Anuario do Instituto de Geociéncias - UFRJ
www.anuario.igeo.uftj.br

Sea Surface Temperature Optimization Evaluation in the
Passage of an Explosive Cyclone in the Southwest Atlantic Ocean
Avaliagdo da Otimizagdo da Temperatura da Superficie do
Mar durante a Passagem de um Ciclone Explosivo no Sudoeste do Oceano Atlantico

Ana Cristina Pinto de Almeida Palmeira'; Ricardo de Camargo? & Ronaldo Maia de Jesus Palmeira?

1Universidade Federal do Rio de Janeiro, Instituto de Geociéncias, Departamento de Meteorologia.

Av. Athos da Silveira Ramos 274. Cidade Universitaria, 21941-916, Rio de Janeiro, RJ, Brasil
2Universidade de Sao Paulo, Instituto de Astronomia, Geofisica e Ciéncias Atmosféricas,
Departamento de Ciéncias Atmosféricas. Rua do Matdo 1226. Cidade Universitaria, 05508-090. Sdao Paulo, SP. Brasil
E-mails: anactn@gmail.com; ricamarg@usp.br; palmeira@gmail.com
Recebido em: 10/01/2019  Aprovado em: 04/04/2019
DOI: http://dx.doi.org/10.11137/2019 2 245 258

Resumo

Na modelagem numérica do tempo, a atualizacdo da Temperatura da Superficie do Mar (TSM) pode influenciar
fendmenos atmosféricos em diferentes escalas. Sendo assim, um modelo simplificado da Camada de Mistura Oceénica
(CMO) foi incluido como uma sub-rotina no Brazilian Regional Atmospheric Modeling System (BRAMS) de forma a
atualizar a temperatura da superficie do mar (TSM) a cada passo de tempo, com baixo custo computacional. Compa-
ragdes foram realizadas entre simulagdes atmosféricas usando uma CMO dinamica e a TSM climatologica, padrao do
BRAMS. Houve variagdes diretas significativas nos fluxos de calor latente e sensivel, bem como na nebulosidade, de
modo que quanto mais aquecida a TSM, maior a resposta dessas variaveis. Por outro lado, embora nao tenha havido au-
mento significativo nas taxas de precipitacdo, houve maior precipitagdo quando a TSM foi maior. As variagdes na pres-
sd0 ao nivel do mar foram da ordem de 1-2 hPa, indicando que as variagdes nos fluxos de superficie estdo relacionadas
a manutengao e persisténcia dos sistemas e nao ao seu aprofundamento.

Palavras-chave: fluxos de calor; camada de mistura oceanica; ciclone extratropical

Abstract

In numerical weather prediction, the updating of the Sea Surface Temperature (SST) can influence atmospheric
phenomena on different scales. Thus, a simplified model of the oceanic mixed layer (OML), was included as a subroutine
in the Brazilian Regional Atmospheric System (BRAMS) in order to update the SST at each time step, with low compu-
tational cost. Comparisons between atmospheric simulations using an active OML and climatological SST mask, which
is part of the BRAMS model, were made. There were significant direct variations in the latent and sensible heat fluxes as
well as in cloudiness: the warmer the SST, the greater the response of these variables. On the other hand, although there
was no significant increase in precipitation rates, there was higher rainfall when the SST was higher. The variations in
the sea level pressure were to the order of 1-2 hPa, indicating that the variations in surface flows are related to the main-
tenance and persistence of systems and not to their deepening.

Keywords: heat fluxes; oceanic mixed layer; extratropical cyclone
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1 Introduction

The region of the southwest Atlantic is marked
by the predominance of the South Atlantic Subtro-
pical Anticyclone (SASA) and the passage of both
transient and stationary systems, such as cyclones.
Necco (1982) studied cyclonic vortices with parallel
displacements to shorelines related to ocean currents
and found that the cyclonic vortex at 500 hPa is ne-
cessary, but not enough, to develop convection; he
also observed that the sensible heat is more impor-
tant for the intensification of tropical cyclones.

