress
was taken into account in the model (Oerder et al.,
2018). However, there are few studies focusing on the
feedback induced by the mesoscale wind stress-SST
coupling in this region. Therefore, we aim to study
the feedback induced by mesoscale wind stress-SST
coupling to the ocean in the western coast of South
America. As ocean-only models and coarse-resolution
climate models cannot adequately represent the
characteristics of mesoscale wind stress-SST coupling
(Bryan et al., 2010), we explore an empirical approach
to parameterize WSmeso from SSTmeso gradients, and
incorporate it in the ocean model to examine the eﬀect
on ocean simulation.
The paper is organized as follows: Section 2
describes the empirical wind stress perturbation
model, the ocean model and experimental
conﬁguration. Section 3 reports the feedback induced
by the mesoscale wind stress-SST coupling to the
ocean simulation in the western coast of South
America. Section 4 examines the processes by which
the mesoscale coupling impacts the SST, and Section
5 presents a summary.

2 METHODOLOGY
2.1 Observed data
The satellite data are used to quantify the mesoscale
SST-wind stress coupling relationship in this study.
The daily wind stress data are derived from Quick
Scatterometer (Quik-SCAT, Version 4) which are
launched from July 1999 to November 2009. The
AMSR-E SST data are available from June 2002 to
September 2011. For this study, we use the daily data
with spatial resolution of 0.25° for period from June
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2002 to November 2009. All of the data are obtained
from the Asia-Paciﬁc Data-Research Center (APDRC)
of the University of Hawaii.
2.2 An empirical wind stress perturbation model
A locally weighted regression (LOESS) method
(Cleveland and Devlin, 1988) is used to extract the
SSTmeso and WSmeso in the western coast of South
America. The mesoscale perturbations of a ﬁeld φ
(SST or wind stress magnitude) are deﬁned as
      , where  denotes the smoothed ﬁeld of φ,
which is derived from the LOESS method. The weight
function is a tri-cubic function:
W(m)=(1–m3)3, 0m1,

(1)

in which m=d/dmax, d is the distance between target
point and a surrounding point, dmax is the maximum
distance between target point and each point in the
spatial ﬁlter window.
The regression function is
g(x, y)=α1+α2x+α3x2+α4xy+α5y+α6y2,

(2)

