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RESUMO: Aqui sédo mostrados alguns resultados da aplicag@mdmodelo deurbuléncia unidimensional
(GOTM) no estudo da evolugédo da camada de mistiganica (CMO), utilizando, como condic¢des iniciais
e de contorno, dados de uma bdia PIRATA situadd@Doeano Atlantico equatorial. General Ocean
Turbulence Model (GOTM) — www.gotm.neesenvolvido recentemente por cientistas eurgp&usm
modelo unidimensional que simula mistura turbulegpé@a o oceano, resolvendo o escoamento meédio
através da aplicagdo da média de Reynolds as ezpipgnitivas e 0 escoamento turbulento utilizando
modelo k-e com fechamento turbulento dé @rdem algébrico. Os resultados mostram que o model
simplificado usado neste trabalho é capaz de sinauhaistura turbulenta devido a presenca de veagos
superficie. Entretanto, alguns ajustes ainda s@&essérios, como a inclusdo do fluxo de agua doce na
superficie para melhorar os céalculos da salinidadeéensidade. A estimativa do balango de calor na
superficie também deve ser aprimorado futuramente.

ABSTRACT: Here are shown some results of an one-dimensionalience closure model application to
study the oceanic mixing layer variability usindRAITA data, as initial and boundary conditions, kechon

the equatorial Atlantic Ocean. Tieneral Ocean Turbulence Model (GOTM ) — www.gatindeveloped
recently by an European oceanic research team|aenine oceanic mixing by solving the mean flowngs
the Reynolds averaged primitive equations and usikyg model with an algebraic second-moment closure
for the turbulent quantities. The results show thatsimplified model used in this work is ablestmulate
turbulent mixing due to surface stress. Howevemesadjusts are still need, as for instance, thiesian of

the surface freshwater flux for a better estimawdrthe salinity and density. The surface heat rixda
estimate also should be improved in the future.
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INTRODUCTION

The tropical Atlantic Ocean occupies a narrow basimounded by continents where usually there is
intense convection. The position and intensity afwection over tropical oceans are sensitive togba of
sea surface temperature (SST). The SST over tlamntitltropical is related to regional climate anbesa
and to the displacement of the inter-tropical coggace zone (ITCZ) (e.g. Hastenrath, 1991).

Over the tropical Atlantic, the southeasterly andimeasterly trade winds are separated by the ITCZ.
Its seasonal displacement is such that it is alvesys/armer waters. When this convergence zonesdift
the north — responding to the seasonal variatioihefsurface heating — the southeasterly tradesatnolss
the equator and intensify. The ITCZ reaches it nmasthern position, approximately at°N) between
August and September. When the superficial seawla¢eomes colder at the southern hemisphere,
approximately between March and April, the ITCZaless its most southern position (Wang and Carton,
2003), when the rains season occur over the nattloé&8razil.

Carton et al. (1996) studied the role of many \@es which control the meridional gradient of SST
and found that the latent heat flux variations &asmportant role, which are associated with flatitans of
the surface winds.

Chang et al. (2000) suggested that the northwesbrreof the tropical Atlantic presents an intense
positive feedback between the ocean and the atraosplue to changes in wind speed and SST: relaxatio
of the winds reduces the cooling of the SST duevaporation, leading to higher SST, which, in tlead to
relaxing the winds. Furthermore, they found a niggateedback at the northeast region of the trdpica
Atlantic. According to Wang and Carton (2003), rhosf general circulations models produce an exgess
latent heat as consequence of errors associafgddoostics of humidity in the atmospheric boundayer.



The oceanic mixing layer (OML) is the upper layéittee ocean. Its depths vary from tens to a few
hundreds of meters, where the density is approeipmdhe same as the surface. The OML exists due to
turbulence mixing, which is caused by the surfatess and waves. An effect of mixing is to turn the
seawaters properties (temperature and salinity)olgemeous, and so, the density. The depth of the OML
depends mainly from the seawater stability and @hergy provided by the wind. Greater the seawater
stability, thinner is OML depth. The stability dfe water close to the ocean surface is controbeichlly by
the surfaces fluxes. Many physical processes (eat, momentum and gases budget between the ocgan a
the atmosphere), chemical (e.g. £Lfssolution from the atmosphere) and biologic .(@hytoplankton
blooms) occur in the OML, been an important comporfer climatic, pollution, and biologic studies,
among others. Indeed, understand the dynamics @aatify the magnitude of the surface turbulent éisixs
fundamental for improve climate, atmospheric aneboec modeling.

The main goal of this work is to study the relevphysical processes on the development of the
tropical Atlantic mixing layer at 023’W, when the ITCZ is at its most southern positibat@eeen march
and may approximately). To do so, a one-dimensiturAllence closure model has being usedGéaeeral
Ocean Turbulence Model — GOTNhis model has been widely used on studies tuitant processes over
many water environments: open ocean, costal odelr, etc (e.g. Burchard, 2002). One-dimensional
models are simpler and allow for a better comprsieenof physical processes than bi and tri-dimereadio
models, which are more complexes.

