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Abstract

This work shows an investigation of the behavior of heat fluxes in the processes of ocean-atmosphere interaction 
during the passage of an Extra-tropical Cyclone (EC) in the Southwest Atlantic in September 2006 using a coupled 
regional model’s system. A brief evaluation of the simulated data is done by comparison with air and sea surface tem-
perature (SST) data, wind speed, sea level pressure. This comparison showed that both model simulations present some 
differences (mainly, the wind), nevertheless the simulated variables show quite satisfactory results, therefore allowing a 
good analysis of the ocean-atmosphere interaction processes. The simulated thermal gradient increases the ocean’s heat 
fluxes into the atmosphere in the cold sector of the cyclone and through the convergence of low level winds the humidity 
is transported to higher levels producing precipitation. The coupled system showed a greater ability to simulate the in-
tensity and trajectory of the cyclone, compared to the simulation of the atmospheric model.
Keywords: ocean-atmosphere interaction, oceanography, meteorology.

Resumo 

Este trabalho apresenta uma investigação do comportamento dos fluxos de calor nos processos de interação 
oceano-atmosfera durante a passagem de um ciclone extra tropical (EC) no Atlântico sudoeste em setembro de 2006 
usando um sistema de modelos regionais acoplados. Uma breve avaliação dos dados simulados é feita em comparação 
com os dados da Temperatura do Ar e da Superfície do Mar (SST), Velocidade do Vento, Pressão ao Nível Médio do 
Mar. Esta comparação mostrou que ambas as simulações de modelos apresentam algumas diferenças (principalmente, o 
vento), no entanto, as variáveis simuladas mostram resultados bastante satisfatórios, permitindo assim uma boa análise 
dos processos de interação oceano-atmosfera. O gradiente térmico simulado aumenta os fluxos de calor do oceano para 
a atmosfera no setor frio do ciclone e, através da convergência de ventos de baixo nível, a umidade é transportada para 
níveis mais altos produzindo precipitação. O sistema acoplado mostrou uma maior habilidade para simular a intensidade 
e trajetória do ciclone, em comparação com a simulação do modelo atmosférico.
Palavras-chave: interação oceano-atmosfera, oceanografia, meteorologia.
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1 Introduction

The Southwest Atlantic Ocean (SWA) circu-
lation is well described in the works, Sverdrup et 
al. (1942) and Emílson (1959; 1961). This region 
is characterized by the complex water masses and 
currents variability, as studied also by Stramma & 
England (1999), and more recently, by Pezzi et al. 
(2016a) review work. 

Souza & Robinson (2003) mention that surfa-
ce oceanic dynamics of the region is defined by the 
Brazilian Counter Current (BCC), which is limited 
in extent by the action of the winds and by the flow 
of the La Plata River and flows northeastward within 
the Continental Shelf (CS). The northern region is 
bordered by the Brazil Current (BC), which flows to 
the southeast along the CS break, originating from 
the bifurcation of the Equatorial South Current in 10 
°S. BC is defined as a warm current of the western 
boundary of the South Atlantic Subtropical Gyre 
(Garzoli & Matano, 2011; Campos, 2014). The Mal-
vinas Current (MC) is derived from the Antarctic 
Circumpolar Current and is described as a cold cur-
rent flowing northwest, being less saline than CB. 
At approximately 35 °S, the CM and the CB form 
the Brazil-Malvinas Confluence (BMC). Lentini et 
al. (2002), Pezzi et al. (2005, 2009, 2016b), Pezzi & 
Souza (2009), Souza et al. (2006) and Mendonça et 
al. (2017) says that CBM has strong temperature and 
saline gradients.  Because of its complex dynamics, 
the region is commonly described as one of the most 
complex and energetic in the ocean world (Souza & 
Robinson, 2003; Chelton et al., 2004).