in which x and y denote the coordinates relative to the
target point. α1 equals  by minimizing the objective
function wi(gi–fi)2, in which f denotes the data at
each point.
The magnitude of the derived perturbations
depends on the half-span parameter used in the
LOESS method. In order to extract the mesoscale
perturbations eﬃciently in the western coast of South
America, the half-span parameter is taken as 10°
according to previous results (Cui et al., 2020).
To determine WSmeso eﬀectively for use in the
ocean model, the Tikhonov regularization method is
used to calculate WSmeso from the Curl(WSmeso) and
Div(WSmeso), which are approximated from modeled
downSSTmeso and crossSSTmeso using their empirical
relationships obtained from satellite observations.
Details of the method can be found in Wei et al. (2017,
2018) and Cui et al. (2020).
2.3 Ocean model
The ocean model used in this study is the Regional
Ocean Modeling System (ROMS) version 3.4. ROMS
is a three-dimensional, free surface and terrainfollowing numerical model. It solves hydrostatic and
primitive equations using a short time step for the
surface elevation and barotropic momentum
equations, and a longer time step for 3D temperature,
salinity and baroclinic momentum equations (Song
and Haidvogel, 1994; Shchepetkin and McWilliams,
2005). ROMS provides several schemes for mixing
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parameterizations. This study takes the harmonic
mixing scheme for horizontal mixing and the Mellor/
Yamada Level-2.5 closure parameterization scheme
for vertical mixing (Wajsowicz, 1993). Horizontal
tracer and momentum advection are treated using a
third-order upstream discretization scheme. The
vertical advection is evaluated using the fourth-order
centered discretization scheme. Details of the ROMS
computational algorithms are described by
Shchepetkin and McWilliams (2005).
To resolve the mesoscale phenomenon in the
region and its interactions with basin-scale ocean
circulation in the tropical Paciﬁc, we conﬁgured a
nested modeling system using ROMS with two
diﬀerent domains at high and low spatial resolutions,
respectively. The larger domain covers the whole
tropical Paciﬁc from 35°S to 35°N and from 100°E to
70°W with a horizontal grid resolution of
1/2°×1/2°cosΦ (Φ is latitude). The small inner domain
extends from 30°S to 0°N and from 95°W to 70°W in
the western coast of South America; the horizontal
grid resolution of inner domain is 1/8°×1/8°cosΦ (Φ
is latitude). In the vertical direction, there are 40 levels
(s-coordinate) of the inner domain with higher vertical
resolution near the surface and bottom (Song and
Haidvogel, 1994; Haidvogel et al., 2008). The bottom
topographies in both domains are obtained from the
Global 2-min Gridded Topographic Data ETOPO2.
The ETOPO2 data set was generated from a digital
database of seaﬂoor and land elevations, which
includes the satellite altimeter data, shipboard echosounding measurements, and data from global digital
elevation model. Note that the eastern boundary is
closed and other three (northern, southern, and
western) boundaries are open for both the domains.
The depth ranges from 75 m to 5 000 m. To make
long-term integrations more stable, radiation-nudging
boundary conditions are used with a 360-day time
scale for outﬂow and 3-day time scale for inﬂow. The
time steps are 30 s for the 2-D barotropic equations,
and 300 s for the 3-D baroclinic equations.
The Quik-SCAT monthly mean surface wind ﬁelds
during 2003–2008 are used to force the ocean model.
Air-sea ﬂuxes are calculated by the bulk formulae
from atmosphere parameters (the National Center for
Environmental Prediction (NCEP) reanalysis product
during 1985–2015, including monthly mean relative
humidity, solar shortwave radiation, longwave
radiation, precipitation, surface air pressure, and
surface air temperature). The initial and boundary
conditions for the larger-domain model are speciﬁed
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Fig.1 Spatially high pass ﬁltered AMSR-E SST (a) and Quik-SCAT wind stress (b) magnitude in April 2007

from the World Ocean Atlas 2009 (WOA2009), which
is a set of objectively analyzed climatological
hydrographic data for ocean parameters from 0 m at
the surface to 5 500 m at the bottom. The largerdomain model is run for 30 years and its monthly
mean outputs provide initial and boundary conditions
for the inner-domain model. The inner-domain model
is also run for 30 years to get a quasi-equilibrium state
of 3-D velocity, temperature, and salinity, as well as
the 2-D sea surface elevation.
2.4 Sensitivity experiment
To assess the feedback due to mesoscale coupling
to the ocean in the western coast of South America,
four experiments are designed. The ﬁrst experiment is
a control one with model settings described above.
The second one is the mesoscale coupling experiment,
in which the eﬀect of mesoscale coupling is included
by calculating the WSmeso from its empirical model in
ROMS. The WSmeso is derived from Curl(WSmeso) and
Div(WSmeso) which are approximated from modeled
downSSTmeso and crossSSTmeso at each time step. Then,
the mesoscale wind speed perturbation (WSPDmeso) is
obtained from the WSmeso and added to the monthly
mean wind speed, which modiﬁes the surface wind
stress and heat ﬂux based on the bulk formula.
Other two experiments are designed to investigate
the separate feedback of mesoscale coupling to the

ocean associated with heat ﬂux and momentum ﬂux,
respectively. They are referred to as the HF-feedback
experiment (only the inﬂuence of WSPDmeso on
surface heat ﬂux (HF) is considered) and the MFfeedback experiment (only the inﬂuence of WSmeso on
surface wind stress (momentum ﬂux; MF) is
considered), respectively.
These four experiments all start from the beginning
of the 31st year of model simulation, and are run for
10 years to investigate the eﬀect of mesoscale air-sea
coupling on long-term mean ocean simulations.

