UPPER OCEAN MIXING IN THE NW WEDDELL SEA DURING WINTER
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Weuseasubset of the DOVETAIL
data, in conjunction with model 665
output and current meter data
collected prior to DOVETAIL, to
investigate vertical mixing
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The figure above depicts the study area covered by the 1997 Dovetail cruise. In the present
study, we focus our attention on Section 1, acombined mendlonal (48-50° W) and zonal
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ocean ADCP observations (black arows). The vectors reflect the average on-station ADCP

processesin the upper ocean. (~63°S) transect. pointsindicate | gations. measurement (103m - 263m). Vectors of magnitude smaller than the CATS model RMStidal current
speed (shownin color) are not included. Future work will include using an improved CATS model to
Tl ing ined at each ic station: remove the tidal signa from ADCP measurements.

« afull-depth CTD cast made using aSeaBird SBE 911 system, and
* upper ocean (~20-350 m) vertical current profile measurements made using an RDI 150-kHz

hull-mounted ADCP.

The mean circul ation south of about 61°Sisdominated by the western Weddell boundary current and
reflects strong topographic control. Initially flowing northeastward, this current bifurcates east of
Joinvillel. One branch continues eastward south of the South Orkney Plateau, whlleaﬁcond branch
veers sharply left, toward the northwest, and is the pri toacycl ion about
Powell Basin. A portion of this latter branch flows southward then eastward around the Plateau.

REGIONAL TIDAL CURRENTS

Moored current observations and numerical model output provide
information on tidal currentsin the study area. Modeled tidal
currentsin the basins are less than 5cm s, however, tides interact
with the shelf and bank topography to produce localized currents that
can exceed 40 cm st in shall ow water (see mean circulation figure).

The topographic dependence of strong tides is shown clearly in
current meter data obtained from moorings located across shelf
break to the southwest of Joinville Island. The major axes of both
the semidiurnal and diurnal tidal constituentsincrease with
decreasing bottom depth (see figure below). Estimates from the
CATS 99.2 model are also shown for comparison. CATS 99.2
overpredictsdiurnal tidal energy near the shelf bresk, whereas a
preliminary inverse model solution for Weddell Seatides
underpredicts the same signal. Further inverse modeling using
current meters and tide height data will be used toimprove the
model-data fit.
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SEMIDIURNAL CURRENTSIN
POWELL BASIN

Stations 60-65 were taken a ong the section across Powell Basin with
approximately 6-hour intervals between adjacent stations. Current
profiles at these stations showed semidiurnal flow reversals of order
10 cm s? (seefigure below) between 125 225m. The greatest shear

appeared to be i with the below the
base of the upper mixed layer.
T ini: of th internal waves

noted in CTD profiles from the southeast part of our study area by
Foster [1994] and may reflect tidal or inertial motions originating on
the banks and shelves to the east and west.
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MIXING CONSIDERATIONS
Using the ADCP, we measured large shears in stratified regions of the water column, that shear instabilities may beacti d provide a
for producing vertical mixing. Possible sources of this shear include baroclinic tides that may be g d at th inertial waves

i opes,
forced by flow over topography or by wind stress. We use the gradient Richardson number (Ri) and Vertical Diffusivity (K,) estimates asguides to the possibility
of mixing occurring in the stratified part of the water column.

Richardson Number Vertical Diffusivity

o estimate the Richardson number, we used R=N?/S, where N isthe To estimate the vertical diffusivity, K, we use the bulk diffusivity
buoyancy frequency obtained from CTD dataand Si of P and Philander [1981]:
the vertical shear of horizontal velocity. From ADCP data: K, =[5x 105+ 104(1 + SR J[(1+ 5 R)? | + 105

S=(MU)IAZ)>(AV)IAZ)? Thi of K, (me/s) r bulk indicating
where regions of weak stretification and strong shear are more likely to
correspond to regions of high vertical diffusivities.

Here, (.) indicates averaging over the ADCP depth bin (height Az=8 m)
and the on-station time period 7" (typically ~2 h). . . .