The meteorological conditions in southern 
Brazil are affected mainly by frontal systems, me-
soscale convective systems, cyclonic systems at me-
dium levels of the atmosphere, upper levels cyclonic 
vortices and cyclones (Cavalcanti et al., 2009), and 
according to the study of Hoskins & Hodges (2005), 
this region is also a cyclogenetic area where Extra-
tropical Cyclones (EC) are formed.

These EC can represent a threat to the southe-
ast of South America and generate serious damages 
to the impacted regions, as observed in Parise et al. 
(2009), whose comment about the erosion on the 
southern Brazilian coast caused by an EC. Despite 

this risk, there’s a lack in ocean-atmosphere studies 
in Brazil, according to Pezzi et al. (2016a), mainly 
related by the difficulty of obtaining oceanographic 
and atmospheric in situ data, despite the effort to 
monitor remotely the ocean and atmosphere through 
satellite derived data (Campos, 2014)

In order to address this problem, the ocean-
-atmosphere numerical modeling system can be an 
important tool to study the air-sea interaction due to 
its efficiency of representing the terrestrial system, 
as studied by Chelton (2004), Xie (2004), Seo et 
al. (2006), Miller et al. (2017) and Mendonça et al. 
(2017). It is also a promising tool in the study of ECs, 
as noted by Pullen et al. (2018), which compared a 
simulation of the hybrid hurricane Catarina (Mcta-
ggart-Cowan et al., 2006) using a coupled ocean-at-
mosphere modeling system and a simulation using 
only an atmospheric model that landed in the Brazi-
lian south coast in 2004. It was shown in this study 
(Pullen et al., 2018) that the coupled model simula-
ted a better trajectory to Catarina when compared to 
the simulation in which only the atmospheric model 
is used. This fact is also presented in our work.

Based on the above exposed, the main ob-
jective of this work is to investigate the effects of 
the ocean-atmosphere coupling on the simulations 
of a strong EC that reached the southern region of 
Brazil in September 2006. According to Parise et al. 
(2009), this EC generated an intense storm surge at 
southern Brazilian coast, with an intense horizontal 
tide displacement. Here it was used a set of nume-
rical experiments were performed using two way 
coupled ocean and atmosphere models and another 
using only atmospheric model with the prescribed 
Sea Surface Temperature (SST).

2 Methods
2.1 COAWST

In this study the Coupled-Ocean-Atmosphere-
-Wave-Sediment Transport v 3.2 (COAWST) (War-
ner et al., 2010), was used. The COAWST combines 
four well-known models, allowing an active cou-
pling between the ocean and the atmosphere. The 
Weather Research and Forecasting Model v3.7.1 
(WRF)  (Skamarock et al., 2005) is the atmospheric 
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model, the Regional Ocean Modeling System svn 
797 (ROMS) (Shchepetkin & Mcwilliams, 2005; 
Haidvogel et al., 2008) is the hydrodynamic mo-
del, the Simulating Waves Nearshore v 41.01AB 
(SWAN) (Booij et al., 1999) is the wave model and 
the Community Sediment Transport Modeling Sys-
tems (CSTM) (Warner et al., 2008) is the sediment 
transport model. For this study, the SWAN and the 
CSTM were not activated. All these models are fully 
coupled using the Model Coupling Toolkit v 2.6.0 
(MCT) (Larson et al., 2005) and since ROMS and 
WRF have different grids, the weights between each 
model grid are interpolated using the Spherical Co-
ordinate Remapping Interpolation Package (SCRIP) 
(Jones, 1999).  The exchanges between the models 
are represented in the Figure 1.

The choices of physical parameterizations 
used were based in previous studies found in the li-
terature (Shi et al., 2010; Tao et al., 2011; Nicholls 
& Decker, 2015):

• Longwave radiation: new Goddard scheme 
(Chou & Suarez, 1999; Shi et al., 2010);

• Shortwave radiation: new Goddard scheme 
(Chou & Suarez, 1999);

• Surface layer: Eta similarity (Monin & 
Obukhov, 1954; Janjic, 2002);

• Land surface: Unified Noah Land Surface 
Model (Chen & Dudhia, 2001);

• Boundary layer: Mellor-Yamada-Janjic 
(Mellor & Yamada, 1982; Janjic, 2002);

• Cumulus parameterization: Kain-Fritsch 
(Kain, 2004);

• Microphysics: Goddard Scheme (Lang et 
al., 2007).