3 FEEDBACK DUE TO MESOSCALE
COUPLING TO THE OCEAN
3.1 Simulated mesoscale SST and wind stress
perturbations
Figure 1 shows mesoscale perturbation ﬁelds of
AMSR-E SST and Quik-SCAT wind stress magnitude
in April 2007. The ﬁeld of WSmeso magnitude is highly
consistent with that of SSTmeso, and the wind slows
down over cooler waters and speeds up over warmer
waters. It is evident that the LOESS method can isolate
the mesoscale signals eﬃciently from the large-scale
background ﬁeld. Figure 2a–b shows the simulated
long-term mean SSTmeso and WSmeso in the western
coast of South America, respectively. It is clearly seen
that the characteristic SSTmeso and WSmeso features in
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Fig.3 The coupling coeﬃcients between wind stress and SST perturbations in observations (Quik-SCAT wind stress and
AMSR-E SST data during 2003–2008) (a) and ROMS model simulation (b)
The black dots and vertical bars indicate the medians and interquartile ranges in each bin.

observations can be well captured. The regions with
large SSTmeso are in the nearshore area of Peru Sea and
Chile Sea both in the observations and simulated
outputs. The reconstructed WSmeso is closely related to
that of simulated SSTmeso (Fig.2a–b). As shown in
Fig.3, the coupling coeﬃcient between SSTmeso and
WSmeso in simulation (0.007 6 ℃/(N/m2)) is nearly
equal to that in observations (0.006 5 ℃/(N/m2)).
These results indicate that WSmeso can be well

represented from the SSTmeso using the empirical
model calculated by the Tikhonov’s regularization
method.
3.2 Feedback to SST
To diagnose the feedback induced by mesoscale
coupling on SST, the mesoscale coupling experiment
(described in Section 2.4) is conducted. Figure 4
shows the mean SST diﬀerence between the two
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experiments. Obviously, SST is reduced in the
oﬀshore areas of the Peru and Chile Sea in the
mesoscale coupling experiment. The reduced
maximum values of SST can reach 0.5 ℃ in the Peru
Sea and 0.7 ℃ in the Chile Sea. It is worth noting that
there is positive SST diﬀerence in nearshore sea area.
The physical processes that lead to the SST
diﬀerence are examined by the mixed layer (ML) heat
budget analysis. The mixed layer depth (MLD) is
deﬁned as the depth at which the density increases by
0.125 kg/m3 from the sea surface (Chelton et al.,
2007). The vertically averaged ML heat budget
equation is derived from the conservation of
temperature equation:

a
Q
Q

 -va  a  we 
 net  diff ,
t
 z C p h C p h

h
 v- h  h  w- h ,
t

(4)

in which w-h is the vertical velocity at the bottom of
the mixed layer. Qpen is calculated by:
h
h


Qpen  Qshort  0.58e 0.35  0.52e 23  ,



(5)

in which Qshort is the shortwave radiation, and Qdiﬀ is
the diﬀusive heat ﬂux at the bottom of ML:
Qdiff  -  C p K z


,
z

2
1.6

5°

1.2
10°

0.8
0.4

15°

0
-0.4

20°

-0.8
-1.2

25°
-1.6

(3)

where h is MLD; T and v are temperature and
horizontal currents; subscript a represents quantities
that are vertically averaged between the surface and
h; ρ is the density of seawater; Cp is heat capacity of
sea water; Qnet is the diﬀerence between downward
surface heat ﬂux and shortwave radiation transmitted
through the bottom of ML Qpen; we is entrainment
velocity across the bottom of ML, calculated by:
we 
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(6)

in which Kz is the function of Richardson number.
Details of the computation of heat budget in the ML
were described by Huang et al. (2010).
The left-hand side of Eq.3 is the ML temperature
tendency, which is determined by terms on the righthand side. The ﬁrst term on the right-hand side is the
horizontal advection caused by depth-averaged
current. The second term is the vertical entrainment.
The third and fourth terms are the adjusted surface
heat ﬂux and vertical heat diﬀusion at the bottom of
ML, respectively. Figure 5 shows the diﬀerences in
each heat budget term between the mesoscale coupling
experiment and control experiment. The diﬀerence in