Gan & Rao (1991) found two well-marked
surface cyclogenesis clusters at South America: one
in the Gulf of San Matias and the another over Uru-
guay. These two centres exist all year round. The
Uruguayan one is more intense in the winter and
the Gulf of San Matias centre is more intense in the
summer. In the transition seasons the quantity is litt-
le different.After this, Reboita (2008) confirmed the
same regions and found one closer to the south and
south-eastern coast of Brazil.

Seluchi (1995) evaluated 54 cases of cyclo-
genesis in the South American continent and disco-
vered that the events can be detected up to five days
in advance by monitoring troughs with long waves
that can move to above 35°S, in the range of greater
baroclinicity. He concluded that coastal cyclogenetic
processes usually take place during the winter and
spring and gradually decrease their frequency during
the summer and early fall.

Sugahara (2000), analysing the low-pressu-
re systems and tropical cyclones in South America
from 1985 to 1993, found little variation in the fre-
quency of cyclones, though he did find a subtle in-
crease in the winter months.

Based on data from the National Centers for
Environmental Prediction (NCEP) Reanalysis for
the period 1980 to 1999, Palmeira (2003) conducted
a climatological analysis of cyclones over the South
Atlantic, and found that in all seasons the highest
frequencies occur at latitudes above 50°S, and there
were more than 200 occurrences at above 60°S. At
lower latitudes, the frequency of cyclogenesis decre-
ases, but it is interesting to note that the increased
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occurrence of cyclogenesis at lower latitudes triples

in winter compared to the summer period (latitude
32.5°8).

According to Bosart & Lackmann (1995), de-
pending on the stage of development of atmospheric
cyclone, the flow of latent and sensible heat, essen-
tial for the initial phase, may even weaken the cy-
clone, reducing the baroclinicity at low levels, and
reducing thermal advection and consequently the
rate of deepening. Warming by latent heat release
dominates the baroclinic processes in explosive mar-
itime cases.

Sinclair (1995), evaluating cyclones over the
South Atlantic, found a slight increase in the release
of latent heat on SST at low latitudes, causing high-
er drops in pressure, whereas Saraiva (1996) found
through numerical modelling in the passage of an
explosive cyclone in the Southwest Atlantic that the
release of latent and sensible heat of the Brazil-Mal-
vinas Confluence was the key to its rapid intensifica-
tion, modulating its trajectory and the microphysics
of low clouds.

Silva et al. (2004) presented simulations of
cyclone Catarina using BRAMS model (Freitas et
al., 2017) to identify the impact of the SST condi-
tions in the Atlantic Ocean region, imposing positive
and negative anomalies on the SST field (+ / - 2°C).
In the case of the experiment with warmer SSTs
there was an increase in the cumulative rainfall,
while cooler SSTs resulted in a decrease in rainfall
(13% and 35%, respectively). It is noteworthy that
the trajectory of the cyclone did not change due to
the large-scale dynamics.

Pezzi et al. (2005) found that the Marine At-
mospheric Boundary Layer (MABL) is modulated
by the strong SST gradient, and an explanation for
this is since the MABL self-adjusts to changes in the
SST. Positive SST anomalies induce changes in the
static stability of the MABL. In this case, the buoy-
ancy and turbulence increase over warm waters and
decrease the vertical wind shear in the MABL, gen-
erating stronger surface winds. The opposite would
be expected over cooler waters.

To contribute to the understanding of the
ocean-atmosphere processes that occur in the South-
west Atlantic, this study aims to determine the im-
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portance of the correction of the SST for the spec-
ification of meteorological models in terms of the
impact on the development and evolution of tran-
sient weather systems under different synoptic pat-
terns. For this purpose, a simplified model of mixed
layer ocean, included in a BRAMS subroutine mod-
el, was used to assess changes in the air-sea interface
and investigate the physical mechanisms involved in
the atmospheric column. This is an original study in
numerical atmospheric mesoscale modelling and the
importance of short-term temporal variations. The
inclusion of the SST variation in the correction of
the surface energy balance will allow the behaviour
of the interface processes to be better understood
and will provide more information on the issue of
thermodynamic coupling between atmospheric and
ocean models.

