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Erl¢ D. Skylllngstad
Donald W. Denbo

Battelle • Marine Sclence_Laboratory
Sequln_,Washington

1. INTRODUCTION report,we discussrecent modeling re,suits for the equato-

Mixing in the ocean surfacelayer is an impor- riedPacific showing the generation of convection, turbtt-
tent process In the transportof lleat, n_oment_u'a,and lance, and internalwaves.
CO2 into the deep ocean. For exmnple,the flux of heat 2. RESULTS
into the cold, upwelling water ha equatorial regions The model is based on d_e two-dJmertsiorml,

provides one of the majorheat sourcesdrivingthe ocean noahydrostatic, Boussinesq equations of motion with an
circulation. Direct measurementsof the ocean mixed incompressible flow assumption. Subgrid scale processes
layer have provided good estimates of the bulk layer areparmneterizedusing a version of tl_estandard Smagor-
properties.However, estimates of thesmall-scale effects insky (1963) _ubgrid-scale model. A full equation of state
of internal waves and related turbulence have remained forsea water it used; however, in tlm work described here
m_biguous because of the difficulty in observing these salinity was held constant, The domain size for the simula-
processes (Mourn et el. 1992; Wijesekera and Dillon tion was 1280 x 200 m with 5 m resolution. Initialization

1991), Until more detailedmeastlrementsbecome avail- of temperature and zonal velocity from the surface to 150-
able, numericalmodelscanprovidea convenientand m depth was based on vertical profiles reported in Hebert
cost-effective way to analyze the details of the sttrface et al. (1991) for a location on the equator near 1350 W, A
mixed layer., linear"extrapolatioa was assumed for both temperattu'emid

Modeling the surface layer of the equatorial velocity below 150 m. A constant surface wind stress of
PacificOceanischallengingbecauseofthestrongverti- 0.05Nm"2wasprescribedalongwith m idealizedsurface
cal current shear and density stratificationcommon to heat flux rep:es_ting typical conditions at 135° W. A 3-
the region (Figure 1). The primary zonal current is the day simulation period was chosen, allowing the model to
eastward flowing Equatorial Undercurrent (EUC) adjust during the first day and still provide two full heating
centered at roughly 120 m depth, with a speed of about cycles for analysis.
1.5 ms"l as shown in Figure 1. The EUC is forced by a Plots of the model vertical velocity and tempera-
zonal pressure gradient resulting from the westward ture structure are shown for times representing sttrface
directedsurfacewindstress(McCmary1981).Above heating(Figure2) andsurfacecooling(Figure3)from
theEUC,thewindstressdirectlyforcestheSouthEqua- simulationday2 and3.Themodelrevealsthatthesurface
torialCurrent(SEC),whichflowswestwardwitha mixedlayerandthermoclineundergoadiurnalcyclewith
speedofabout0.5ms"I.Theshearzonegeneratedby internalwavesactivethroughoutthesimulation.Thechar-
thesecurrentsismarginallystableandexhibitsadiurnal acterofthesewavesisstronglyaffectedby thesurface
cycleofturbulencedep_deaaton convectionforcedby heatingcycle.Duringtheday,tl_ewavesoutsidethether-
surfacecooling(e.g.,Mourn etal.1989).Inaddition,moclineregionarealmostrandominscalewithwave-
surfaceconvectionforcesinternalgravitywaves,whicl_ lengthsbetw_n 50 md 200m andphasespeedsranging
cantransportmomenttmlawayfromthesurfacecurr_t fromneatzerotoabout0.Ims"t(Figure2).Atnight,the
todeeperwaters(WijesekeraandDillon1991).In_s wavefieldbecomesmorecoherentwithadolrdnantwave-
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Figure 1. Schematicof the equatorialcurrent Figure 2. Temperature mad vertical velocity
structure, after 2 simulation days. Contour interval for vertical

velocity is 0.02 m"1and for mmperatum Is 20 C.
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Figure 3. Sawn=as Figure 2 for simulation day Figure4..Average rateof change for horizontal
2.5 and with a vertical velocity contour interval of0.04 velocity duringday 3 ofthe simulation.
ms -l.