2.3 ROMS Configuration

ROMS is an oceanic tridimensional regional 
model with free-surface and terrain-following in 
sigma coordinates. The model integrates the Navier-
-Stokes equations into Reynolds 3D averages, using 
hydrostatic approximations. ROMS uses finite diffe-
rence approximations on an Arakawa-C curvilinear 
horizontal grid. Momentum, scalar advection and 
diffusive processes are solved using transport equa-
tions, and an equation of state computes the density 
field. ROMS provides a flexible structure that allows 
multiple choices for many model components, such 
as options for advection numerical schemes, turbu-
lence, boundary conditions, sub-layers for surface 
and bottom layers, air-sea flows among other featu-
res (Shchepetkin & Mcwilliams, 2005; Haidvogel et 
al., 2008).

  The ROMS domain is identical the one used 
for WRF grid, however with finer horizontal reso-
lution. ROMS was configured with 1/12o horizontal 
resolution and 30 sigma levels of depth, with 40 s 
barotropic and 90 s baroclinic time-steps. The sur-
face and bottom stretching parameter are 5 and 0.6, 
respectively, with a 50 m critical depth controlling 
the stretching and default vertical coordinate trans-

Figure 1 COAWST configurations used in this study involving 
the WRF model A. WRF only; and B. WRF-ROMS coupling 
(Adapted from Figure 5 of Warner et al., 2010).

2.2 WRF Configuration

The WRF solves a set of fully non-compres-
sible, non-hydrostatic and Eulerian equations in 
terrain-following coordinates, with a variety of phy-
sical parameterizations of sub-grid scale processes. 
The model predicts three-dimensional components 
of wind, surface pressure, dew point, precipitation, 
latent and sensitive heat fluxes, long and shortwave 
radiation fluxes, relative humidity and air temperatu-
re in grids with eta vertical coordinates (Skamarock 
et al., 2008).

The WRF domain extends between 5°S to 
50°S and 70°W and 20°W, with 20 seconds time-s-
tep. The horizontal resolution is 6 km with 44 verti-
cal levels from sea level up to 50 mb. The initial and 
boundary conditions were obtained from the NCEP 
Climate Forecast System reanalysis (CFSR), which 
has 0.5o x 0.5o of spatial resolution and 6 hours of 
temporal resolution. 
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formation. The main physical parameterizations op-
tions activated for this study are:

• Momentum equations:  Horizontal harmonic 
viscosity of momentum (Waksowicz, 1993);

• Tracers equations: 3rd-order upstream hor-
izontal advection and 4th-order centered 
horizontal advection (Shchepetkin & Mcwil-
liams, 2005)

• Pressure gradient algorithm: Spline Jacobian 
density (Shchepetkin & Mcwilliams, 2003);

• Wave roughness formulation: Taylor and 
Yelland relation (Taylor & Yelland, 2001);

• Horizontal mixing of momentum:  Constant 
S-surfaces (Shchepetkin & Mcwilliams, 
2003);

• Horizontal mixing of tracers: Geopotential 
(constant depth) surfaces (Shchepetkin & 
Mcwilliams, 2003);

• Vertical mixing of momentum and tracers: 
Generic Lenght-Scale (Warner et al., 2004).

The initial and boundary conditions were 
obtained from Simple Ocean Data Assimilation 
(SODA) (Carton & Giese, 2008), which has 0.5° 
x 0.5o spatial resolution and temporal resolution 
every 5 days.