The SST also varies according to local situa-
tions; for example, in the presence of a cyclone, ra-
diative effects are negligible near the centre due to
the presence of a thick layer of clouds which, in ad-
dition to reflecting almost all the incidental short-wa-
ve radiation, block the loss of long-wave radiation.
Friehe et al. (1991) investigated the effect of SST
fronts on the structure of the Atmospheric Boundary
Layer (ABL) during the FASINEX (Front Air-Sea
INteraction EXperiment) and demonstrated that the
hot air flowing over cold water leads to a stable and
shallow ABL, while cold air flowing over warm wa-
ter leads to an unstable and increasing ABL.

Like the atmosphere, the ocean also has an
internal boundary layer next to surface. This region
is called the Oceanic Mixed Layer (OML) and is
fully turbulent due to its mix, and its thermodynamic
properties (T, p) are considered approximately ver-
tically constant. The mix is direct through the wind
and indirect by the waves.

According to Chu (1993), in high winds, the
OML deepens due to increased turbulent kinetic
energy (TKE) generated by the wind being strong
enough to push the cold water at the base of the
OML. Excessive heat loss at the base (entrainment
heat flux) over the net heat gain at the surface leads
to the cooling of the OML. The thinner (thicker) the
OML, the cooler (warmer) it is, leaving the ASST/
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At and the depth positively correlated. With light
winds, the TKE in the OML generated by the wind
is insufficient to push the stable deep water (cold and
stratified), and as the net heat gain at the ocean sur-
face is much smaller than the heat loss at the base of
the OML, it becomes warmer. The narrower (wider)
the OML, the more it warms (cools), leaving ASST/
At and the depth of the OML is negatively related.

Thus, the fundamental physical aspects of
both the ocean and the atmosphere are presented in
Section 1, with the objective. The description of the
aspects of interest relating to the numerical part and
the choice of the specific case investigated by means
of numerical experiments are presented in Section 2.
Section 3 gives the simulations and results. Section 4
will treat the discussion while Section 5 summarizes
the conclusions.

2 Materials and Methods

In order to make numerical simulations of the
cyclone, the BRAMS (Freitas et al., 2017) atmos-
pheric model was used, with initial and contour con-
ditions of the NCEP Reanalysis database (Kalnay et
al., 1996).

The NCEP database also contributed to a pre-
liminary analysis of the synoptic atmosphere scenar-
io that led to the cyclone’s life cycle.

To verify the thickness of the OML, we used
simulations of the HYbrid Coordinate Ocean Mod-
el (HYCOM, Bleck et al., 2002) ocean circulation
model, available in the Brazilian Navy, in addition
to the LEVITUS (Levitus & Boyer, 1994) data base.

2.1 The BRAMS Atmospheric Model

For the atmospheric part of the study, the
BRAMS, which is a limited area model, was cho-
sen. The version used in this study was the 5.4 plus
(Fazenda et al., 2006), which has sets of shallow
cumulus parameterization for shallow and deep con-
vection, including a mass flux scheme with several
closures, based on Grell & Devenyi (2002). The ini-
tial function of the convective parameterization uses
Turbulent Kinetic Energy (TKE) of the Planetary
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Boundary Layer (PBL) to modulate the maximum
distance at which the plots may deviate from their
source and uses this distance to determine whether a
given grid column will maintain convection or not.
The vegetation data with 1 km resolution are derived
from the International Geosphere-Biosphere Pro-
gramme 2.0 (IGBP, 1986) data sets, and the daily
initialization of soil moisture may also be used (Ge-
vaerd & Freitas, 2006). The details of the observed
parameters of the South American biomass may be
used for a more realistic specification of surface fe-
atures. There was a normalization of the data set of
the vegetation index (NDVI), which is derived from
the MODIS (Moderate Resolution Imaging Spec-
troradiometer - Carroll et al. (2003)) data set, based
on the years 2001-2002, processed by the Terrestrial
Biophysics and Remote Sensing Lab and converted
into the BRAMS format and structure. Thus, seve-
ral biophysical parameters associated with the soil
parameterizations and the BRAMS vegetation were
adapted to tropical and subtropical biomes and soils,
using observations or estimates obtained from field
campaigns associated with the LBA (Large Scale
Biosphere-Atmosphere Experiment in Amazonia -
Silva Dias et al. (2002)).