3.CONCLUSIONS

(Figure 3). Both the wavelength and strength of the In conclusion, m_medc.al simulador_have
,_octumal waves are similar to a wave event observed shown 1hatinternal waves are produced by critical layer
usi_tga towed thermistor chain as reported in Hebertet inte_e,ction in the equatorial surface layer andcan trans-
al. (I992). Also, the dominant wavelcngtll of about 200 port eastward momentum downward by pnxlucing a
m agrees with the time serie_ s.nalysi_ presented in wave &ag at two critical layers. The strength ofthe&_g
Mourn et al. (1992) for the 4-day period begitming on is of the same order as other terms in the zonal current
April 14, 1987. budget equation.

A number of conceptual models have b_n Actnowled#ments, This work was 6upported
proposed to explain the formation of internal waves in by the U.S..Deparunemt of Ea_ergy (DOE) tinder
convective, sheared flow. The most popular hypothesis Contract DE-ACO6.76RLO 1830.
treats convective plumes as independent structures tha_

act as obstacles to the mean flow, generating trapped Heber't,D., J'.N, Mourn, C. A. Paulson, D. R. Caldwell,
internal waves. In the numerical model, this process is T.K. Chereskin, M. I. McPhaden_ 1991. The
active only during the initial _pin-up pha_e of the cimt, role of the turbulent stress divergence in the
lation. As soon as internal waves are generated, the equatorial pacific zonal momenttm_balance. J.
convection becomes a forced internal mode, which Geophys. Res.,96,7127-7136.
weakens during the daytime stabilization period,but
does not completely dissipate. Hebert, D., J.N, Mourn, C.A. Paulson, D.R. Caldweli,

The key to the internal mode forcing is the 1992. Turbulence and internal waves at the
presence of critical layers at 35 and 150m depth, where equator. Part II: details of a single event. J.
the meaa_velocity is about0. I nta-1,rnatching the dotal- Phys. Oceanogr., Iri Press.
nant intenud wave phase speed. During the cooling McCreary, J,P., 1981, A linear stratified eco.as model of
period, the Richardson number in the upper critical layer the equatorial undercurrent. Philos. Trans. R.

Soc London, Ser.A., 298, 603-635.drops below 0.25, creating an unstable gravity wave
mode with energy being transferred from the mean flow Mourn, J.N., D.R. Caldwell, C.A. Paulson, 1989. Mix-
to the Internal wave. When surface heating is imposed, ing in the equatorial surface layer and ther-
the internalwaves decrease InstrengthaJ_ act as a drag mocline. J, Oe,ophy;. Re,_.,94, 2005-2021,
to the mean flow near the critical layers (Figure 4). TI_o Mourn, J. N., D, Hebert, C. A. Paulson, D. R. Caldwell,
magnitude of the wave drag is comparable to the turbu- 1992. Tutbdence and intenmt waves at the
lexu dissipation rate and the large-scale zonal pressure equator. Part I. Statistics ftore towed thet-
gradient estimated by Hgbert ct al. (1991), implying that misters and a microstructure profiler. J. Phys.
the internal waves may play a significeaatpart in the Oeeanogr., In Press.

zonal momentum l.xldget.The crhicaI layer instability Peters, H., M. C. Gregg, and J. M. Toole, 1988. On the
also promotes the gencralion of small scale waves with parameterizatlon of equatorial turbulence. J.
waveletlgths between 30-60 m that _e similar in Oeophys. Res.,93, 1199-1218.

appcat_mceto Kelvin-Hehtdtoltz billows. Tltese distur- Smagorinsky, J., _,963,General circulation experiments
bm_ces may represent the beginnings of hydrodynamic with primitive equations. I: The basic experi-
instability, explaining the diurnal cycle in turbulezlt ment. Mon. Wea.Rev., 91,99-164
dissipation observed in the upper portion of the ther-
mocline. Also, measurements of turbulent dissipation Wijisekera, H.W. and T.M. Dillon, 1991. Internal waves

and mixing in the upper equatorial Pacifictaken beneath the EUC by Peters et al. (1988) support
Ocean..i'. Geophys. Res., 96, 7115-7126the existence of acritical region near 150 m depth.
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