2.4 Experimental Design and Auxiliary Data

Two numerical experiments were performed. 
They started on August 19th 2006 and finished on 
September 8th 2006. The first experiment used only 
atmospheric model (named WRF_EXP) and the se-
cond one coupling WRF and the hydrodynamic mo-
del ROMS (named COA_EXP), as show in Figure 
2a and 2b, respectively. In the coupled simulation, 
the WRF model provides to ROMS fields of U and V 
wind components, atmospheric pressure, relative hu-
midity, air temperature, clouds, precipitation, longwa-
ve radiation and shortwave radiation. In turn ROMS 
will provide Sea Surface Temperature (SST) to WRF. 
The frequency of fields exchanges between WRF 
and ROMS is at every 1800 seconds, with both si-
mulations being saved every 6 hours. Also, following 
the work of Mooney et al. (2016), we performed a 
short 10 days spin-up period for both simulations.

In order to compare the simulated precipi-
tation with independent data, we used the Climate 
Prediction Center Morphing Technique (CMOR-
PH) from the National Ocean and Atmosphere Ad-
ministration (NOAA) that is described in Joyce et 
al. (2004). This dataset is estimated by algorithms 
based on Ferraro (1997), Ferraro et al. (2000) and 
Kummerow et al. (2001), and has spatial resolution 
of 0.25º × 0.25º and temporal resolution of 30 minu-
tes.  Also, we used in situ data from three Brazilian 
meteorological stations located in the cities of Rio 
Grande (32º 03’S and 52º 11’W), Torres (29º 21’S 
and 49º 43’W), and Florianópolis (27º 36’S and 48º 
36’W) from the National Institute of Meteorology 
(INMET). The variables used were the wind at 10 
meters, the mean sea level pressure and the air tem-
perature at 2 meters available every 06 hours from 
27th August 2006 to 8th September, 2006.

3 Results
3.1 Model Evaluations

The oceanic COA_EXP results (ROMS deri-
ved) are evaluated by comparing its simulated SST 
with the prescribed SST used in WRF_EXP simu-
lation. It is important to remark that this is CFSR 
SST, as shown in Figure 2a and 2b. The simulated 
SST by COA_EXP (Figure 2A) satisfactorily repro-
duces the major oceanic features that are also seen 
in WRF_EXP. However, it is important to note that 
COA_EXP results have many mesoscale features 
and phenomena that are explicitly solved due to hi-
gher resolution of the oceanic model compared to 
that SST used in WRF_EXP experiment, where the-
se features are smoothened or not represented. This 
is a clear case where the model horizontal resolution 
is playing a role. An example can be seen in the BCC 
at the Southern Brazilian Continental Shelf (SBCS), 
which is well represented in COA_EXP and quite 
smoothened in WRF_EXP. The role of this thermal 
front in the MABL stability modulation was explo-
red in Pezzi et al. (2016b). On the other hand, analy-
zing the differences we can see two distinct sectors 
(Figure 2c). Between 33°S and 50°S, the SST of 
COA_EXP is up to 5oC higher than WRF_EXP, whi-
le in remain of the domain the simulated SST is up to 
3.5oC lower than WRF_EXP. The root mean square 
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error (RMSE) (Wilks, 1995) was used to measure 
the differences between the simulated values and the 
observed data used as control. The errors found (Fi-

gure 2d) are up to 5 °C between 50°S and 45°S and 
37°W and 29°W, while in other regions the simula-
tion presented errors ranging from 0 to 4.43 °C. 