Its computational capabilities include the as-
similation of heterogeneous soil moisture, cyclic
operating assimilation, SIB2.5 (Simplified Simple
Biosphere Model) surface parameterization, besides
the serial and parallel options. The following section
gives a summary of the configuration of the model
(Table 1).

2.2 Including the OML Module
to Differentiate the BRAMS SST

To provide a new option to treat the SST du-
ring the simulation, an OML module was included
to predict the SST at every time step and not simply

to assimilate the information available on a clima-
tological, weekly or daily basis. Therefore, the clas-
sic model of Kraus & Turner (1967) [here in after
K-T] was chosen in order to make a routine public
(mxkrtm.f) ocean circulation HY COM, and then di-
rect the study to the branch of research that uses syn-
chronous simulations to investigate ocean-atmos-
phere coupling. To verify the result of the variation
of the height and temperature of the OML (hence the
SST) to consider both thermodynamic factors and
ocean dynamics we used the HYCOM ocean model
itself, in the K-T model, the same methodology rou-
tinely used in this study. The HYCOM ocean circu-
lation model provides different options for the OML.
One of them is that of K-T.

In simulations with an active OML, data from
the LEVITUS Climatology were used as a pro-
file (initial estimate) to find the height of the base
of the OML and the thermocline, necessary for the
K-T model. After this verification, the value of the
BRAMS climatological SST was compared with the
LEVITUS data, and then a difference was made in
the whole profile so that the SST in the case of the
active OML was adjusted to the difference of the
value of the climatological SST and this temperature
difference was spread to the final depth of the OML
(estimated by LEVITUS). Thereafter (from the ther-
mocline), the BRAMS module took on the Levitus
climatological profile without any changes. From
the next moment, the active OML now presented a
new profile, calculated by the K-T model.

2.3 Simulated Event: Explosive Cyclone

The case chosen was the explosive cyclone
from 22 to 26 July 2007, which, after being formed,
moved quickly to the Southeast, deepening (Figures
1 and 2) and changing its initial characteristics, ac-
cording to the phase diagram (Hart, 2003).

Brams Configurations

Integration time: 21 to 28 September

Cumulus: Grell & Devenyi (2002)

Horizontal resolution: 30 km

Microphysics: Level 3

Nudging source: Global data every 6 h

Shallow Cumulus: on

Center field: 27.5°5/045°W

Radiation: Chen & Cotton (1983)

Number of points at x: 146

Round: Serial

Number of points at y: 166

Output frequency: 1 hour

Sigma vertical levels: 28

Initial OML: Levitus Climatology

Vertical spacing: 50 m from the surface with an amplification factor of 1.2 to a
height of 1 Km. Above this, the spacing becomes constant and equal to 1 km

Horizontal diffusion coefficients: Smagorinsky (1963)
Vertical diffusion coefficients: Mellor & Yamada (1982)

Table 1 Summary of the configuration used in the BRAMS model.
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Through the NCEP Reanalysis (Figures 3 and
4), atmospheric pattern fields are shown where it can
be noted that the region suffered post-frontal influ-
ences with an extratropical cyclone in the extreme
southwest leaving the domain, and another low re-
gion (1002 hPa) over the continent (26°S/058°W),
which shifted to the southeast with the dynamic sup-
port at 200 hPa.

Both cyclones had soft core release of sur-
face latent heat and upward motion of 850 hPa. On
23JUL2007-00Z the cyclone also deepened (996
hPa), this time with support at middle to high levels.
The meridionally aligned upward movement pre-
sented a higher amount of latent heat release, con-
firming its deepening.

In the next six hours, the trough extended to
the coast of the state of Sdo Paulo, and the cyclone
deepened (989 hPa) and gradually moved to the
south (37°S/050°W), still supported at 200 hPa. The
region of the cold front marked an upward move-
ment and a core of latent heat release.

A cold front completely moved away east-
ward from the coastline on 24JUL2007-00Z, while
the extratropical cyclone moved slowly south-east-
ward, deepening (972 hPa) at 42°S/045°W. It should

be noted that the large region of latent heat release
was associated to the post-frontal regime, where the
cold air flowed over the relatively warmer SST.