DATA AND REGION OF STUDY

Thein situ meteorological data, from a PIRATA budyilpt Research Moored Array in the Tropical
Atlantic) have being used to estimate the surface fluxdssahas boundary conditions, while the PIRATA
oceanographién situ data are set as initial conditions in the modéle PIRATA buoy is located at 19
23°W). The observed variables used in this work acevshin table 1.

The PIRATA dataset does not provide a long serietserved sea surface pressure and therefore the
sea surface pressure data from NCEP2 reanalysisdlemsused in this work (Kanamitsu et al., 200dn&y
et al., 1996). For bottom boundary conditions, imand no fluxes conditions are used.
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Figure 1: Six yearmonthly averaged PIRATA data from buoy at, (83W). (a) Accumulatedprecipitation
and (b) wind intensity.

Figure 1a shows the ITCZ presence over the redietween February and May, when occurs the
maximum of precipitation. The trade winds are weakging the first semester of the year (figure. 1b)

NUMERICAL MODEL - GOTM

In GOTM, the statistical treatment of turbulencebigsed on the Reynolds averaged primitive
equations, separating the flow in two fields, meard turbulent. The model calculates the turbulent
guantities in the Reynolds equations (Reynoldsaiesnand the heat and salt turbulent fluxes) usiagcand
order closure model and the: equations (Burchard, 2002).

The model equations were discretized by an impleimerical scheme, centered in space and
advanced in time, using Canuto et al. (2001) secoder turbulent closure. The time step was oféfbrds
and the grid cell size of 1 meter. The model wassfan 5 month long, from January to May and usé¢otal
depth of 200 meters.



RESULTS

The results shown here are the preliminary onesimdd from the basic implementation of the GOTM
in the Laboratory of Air—Sea Interaction of IAG-USPhe simulation was from March to May, when the

ITCZ is over the region.

In;gmta Specification on the model
Air temperature; Upper boundary conditions:
Sea surface temperature; « Moment and heat turbulent
Meteorological Relative humidity; fluxes (Fairall et al. 1996);
Wind components (u and v);  Long-wave surface balance
Downward short-wave. (Hansterath e Lamb 1987).
Oceanographic Terr\llr;?trieclgllrsr,osfﬁ(!glggrcl:dpt):.urrent Initial conditions.

Table 1: PIRATA in situdata used in the simulation and theirs specificati

Figure 2 shows the simulated and observed SST.iteesile model underestimation of the SST, its
variability has a good agreement with the obseowatiduring the period. This underestimation seeniset
related to the estimation of the surface heat loal@amd needs to be better investigated.
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Figure 2: Sea surface temperature. Black line for the oladenv and red line for the
simulation results.

Figure 3 shows the surface wind stress intensityttfe first two weeks of April. One can observes
that, at the final of this period, beginning arowdady 12, there is an intensification of the windspsing
until the end of the period.
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Figure 3: Surface wind stress intensity during the firstglajApril.




Figure 4 shows the extension of the OML, which t@ninferred considering the depth that the
temperature gradient is almost null.
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Figure < Vertical temperature profiles. (a) April 11, dagfore the strong wind event and
(b) Aprill4, day after. Black line for the obserneat and red line for the simulation results.

The OML simulated (Figure 4a) is shallower befdre strong wind event shown in Figure 3 (April,
12-13) when compare to the day after of the evieigufe 4b). It should be expected once that hig¥ied
stress on the ocean surface, higher the mechanigat and therefore, deeper the OML. The OML obeserv
(black line in Figure 4b) during day 14 of April aslittle deeper than the numerical one (red Imé&igure
4b).

CONCLUSION

The SST is the oceanic variable which most affdeésatmosphere circulation. Over the equatorial
Atlantic Ocean, the variability of the SST is drivmainly by the zonal surface stress and the ldteat flux
(Carton and Zhou, 1997). Both processes are retatdte mixing in the ocean, caused by the geroeratf
mechanical turbulence and the static instabilitpwidver, how the OML and its depth variation inflaerthe
dynamics in this region still need to be furtheplexed. Chang et al. (2000) pointed out the netessi
better understand the process occurring in therottet may influence the ocean-atmosphere feedliacks
this region. So, more detailed studies of the Wiy of the OML to the air-sea interactions irighregion
are necessary.

Here is shown preliminary results of a study of @dL variability over the equatorial Atlantic Ocean
applying a one-dimensional turbulence closure mdtielGeneral Ocean Turbulence Model (GOTM3ing
in situ data from the PIRATA buoy and NCEP2 reanalysise Tiodel was capable to simulate the SST
variability despite of its underestimation, whiakvealed the necessity of some corrections for thtace
heat balance. It was verified the need to inclddefteshwater surface flux during the ITCZ period &
right density simulation. The freshwater surfaacex fhas influence on the simulated water salinitg an
therefore on the oceanic density which is comp@itesh temperature and salinity data using the UNESCO
algorithm (Fofonoff and Millard, 1983).

The model has shown capability to simulate the Qdtrainment due to mechanical production of
turbulence and, therefore, vertical mixing in tloean.
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