Figure 2 A. SST (ºC) simulated by COA_EXP; B. SST (ºC) from CFSR used in WRF; C. difference between SST (ºC) simulated by 
COA_EXP and D. CFSR SST used in WRF_EXP RSME between COA_EXP from SST (°C) and CFSR.
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The Taylor Diagram (Taylor, 2001) was used 
to evaluate the simulated data by COA_EXP and 
WRF_EXP relative to the three meteorological sta-
tions. For that, wind magnitude at 10 meters (W10), 
sea level pressure (SLP) and air temperature at 2 me-
ters (Tair) were used. COA_EXP simulation showed 
a correlation between 0.8 and 0.97 and standard de-
viation between 0.25 and 0.78 for the Tair and SLP 
data, while the data simulated by the WRF_EXP 
showed correlation between 0.73 and 0.96 and stan-
dard deviation between 0.25 and 0.78. V10 presented 
a correlation of 0.1 and 0.47 and a standard devia-
tion between 0.77 and 1.33 in the simulation with 
COA_EXP, whereas the COA_EXP data showed 
a correlation between 0.1 and 0.3 and a standard 
deviation between 1.22 and 1.31 (Figure 3). San-
tos-Alamillos et al. (2013) suggested that discre-
pancies found in simulations with WRF may be 
sensitive both to the terrain topography and to the 
horizontal resolution used. 

Our comparative analysis shown in Figures 
2 and 3 reveals that both simulations present some 
errors and differences when compared to observa-
tions, mainly in the near surface wind. However, it is 
also noticed that the simulations of COA_EXP and 
WRF_EXP produce very reasonable simulations 
when analyzing SLP and Tar during the EC passage. 
This first analysis of comparison of the simulations 

with the observed data, assured the quality of our 
simulations giving confidence to proceed an analysis 
with more details about the air-sea interaction pro-
cesses that occurred during the passage of the EC 
chosen for this case study.

3.2 Extratropical Cyclone Analysis

The EC trajectory is shown in Figure 4. The 
minimum SLP points of the two simulations and the 
CFSR data were extracted at every 6 hours, from 
September 2nd at 00:00 UTC to September 5th at 
00:00 UTC. It’s observed that the coupling betwe-
en the oceanic and atmospheric models provides a 
better simulation of the EC path when compared to 
the WRF simulation. The COA_EXP simulates the 
trajectory closer to the CFSR. Although both si-
mulations present some differences in the cyclone 
positions when compared with the CFSR data. At 
September 4 at 00:00 UTC the EC simulated by the 
WRF model moves northeast, not following the rou-
te provided by the CFSR. The result is similar to that 
found in Pullen et al. (2018), which demonstrated 
that the active coupling between ocean and atmos-
pheric models provides more accurate results.

The LHF, wind direction and speed at 10 me-
ters simulated by COA_EXP and WRF_EXP for 
September 3rd at 12:00 UTC, are presented in Figure 

Figure 3 Taylor diagrams comparing the mean sea level pressure, air temperature and wind velocity of the simulation generated with 
the meteorological stations of Torres (green), Rio Grande (blue) and Florianópolis (Red); A. COA_EXP; and B. WRF_EXP.
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5, day in which the EC central pressure was lower 
and LHF had the maximum value. In general, the 
COA_EXP fluxes were more realistic than the flu-
xes simulated by WRF_EXP, when compared to the 
CFSR. Larger LHF values were found due to the in-
tensification of surface winds as a consequence of 
the horizontal pressure gradient, For the WRF_EXP, 
LHF fluxes exceeded 550 W m-2, COA_EXP exce-
eded 500 W m-2 while CFSR 600 W m-2 over point 
near the southern region of Brazil and Uruguay. But 
both simulations showed an extensive region with 
LHF between 400 W m-2 and 500 W m-2.

Figure 4 Extratropical cyclone trajectory extracted using mini-
mum SLP data from COA_EXP (green line), WRF_EXP (red 
line) and CFSR (blue line) reanalysis.

Figure 5 Latent Heat Flux (W m-2, shaded) and Wind Speed and Direction in 10 m (m s-1, vectors)  for September 03rd, 2006 at 
1200 UTC. The section in red represents the longitudinal section at 45ºW shown in Figure 6. (A) COA_EXP  (B) WRF_EXP (C) 
and CFSR database.