The information on the OML provided by the
HYCOM and about SST from MODIS/AQUA sa-
tellite (Advanced Microwave Scanning Radiometer
sensor, AMSR-E) for this case (Figure 5 A and B)
indicates an initially warm and not very deep pattern
(18°C - 21°C) followed by a slight narrowing and
cooling (15°C) in the region off the Santa Catarina,
southern coast of Brazil. However, the SST pattern
for this period (Figure 5) indicates a marked zon-
al gradient in the region of cyclone intensification
typical of favouring the lowering of surface pressure
(Saraiva, 1996).

3 Results

On average, it can be observed from Figure 6
(A and B) that the presence of the OML causes SST
variations up to 3°C the main one in the dipole off
the coast of the state of Rio Grande do Sul. The sen-
sible heat indicated greater differences than the la-
tent heat, both in intensity and in areas of the domain
(Figure 7 and 8), which were related to the direct
differences between the air temperature and the SST
(figure not shown).
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Figure 3 Mean sea level pressure in hPa (gray lines), advection of relative vorticity at 500 hPa in 10 s (dotted dark blue) and stream-
lines at 200 hPa from the NCEP reanalysis from 22 July 2007 to 24 July 2007.
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Figure 4 Latent heat flux in Wm (shaded), wind at 10 meters in ms™ (vectors) and 850 hPa omega in Pa.s' (dark blue contours), from
the NCEP reanalysis of data from 22 July 2007 to 24 July 2007.
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Figure 5: OML depth in meters from the HY COM model for the July 2007 case and SST (°C) from satellite AQUA AMSR-E’s at 0000

Z between 21 and 24 July 2007.
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Figure 6 Differences between the fields of sea surface temperature in Celsius.
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Figure 7 Differences between the fields of latent heat in Wm™.
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Figure 8 Differences between sensible heat flux fields in Wm™.

Two main points were chosen to investi-
gate the most relevant time series. The first was at
34°S/50°W, where the cyclone was formed (Figure
9). The pressures and winds were synchronous, and
there was very little difference in vertical move-
ments. The variables in the control case showed
slightly higher values than the active OML case. The
SST difference was around 1°C, the precipitation 0.1
mm/h, the value of the maximum difference of latent
heat reached 20 Wm, and the sensible heat 30 Wm-
2. It is noteworthy that the SST control was higher
than in the case of the active OML.

In terms of vertical profile (Figure 10), there
was a large increase of moisture at all levels plus a
cooling profile, an excellent feature for an increa-
se of low pressure. By comparison, the control case
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also presents higher potential temperature (theta)
values (between 1.0°C and 1.5°C), and lower mixing
ratios (0.6 g/kg) most of the time, with the humidity
difference reaching levels of 650 hPa.

Another point chosen was 40°S/50°W, where
the cyclone deepened significantly. Figure 11 shows
that the sea level pressure in the simulation with
an active OML from 24 July is slightly larger than
that of the control case, as is the case of the upward
movement. As the SST is greater in the control case
(about 2°C), this is reflected in the flow of latent
and sensible heat and in most of the period in wind
strength. It can also be seen that the change in wind
direction occurs slightly before in the active OML
case, with a slight time lag, and with the control case
greater than the active OML case.
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Figure 9 Time series of comparisons between the atmospheric variables in the models with climatological SST (control) and active
OML at the point 34°S/050°W.
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BRAMS MODEL (30km) - Comparison between simulations
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Figure 11 Time series of comparisons between the atmospheric variables in the models with climatological SST (control) and active

OML at the point 40°S/050°W.

In terms of the vertical profile (Figure 12), it
was generally noticed that there was plenty of mois-
ture available at low and middle levels, with the
middle levels slightly cooler and drier on 22 and 23
July, thus favouring convection. By comparison, the
control case also presented higher potential temper-
ature (theta) values (1.5°C) and mixing ratio (0.6 g/
kg) for most of the period, reaching middle levels
(400 hPa).