SST difference (°C)

790

-2
30°
S W 90°

80°

70°

Fig.4 The mean SST diﬀerence between the mesoscale
coupling experiment and control experiment

temperature tendency is not coherent and thus is not
shown. The horizontal advection and surface heat ﬂux
are the main terms that explain the diﬀerence in SST
(Fig.5a–b). The horizontal advection tends to decrease
the SST in the oﬀshore area and increase the SST in
the nearshore area, which is consistent with SST
diﬀerences induced by the feedback of mesoscale
coupling. The surface heat ﬂux has an opposite eﬀect
to the SST diﬀerence. The contributions of vertical
entrainment and vertical heat diﬀusion terms are
relatively small. They tend to damp the positive SST
diﬀerence in the nearshore of Peru Sea (Fig.5c–d).
To further analyze the contribution of surface heat
ﬂux term to SST, the diﬀerences in latent heat ﬂux,
upward longwave radiation and sensible heat ﬂux
between the mesoscale coupling experiment and
control experiment are presented in Fig.6. The latent
heat ﬂux is aﬀected by wind speed and the temperature
diﬀerence between the atmosphere and ocean surface
based on the bulk ﬂux formulae. As shown in Fig.6a,
the diﬀerence in latent heat ﬂux is closely related to
that in SST (Fig.4), which means the eﬀect due to the
SST diﬀerence on latent heat ﬂux is more important
than wind speed in this region. The changed upward
latent heat ﬂux in turn acts to damp the SST diﬀerence.
The similar results are found in upward longwave
radiation and sensible heat ﬂux (Fig.6b–c). It can be
concluded that surface heat ﬂux mainly acts to damp
the SST diﬀerence in the western coast of South
America; a similar case can be seen in the Kuroshio
extension (Wei et al., 2017).
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3.3 Feedback to ocean current
Figure 7 shows the long-term mean horizontal
current in the control experiment and their diﬀerences
between the mesoscale coupling experiment and
control experiment. The results are vertically averaged
in the mixed layer. Because of the strong westward
wind, there is strong zonal oﬀshore current in the
western coast of South America (Fig.7a). The
meridional current is northward in the nearshore area
(Fig.7c). The mesoscale coupling exerts a profound
feedback to horizontal current. Consistent with the

negative WSmeso induced by negative SSTmeso in the
nearshore sea, the meridional and zonal current
velocities are both weakened in these regions (Fig.7b
& d). As the diﬀerence in SST is mainly determined
by horizontal advection, the weakened horizontal
currents in the nearshore sea is responsible for the
positive SST diﬀerence.
The long-term mean vertical current component in
the control experiment and its diﬀerence between the
mesoscale coupling experiment and control
experiment are shown in Fig.8. The results are
vertically averaged in the mixed layer. The vertical
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ﬂow is upward in the nearshore sea area and downward
in the oﬀshore sea area (Fig.8a). When the feedback
induced by mesoscale coupling to the ocean is