The differences between the simulations are 
due to the exchange between the oceanic and atmos-
pheric models in the COA_EXP, which provides 
more accurate information for the LHF, mainly in 
the pattern that the LHF is distributed in the cold 
sector of the EC between 45ºS to 38ºS and 56ºW to 
48ºW in COA_EXP, which has a shape more similar 
to the CFSR than the WRF_EXP. In Figure 2a and 
2b it is observed that SST values of the COA_EXP 
are larger than the SST in the WRF_EXP dataset for 
that region, having a key role in the behavior of the 
LHF. This fact and demonstrates that coupled regio-
nal modeling is a promising tool to the simulation 
of the LHF in this region. Despite this, when com-
pared to CFSR, COA_EXP underestimates the LHF 
values up to 170 W m2 at 30ºS and 35ºS and 51ºW 
to 46ºW, possibly associated to the initial condition 
used in COA_EXP that presented lower SST values 
when compared with WRF_EXP. LHF transfer to 
the atmosphere occurs over the warm waters of the 
BC during this EC event. This behavior is similar to 
what has been demonstrated by Pezzi et al. (2005, 
2009, 2016).

A north-south cross section at 45ºW for Sep-
tember 03rd at 12:00 UTC (Figure 6) was made, to 
understand the relationship between the convergen-
ce on the low level winds, LHF and precipitation. 
Near 39ºS there is a strong surface winds convergen-
ce in the central zone of the EC that causes upward 
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motion in the atmosphere. Between 35ºS and 25ºS 
are the highest values of LHF, with mean values of 
470 W m-2 in COA_EXP and 490 W m-2 in WRF. The 
weaker precipitation occurs in this area where are 
the cold and dry branch of the EC. In contrast, the 
opposite is observed at 45ºS to 37ºS where the higher 
precipitation rates are due to the warm branch of the 
EC, which produces maximum precipitations of 17 
mm in the COA_EXP and 18.5 mm in the WRF. The 
same patterns are found in the simulations for the 
convergence of the winds and LHF when comparing 
with CFSR. Despite of it, LHF does not exceed 437 
W m-2 in CFSR and the wind convergence in the EC 

center is weaker with maximum value of -2x10-4 s-1 
while COA_EXP and WRF_EXP simulated their pe-
aks of -6x10-4 s-1. This difference can be associated 
with the lower spatial resolution of CFSR grid.

Another important result found is in the pre-
cipitation at 12:00 UTC. The CMORPH registers 
up to 3.8 mm in a region that has peaks of up to 
2 mm of rainfall in both simulations, whereas in 
the region where the largest rainfall records occur, 
it does not register precipitation, characterizing the 
non-viability of using CMORPH data in the Analy-
sis of this study.

Figure 6  
Meridional cut at 
45°S for September 
03, 2006 at 1200 
UTC showing the 
Latent Heat Flux 
(Red line, W m-2), 
Daily Precipitation 
(Blue line, mm) 
and Wind divergen-
ce in 10m (Green 
line, 10-4 s-1). A. 
COA_EXP; B. 
WRF_EXP; C. the 
latent heat flux (red 
line, W m-2) and 
the divergence of 
the winds in 10m 
(green line,10-4 s-1) 
are from the CFSR 
and accumulated 
daily precipitation 
(blue line, mm) is 
from CMORPH.
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The analysis suggests that the ocean-atmos-
phere interaction destabilizes the atmosphere, chan-
ging the pattern of temperature, pressure, and wind 
fields. Initially, due to the passage of cold air in the 
surface, the ocean loses heat to the atmosphere, cre-
ating intense LHF gradients in both simulations. 
Latent heat is released to the atmosphere during the 
oceanic evaporation and the EC central pressure is 
decreased. Humidity in the lower atmosphere that 
converges to the center of the EC is upward transpor-
ted. This thermodynamic process induces the preci-
pitation caused by the EC. Similar result was des-
cribed by Pezzi et al. (2016b), where they’ve made 
an transect through the strong thermal gradient that 
exists between CB and BCC and was mostly made 
in the absence of mesoscale atmospheric systems. 
However, at the end of this transect, a post-frontal 
atmospheric situation was sampled, in the presence 
of intense winds and cold thermal advection caused 
by an EC that had passed a few hours before. This 
caused the heat fluxes to be greatly increased, rea-
ching values very close to those found here, by the 
regional models when they simulate the EC.