4 Discussion

The points selected were near cyclones (and
not exactly under them), with the precaution of avoi-
ding the cores of intense convective activity. Thus,
in the rare moments of rain detected at each point,
the control case SST was warmer than the active
OML case. In these events, the precipitation of the
active OML case behaved more persistently than in
the control case, although the latter showed higher
rates of precipitation. This result is consistent with

Anuario do Instituto de Geociéncias - UFRJ
ISSN 0101-9759 e-ISSN 1982-3908 - Vol. 42 -2/2019 p. 245-258

previous studies in which the greater rainfall is di-
rectly related to higher surface temperatures (Silva
et al.,2004). It is worth noting that although the rain
did not significantly differ (to the order of 1 mm/h),
the formation of clouds was well marked at times,
being greater when the SST showed higher values.

The difference field of SST (OML-CON-
TROL) produced large variations in the initial mo-
ments, maintaining differences of about 1 to 5°C,
regardless of the atmospheric phenomenon studied,
since the adjustment of the profile characteristics of
the OML of the LEVITUS climatological base diver-
ged from the BRAMS climatological SST at most
points, as evidenced in the Brazil-Malvinas confluen-
ce region. However, once the SST was adjusted, there
was little change over time (about 1°C). It was also
interesting to note that despite these subtle differen-
ces in SSTs, heat fluxes were expressed in an effec-
tive and direct way: the higher (lower) the SST, the
larger (smaller) the fluxes of latent and sensible heat.
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Figure 12 Time series of the theta (°C) and mixing ratio profile (g/kg) for the control case A and the difference between the ACTIVE

OML and CONTROL cases B at the point 40°S/050°W.

The sensible heat field showed higher discre-
pancies between simulations when compared to the
differences between latent heat. As the amount of
sensible heat is a direct measurement between the
air and surface temperatures, the higher amounts
were due to differences in simulated SSTs and not so
much because of temperature advections. It should
be emphasized that the latent heat flux showed no
negative values, while the sensible heat flux was less
than zero when the SST was colder than the air tem-
perature in both simulations.

5 Conclusions

The physical problem of this study was the as-
sessment of the importance of the correction of the
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SST for specification in the meteorological models
in terms of the impact on the development and evo-
lution of transient weather systems, obtaining cer-
tain important results in the simulations.

The importance of the correction of the SST
through the OML within the BRAMS seemed to be
pertinent since the transient systems may modify the
surface flows in less than 1 day.

In terms of the use of computing resources,
the activation of the OML module in the BRAMS
module did not significantly affect the performan-
ce of the simulations (about 2 hours longer than
the control case) and did not compromise the per-
formance of the experiments, which are important
when considering an operational routine.
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In general, the SST anomalies did not present
latitudinally distributed patterns, but rather isolated
clusters of variations. The active OML initially mo-
dified the SST, and there was an increase in H and
LE, and they subsequently reached medium to high
levels, always associated with deeper events (lifting
of air due to cyclones or fronts).

It was clear that the inclusion of the active
OML in the BRAMS routine did not significantly af-
fect the jets at high levels. The few differences in this
variable were probably related to the different shifts
in convective patterns. However, differences in the
vorticity advection at 500 hPa indicated a change in
the trajectory of the transients. These differences in
the displacements of systems were discreetly obser-
ved through the pressures and variations (in direc-
tion and mainly in intensity) of the winds. In general,
in light (intense) winds, the differences between the
simulations decreased (increased), regardless of the
atmospheric phenomenon in action.

The pressure drops were not significant (1
hPa), so that changes in the surface flow may be re-
lated to the maintenance/persistence of the systems,
advancing or delaying their displacement rather than
changes in their intensity.

However, it should always be emphasized that
the K-T CMO model is thermodynamic and reacted
well to its purpose. The considerable deepening
and cooling observed in the HYCOM simulations
are due to ocean circulation factors (advection by
currents, mixing by the wind increasing the TKE,
Ekman pumping, etc.). For such precision it would
be necessary to direct the study to the coupling of
atmospheric and ocean models, which is beyond the
scope of this article.

Finally, the importance of this study focuses
on the inclusion of a simplified OML model in the
atmospheric model as a low-cost computational so-
lution and, for short periods, it was shown to be effi-
cient in the improvement of surface flows, which of-
ten make the difference in the transient atmospheric
phenomena, as in the case of extratropical cyclones.
However, the absence of large variations in the other
variables in all simulations was probably due to the
response time of the variation of the SST not being
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enough to cause major changes on the large atmos-
pheric scale.
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