The estimates of K, are shown for Section 1 a ong with temperature (T),
With Az=8 m and T=2 h, we do not fully resol ve velocity shear and N(2) dissolved oxygen (DO), density (o), and bottom depth (see figure below).
variations [Wijesekera et al., 1993, thus Ri is generally overestimated

° ! = > Temperature (T)
andis only arough guide to mixing. With this caveat, we assume that

Ri < 0.25 => Mixing s likely (shear instabilities)

Ri<10 =>Mixingis probable (shear instabilities on scales < Az
& T, or advective ingtabilities).

Asan example, detailed results of our mixing calculations are shown for
station 60 (see figure below). Herewe show the vertical profiles of
temperature and density obtained from the CTD dataaong with
calculated valuesfor N, S and Ri. A strong shear |ayer is seen between
175 mand 240 m with associated low Ri numbers between 0.25and 1.0.
The effects of mixi with the low Ri ber: beseenin
the temperature and density profiles.

Based on calculations such asthese for al stations:

 Ri<1a more locationsin Powell Basin and on the Peninsula
dopeand shelf than elsewhere.

o Low Ri coincided with strong tidal currents seen over the inner
peninsulashelf and with the semidiurnal ly varying mid-water
column shear seen in central Powell Basin.
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Hest Fux Estimates at Several Depths

To assessthe effects of mixing on vertical heat fluxesin the region, we used the Fe
vertical diffusivity values to estimate heat fluxes between layers. Heat fluxes between

adjacent bins at each station were calculated using:

[0
H,= pC, K, ATIAZ

/\/\‘”‘/‘ﬂ
where C, is the heat capacity of seawater, Az=8m , and T and p are the temperature
and density obtained from CTD measurements. Tl fowa| e

Heat flux estimates between severa layers are shown below for the entire DOVETAIL
study area(see figure). The mean heat flux over the Powell Basin and the adjacent

conom oepn oo
banks and shelvesis estimated a ~4 W m2, compared with ~2 W m? over the other £

regions. For comparison, Robertson et al. [1995] found ~2 W m2 in the western Fn . b —_—
Weddell Sea, and thelarge-scal e mean flux from WDW in the Weddell Gyreis ety R

estimated a ~19 W m? [Fahrbach et al., 1994].

 Tidally generated currents, enhanced by the complex topography associated with shelves and
banks east and northeast of the Antarctic Peninsula, are a primary regiona source for upper
ocean mixing.

* Winter water mass modification on the inner Antarctic Peninsula shelf was probably enhanced

* A significant baroclinic semidiurna signal persistsin weekly stratified areas avay from the
regions of topographi cally enhanced currents. Thesource of the signal may be the generation

CONCLUSIONS

by benthic tidal stirring.

Diapycna mixing below the mixed layer, subsequent to interleaving, can be driven by tidal or

inertia shear.

of internal tidal waves astides flow over the adjacent continental siope.

Based on the Pacanowsky and Philander [1981] vertical diffusivity parameterization, the
average vertical heat flux through the thermoclinein Powell Basin is 2-3 times greater than the

average vertical heat flux (2W m2) elsewherein the region.

REFERENCES
Fahrbach, E., G. Rohardt, M. Schroder, and V. Strass, 1994: Transport and structure of the Weddell Gyre, Annales Geophysicae, 12, 840-855.

Foster, T.D., 1994: Large, stepli P eand sadlinity structt bserved in the central Weddell Sea. AntarcticJ. of the United Siates, XXIX
(5), 99-100.

Pacanowsky, R. C. and S. G. H. Philander, 1981: Parameterization of vertical mixing in numerical models of tropical oceans. J. Phys. Oceanog,, 11,
1443-1451.

Weddell Sea, J. Geophys Res,, 100, 18,517-18,536.

strong mixing. J. Phys. Oceanog., 23, 269-286.

Robertson, R., L. Padman, and M. D. Levine, 1995: Finestructure, microstructure, and vertical mixing processesin the upper ocean in the western

Wijesekera, H., L. Padman, T. Dillon, M. Levine, C. Paulson, and R. Pinkel, 1993: The application of internal-wave dissipation model s to aregion of

ACKNOWLEDGEMENTS

Weddell Sea.

The research reported here has been carried out with funding from NSF grant OPP-9527667. Weare indebted to Eberhard Fahrbach of the Alfred-
Wegener-Ingtitute in Bremerhaven and Marc Garcia of the UPC in Barcelonafor providing us with the moored current observations from the NW