4 Conclusions

This work presented an air-sea interaction 
analysis when an EC occurred in the Southwest 
Atlantic between September 2nd and 5th, 2006, using 
the COAWST coupled modeling system (COA_
EXP) and a simulation with an atmospheric model 
solo (WRF_EXP). Since in situ data in the Atlantic 
Southwest are very scarce, the coupled regional mo-
deling appears as a promising way to supply crucial 
information and understanding of the oceanic and 
atmospheric phenomena, as discussed by Miller et 
al. (2017) and Pullen et al. (2018). We highlight the 
unprecedented of simulating an EC in the southwes-
tern region of the South Atlantic, using regional cou-
pled modeling with high spatial resolution (appro-
ximately 9.2 km). This technique allows the SST to 
be simulated with increased details using the cou-
pled modeling system (COA_EXP), thus providing 
an active information exchange between the ocean 
and atmosphere. That is not the case while WRF un-
coupled atmospheric model is employed, since it is 
passive to SST, i.e. it is not influenced by the atmos-
pheric variables.

The coupled (COA_EXP) simulation pre-
sented differences when compared to the solo WRF 
(WRF_EXP). Evaluations of the simulated data 
showed an important difference in the wind field 
when compared to in situ data. However, as demons-
trated by Santos-Alamillos et al. (2013), there may 
be variations in the wind field at 10 meters due to 
terrain topography sensitivity as well as the horizon-
tal grid resolution used. It’s important to remark that 
the simulated precipitation did not present a good 
comparison with CMORPH data in this study. In 
our results the simulated precipitation overestimated 
compared to CMORPH. This fact may be related to 
CMORPH precipitation estimation method of Fer-
raro (1997) and Ferraro et al. (2000) in contrast to 
the parameterizations used in the WRF. This was 
showed by Zhang et al. (2013) where they conclude 
that CMORPH tends to underestimate the precipita-
tion magnitudes when compared with quality-con-
trolled radar precipitation.

In general, both experiments well represent 
the LHF when compared to in situ data at very high 
frequency at CCB as seen Pezzi et al. (2016b) at 
CCB as shown in their Figure 8. They sampled the 
ocean and atmosphere across the thermal gradient 
between CB and CCB, and mostly of their mea-
surements were made in the absence of mesoscale 
atmospheric systems. However, at the end of their 
transect, a post-frontal situation was sampled. They 
found intense winds and a cold thermal advection 
caused by an EC that had passed a few hours befo-
re their arrival at that area.  This synoptic situation 
increased the air-sea fluxes that reach at values very 
close to those found here by the regional models 
when they simulate CE. The difference found in the 
FCL between regional models may also be related to 
the fact that the ocean is active in COA_EXP, which 
allows the representation of mesoscale ocean phe-
nomena that are not present in the WRF_EXP. This 
is the case of ocean vortices seen in the COA_EXP 
simulation close to the CBM region and also in more 
pronounced thermal fronts, such as CB / CCB.

In this study, the importance of the Southwest 
Atlantic was evident for the region near the southern 
coast of Brazil and Uruguay, which influenced de-
cisively the generation of FCL during the passage 
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and intensification of the cyclone. Most likely this 
is its role in most of the cyclogenesis occurring in 
this region. Thus, it is clear that much study still ne-
eds to be done on the mechanisms of surface heat 
flux generation, exchanges of it between ocean and 
atmosphere, as well as the parameterizations to be 
used in numerical models. In addition to this acti-
vity, it is suggested that more in situ observations 
and high temporal and spatial resolution be made to 
study these processes, as it was done in Pezzi et al. 
(2016a) and Mendonça et al. (2017) because this is a 
way to obtain more reliability in relation to the work 
that the physical parameterizations used in regional 
numerical models are doing.
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