incorporated into the model simulation, it is obvious
that upward vertical velocity is strengthened in the
nearshore sea (Fig.8b). Previous studies have found
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that Ekman pumping can be modulated by the curl of
WSmeso especially in the region with intense mesoscale
eddy activities (Gaube et al., 2015; Seo et al., 2016;
Seo, 2017). To examine whether the diﬀerence in
vertical velocity is related to the Ekman pumping
induced by curl of WSmeso, the diﬀerence in wind
stress curl between the mesoscale coupling experiment
and control experiment is given in Fig.8c. It shows
that the diﬀerence in vertical current is consistent
with that in wind stress curl, indicating the diﬀerence
in vertical velocity is mainly attributed to the
diﬀerence in Ekman pumping induced by curl of
WSmeso. In summary, the ocean current velocity is
substantially aﬀected by mesoscale coupling in the
western coast of South America. The strengthened
Ekman pumping can bring subsurface cold water to
the sea surface and lead to the cooling of SST.
3.4 The seasonality of the feedback eﬀect
The feedback eﬀect of mesoscale wind stress-SST
coupling on the ocean displays seasonal variation.
Figure 9 shows the diﬀerences in SST between the
mesoscale coupling experiment and control experiment
in four seasons. The diﬀerence in SST is relatively
large in austral summer (February–April) and small in
austral winter (August–October). By analyzing heat
budget terms in the ML, it is found that the cooling
tendency in SST is attributed to horizontal advection,
vertical entrainment, and vertical heat diﬀusion both
in austral summer and winter. The contributions of
horizontal advection, vertical entrainment, and vertical
heat diﬀusion terms in austral summer are larger than
those in winter. The vertical velocity diﬀerences
induced by feedback of the mesoscale coupling in four
seasons are given in Fig.10. As discussed above, the
diﬀerence in vertical velocity is mainly attributed to

Ekman pumping induced by curl of WSmeso. Thus, the
diﬀerence in vertical velocity is consistent with that in
WSmeso curl in all seasons (not shown). Figure 10 also
shows the upwelling in the oﬀshore area of Peru Sea in
austral winter is weaker than that in summer. The
weakened upwelling reduces the transport of
subsurface cold water to sea surface, which can be one
factor inducing the less cooled SST in austral winter.

4 SENSITIVITY EXPERIMENT
We have shown that the incorporation of mesoscale
coupling into the model can lead to SST diﬀerence in
the western coast of South America. The diﬀerence in
SST can be determined by momentum ﬂux (MF) and
heat ﬂux (HF), since mesoscale wind forcing can alter
the surface wind stress and surface heat ﬂux directly.
To examine the way by which the mesoscale coupling
impacts the SST, the HF-feedback experiment (only
the inﬂuence of WSmeso on surface heat ﬂux is
considered) and MF-feedback experiment (only the
inﬂuence of WSmeso on surface wind stress is
considered) are conducted (Table. 1), and results are
presented in this section. Details of two experiments
are described in Section 2.4.
Figure 11 shows the diﬀerences in SST between
the two sensitivity experiments and control
experiment. In the MF-feedback experiment, the
reduced maximum values of SST are about 0.5 ℃
both in Peru Sea and Chile Sea (Fig.11a). In the HFfeedback experiment, the regions with large diﬀerence
in SST are mainly in the Chile Sea with maximum
reduced value being about 0.3 ℃ (Fig.11b). The SST
diﬀerence between the mesoscale coupling experiment
and control experiment is generally a sum of the SST
diﬀerences between the two sensitivity experiments
and control experiment. Heat budget analysis also
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Table 1 The wind forcing speciﬁcations in the four
experiments
Experiment

Wind stress

Wind speed

Control experiment

WSclim

WSPDclim

Mesoscale coupling experiment WSclim+WSmeso

WSPDclim+WSPDmeso

HF-feedback experiment

WSclim

WSPDclim+WSPDmeso

MF-feedback experiment

WSclim+WSmeso

WSPDclim

indicates that the SST diﬀerence is mainly determined
by horizontal advection and surface heat ﬂux in both

the sensitivity experiments.
In addition, the diﬀerences in sea surface heat ﬂux
between the two sensitivity experiments and control
experiment are shown in Fig.12. The latent heat ﬂux
is aﬀected by wind speed and temperature diﬀerence
between the atmosphere and ocean surface. As wind
speed is not allowed to be aﬀected by wind speed
perturbations due to SSTmeso in MF-feedback
experiment, the diﬀerence in latent heat ﬂux is well
related to that in mean SST (Figs.11a & 12a). The
similar results are found in the upward longwave
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radiation and sensible heat ﬂux (Fig.12b & c). In HFfeedback experiment, the diﬀerence in latent heat ﬂux
(Fig.12d) is mainly determined by wind speed
perturbations induced by SSTmeso, whereas the
diﬀerences in upward longwave radiation and sensible
heat ﬂux are mainly determined by mean SST
diﬀerence (Fig.12e & f).

