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The purpose of this project is to study the dynamics of the upper oceanic layers (the first 2000m below the surface) and
principally to get new insights on the effectiveness of the oceanic vertical pump at a basin scale through numerical experi-
ments using ultra-high resolution. If the magnitude of this vertical pump when using such a resolution is much larger than
anticipated, then the expected results should have an important impact on basin-scale SST and circulation through the vertical
fluxes of heat and potential vorticity. Indeed preliminary studies already indicate the significant contribution of this eddy ver-
tical pump to the modification of the surface layers heat content ([1], [2]). Thus the expected new results should be of impor-
tance for climate studies. Furthermore they should provide a clue for the missing physical mechanisms that should alow to
close the phytoplankton balance in oceanic basins ([3], [4]).
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1. Research Objectives thin structures are also verticaly thin.

The scientific context is the following. Recent numerical With the advent of computers such as the Earth Simulator,
simulations ([5], [6]) have investigated the impact of high it isnow possible to get new insights on the effectiveness of
horizontal resolution (up to 1/64™ degree) on the oceanic cir-  the vertical pump on the oceanic general circulation at a
culation in the North Atlantic. Such high resolution leadsto  basin scale by using an appropriate 3-D ultra-high resolu-
an explosion in the number and strength of mesoscale  tion. This resolution should be better than 1/64™ degree in
(O(200 km)) and small-scale (O(10 km)) eddies and frontsin  the horizontal and not larger than 3 m on the vertical (at least
all oceanic regions, with a resulting eddy kinetic energy  in the first 500 meters below the surface). Using such a reso-
increase by a factor of 10 when compared with a resolution  lution should allow to reproduce the magnitude and proper-
of 1/6" degree. This strong eddy kinetic energy increase and  ties of the vertical pump. For this project, the numerical code
the qualitative nature of the mesoscale structures that emerge used is ROMS (Regional Ocean Modelling System), a
(involving coherent vortices as small as 10 km) are consistent Primitive Equations model developed at Rudgers University
with recent satellite and in-situ observations ([7], [8]). (USA) and UCLA (USA). This code distributed freely to the
However, because of computer resource limitations, these  international community is vectorized, includes MPI rou-
simulations have a poor resolution in the vertical (6 layersat  tines and uses highly accurate (3 order) advection schemes
most). As a consequence some important dynamical features,  for the momentum, density and tracers. Such numerical code
such as the vertical velocity related to the eddy field, are still can be used to perform simulations at a basin scale compara-
underestimated. A quantitative assessment of this vertical ble to the North Atlantic or North Pacific with ultra- high
velocity field, that entirely controls the exchanges between  resolution in the upper oceanic layers.
the deeper and upper layers, requires to put the effort on both We intend through this project to quantify the impact of
the horizontal and the vertical numerical resolution througha  the eddy vertical pump, in an idealized domain, on the basin-
three-dimensionally consistent discretization ([9]). The rea-  scale SST and circulation. The new feature that should be
son is that the nonlinear dynamics of mesoscale and small-  taken into account is the contribution of the submesocale
scale structures is characterised by a Burger number value of  structures (with a size between 2 and 10 km) to the vertical
the order one. This generic property implies that horizontally ~ pump.
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Fig. 1 (a) Snapshot of the Sea Surface Height (Units in colorbar are centimeters). Domain size is
1000 km*1000 km. (b) Corresponding relative vorticity field near the surface (Units on colorbar are s*.
Colorbar islimited to 2f, but minimaattain 5 f (f is negative)).

2. First results

During December 2004 we visited the Earth Simulator
Center for 10 days to make the performance tests and run
some preliminary simulations with ROMS. The successful
tests allow us to use at least 64 nodes (512 processors). We
made another 10-day visit in March 2005 to perform some
high resolution simulations close to those required to fully
study the vertical pump. The simulations run in March con-
cern the nonlinear equilibration of a baroclinic unstable flow
in azonal beta-plane channel. The parameter setting roughly
corresponds to the Antarctic Circumpolar Current region,
one of the regions of the real ocean where the idealized
geometry and forcings we used well apply. The numerical
resolution is 1 km*1 km in the horizontal and involves 100
levels on the vertical, with a vertical grid spacing ranging
from 2 m near the surface to 100 m near the bottom. The
domain size is 2000 km*3000 km in the horizontal and
4000 m in the vertical. Fig. 1a shows a snapshot of the Sea
Surface Height (1000 km*1000 km) that displays eddies
with size varying from 200 km to 10 km.

First analysis of the non-linear regime reveals that the
dynamics in the upper layers is strongly ageostrophic. The
mean Rossby number is close to one and the Burger number
is of order one. Relative vorticity reaches magnitudes as
strong as five time the Coriolis frequency (f). The relative
vorticity field (see fig. 1b) displays strong filaments (with a
value larger than f) that are stable and therefore elongated on
alarge scale. The stability of such strong filaments was not
expected. Large vortices with a diameter of about 200 km
have a value that can be close to f but strong coherent
cyclonic vortices with asize as small as 10 km have avortic-
ity magnitude that can attain 5 1.

A quick analysis of the vertical velocity field in the upper
layers (fig. 2) reveals the dominance of the submesocale
structures. The increase of the vertical velocity variance
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when the resolution is increased is mostly captured by the
finest submesoscale elongated structures where the vertical
velocity (w) can attain, at a depth of 200 meters, values as
strong as 300 m per day. As expected we observe a strong
skewness of w at those depths with the downward velocities
having the largest values and located within thinner elongat-
ed filaments. Such skewness and asymmetry is present in the
first 500 m and the w-structures become broader at larger
depths.

Analysis of some vertical sections has displayed a feature
we never observed before. The vertical velocity in front
regions displays slanted features organized in the form of
bands. First tests indicate that these features do not result
from anumerical artifact. The Ertel Potential Vorticity keeps
the same sign on those regions but its values are close to
zero where the bands are observed. This would suggest a
possible role of the symmetric instability. A further thorough
analysis needs to be done to understand those features.

3. FutureWorks

The first results obtained indicate an energetic dynamics
associated with the submesoscal e structures that are resolved
with a 1 km resolution. The rich spectrum of small-scale
mechanisms displayed should have an important impact on
the underlying mixing in the upper ocean. However simula-
tions with a much longer time duration are needed in order
to attain the full nonlinear equilibrium (so far the simulations
done do not exceed atotal duration of 300 days). Such simu-
lations should allow to study and quantify the impact of the
energetic submesoscale physics on the mesoscale eddy tur-
bulence and in particular on the energy and enstrophy cas-
cades. Another item is to activate a tracer equation in order
to characterize the effects of the finer submesoscale motions
on the vertical exchange (at a basin scale) of any properties
between the surface layers and the ocean interior. At last we
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Fig. 2 Asfig. 1 but for the vertical velocity field at 100 m
(unitsin colorbar are m/s).

intend to use a higher resolution on the vertical to under-
stand the effects of the vertical resolution on the small-scale
vertical structures (such as the slanted structures). All these
items should be completed within the fiscal year 2005-2006
to better characterize the vertical pump organized by the
mesoscal e eddies.
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