5 CONCLUSION AND DISCUSSION
In this work, the feedback eﬀect induced by the
mesoscale wind stress-SST coupling on the ocean in

the western coast of South America is investigated by
numerical simulations. Firstly, according to the
coupling
relationships
between
Div(WSmeso)
(Curl(WSmeso)) and downSSTmeso (crossSSTmeso) derived
from the satellite data, Div(WSmeso) and Curl(WSmeso)
are obtained from SST gradient perturbations simulated
from the ROMS. Then, WSmeso is derived from
Div(WSmeso) and Curl(WSmeso) by the Tikhonov
regularization method and incorporated into the ROMS
to represent its eﬀect on the ocean. After including the
feedback of mesoscale wind stress-SST coupling in the
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ROMS, SST can be reduced in the oﬀshore area of the
Peru and Chile Sea. The maximum reduced values can
reach 0.5 ℃ in the Peru Sea and 0.7 ℃ in the Chile Sea.
Based on the mixed layer heat budget analysis, we
ﬁnd that horizontal advection and surface heat ﬂux
are the main terms that explain the diﬀerence in SST
between the mesoscale coupling experiment and
control experiment. The horizontal advection term
has a positive contribution to the SST diﬀerence with
the cooling in oﬀshore area and slightly warming in
the nearshore area. However, the surface heat ﬂux has
a negative eﬀect on the SST diﬀerence. Vertical
entrainment and vertical heat diﬀusion act to damp
the SST warming in the nearshore of Peru Sea. The
feedback due to mesoscale coupling to the ocean also
leads to strengthened vertical velocity in the nearshore
sea area, which is mainly attributed to the Ekman
pumping induced by curl of WSmeso.
The cooling SST induced by mesoscale wind
stress-SST coupling is relatively large in austral
summer (February–April) and small in austral winter
(August–October). By analyzing the heat budget
terms in the ML, it is found that the SST cooling is
primarily contributed by the horizontal advection
term both in austral summer and winter. Meanwhile,
there is weaker upwelling in the oﬀshore area of Peru
Sea in austral winter than in austral summer. The
weakened upwelling reduces the transport of
subsurface cold water to sea surface; this can be one
reason why SST is less cooled in austral winter.
The way by which the mesoscale coupling aﬀects
the SST in the western coast of South America is
examined further by two sensitivity experiments. In
the MF-feedback experiment (only the inﬂuence of
WSmeso on surface wind stress is considered), the
reduced values of SST are about 0.5 ℃ both in the
Peru Sea and Chile Sea. In the HF-feedback
experiment (only the inﬂuence of WSmeso on surface
heat ﬂux is considered), the regions with large SST
diﬀerence (>0.3 ℃) are mainly in the Chile Sea. By
analyzing the heat budget terms in ML, horizontal
advection and surface heat ﬂux are also the main
terms that explain the SST diﬀerences between the
two sensitivity experiments and control experiment.
Thus, the mesoscale wind stress-SST coupling can
have important feedback eﬀect on the ocean in the
western coast of South America. The feedback
induced by mesoscale wind stress-SST coupling can
reduce SST by a maximum of 0.5 ℃ in the Peru Sea
and 0.7 ℃ in the Chile Sea, which may potentially
reduce the warm SST bias in current climate models
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and improve the ocean simulations in the western
coast of South America.
Although the computational application in this
study is located in the western coast of South America,
the empirical model constructed by the Tikhonov’s
regularization method can be applicable to any
regions and useful for the study of mesoscale coupling.
As it is diﬃcult to well simulate the atmospheric wind
response to SSTmeso in the climate models with
simulated coupling coeﬃcient between WSmeso and
SSTmeso being smaller than observations (Bryan et al.,
2010), the empirical model can be used to represent
WSmeso in response to SSTmeso. This method can help
shed light on better understanding of the physical
processes that are involved in the mesoscale SSTwind coupling and improve the model simulations.
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