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This project realized in the frame a MOU between ESC and CNRS, is composed of two main themes sharing the same
dynamical core of the ocean: OPA. They aim to explore (1) the impact of very shallow ocean mixed layers on the tropical cli-
mate intraseasonal variability and (2) the impact of sub-mesoscale physics on the North Atlantic balance (heat transport, nutri-
ent cycling, CO, pump), both using OPA, coupled to ECHAMS AGCM and biogeochemical model LOBSTER respectively.

This report summarizes the technical and scientific achievements of both themes. The main technical achievement of the first
theme is the setup of the high-resolution coupled model involving the ocean model OPA with 301 levels. Main scientific results
of this first theme are first, the large impact of the diurnal cycle on Sea Surface Temperature (SST, up to 1°C) in high vertical
resolution forced experiments. Second, the first results of the coupled model show a realistic mean state and an improved equato-
rial variability in comparison with previous versions of the coupled model. Further work is needed to clarify the impact on the
high vertical resolution in the tropical variability. The main technical achievements of the second theme are the setup of the cou-
pled bio-physical experiments and the developments of diagnostics for the biological trends within the mixed-layer. Main scien-
tific results of the second theme are the large impact of resolution on the turbulent and the mean state of the physics and of the
biology. Regarding the physics, we see the emergence of intense submesoscale vertical velocities with resolution, together with
significant modification of the stratification of the thermocline and of mode water properties. Further analysis to identify the
mechanisms of these modifications are underway. Regarding the biology, we are finalizing the investigation of the low-resolu-
tion experiments (paper in preparation). This sets the basis for the analysis of the highest resolution runs; first diagnostics already

reveal impressive changes as the resolution increases, in particular regarding the subsurface nutrient reservoir.

Keywords: high resolution OGCM, mixed layer, tropical climate variability, mesoscale physics,
ocean coupling with atmosphere and biogeochemistry

1. First theme: '"The impact very shallow ocean mixed 1.2 Method
layers on the tropical climate intraseasonal variability"' To carry on this project, the use of an ocean-atmosphere
1.1 Objective coupled model is needed to explore the ocean-atmosphere
The aim of this project is to get a better understanding and interactions. The ocean component has a global 3 polar
quantification of the resolved upper oceanic structures with quasi-isotropic grid with a horizontal resolution of about
small vertical scale that can influence the development of  half-degree (ORCAOS) and a vertical resolution of 1 meter
large scale coupled phenomena. Specific objectives of the in the upper layers (301 levels). The Atmospheric grid is a
proposed research will concern the upper ocean equatorial T106 with 31 levels.
dynamics with a focus on the impact of diurnal cycle and the

very shallow barrier layers on the tropical climate variability.
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1.3 Achievements from April 2006 to March 2007

The first step of our work has been to validate the ability
of the oceanic component to reproduce the impact of the
diurnal cycle on SST. We therefore performed two twin
experiments of the ocean forced model from 1992 to 2001
that differ only from their vertical resolution: 301 versus 31
levels (or 1 m versus 10 m in the surface layers). Upper
panel of Fig. 1 shows the time-depth evolution of the tem-
perature during April 1992 in the south of the Bay of Bengal
for the experiment using 301 levels The spring seasonal
warming of the surface layers and day/night oscillations are
is clearly visible. Comparison of SST evolution between the
301 levels (lower panel, black lines for 2h and 5 days mean)
and 31 levels (red line for 5 day mean) experiments shows
that the resolution of the diurnal cycle enhances and sped-up
the SST warming, in agreement with 1D experiments of
Bernie et al. [2005]. SST difference on Fig. 2 shows that the

Depth (m)

impact of the diurnal cycle has a significant spatial and tem-
poral extent that could play a key role in the intra seasonal
variability of the region as suggested by observation [Vecchi
and Harrison, 2002].

Forced experiments constrain SST evolution through the
prescribed 2m air temperature used to compute latent heat
flux. In addition, it suppresses all ocean-atmosphere feed-
backs. In the continuation of this study, we therefore moved
to a coupled ocean-atmosphere configuration and performed
two twin experiments (301 versus 31 levels) but, this time,
coupled to the ECHAMS atmospheric model. This year, our
coupled experiments results focuses on the validation of the
mean state and the large-scale variability. Figure 3 displays
model mean SST and its difference with observations. SST
biases have a longitudinal distribution with a warm bias in
the tropics and in the Antarctic area and a cold bias at mid

latitudes. Note that in opposition with most of coupled
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Upper: time-depth evolution of the temperature during April 1992 in the south of the
Bay of Bengal for the experiment using 301 levels. Lower: SST time evolution of the
301 levels (lower panel, black lines for 2h and 5 days mean) and 31 levels (red line for 5
day mean). Units="C.
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Fig. 2 15 days mean SST difference: 301 levels minus 31 levels in April 1992, Units="C.
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Fig. 3 Upper: model SST 50-year climatology. Lower: differences with observations (TMI
and Reynolds). Units="C.
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Fig. 4 Equatorial SST seasonal cycle, in old coupled model (SINTEX-F, left), new coupled model (middle) and observations (TMI, right).

model, this coupled model does not show any "cold tong
bias" in the Equatorial Pacific. Introduction of a sea-ice
model reduces the warm bias in Antarctic. However, tropical
warm bias remains too strong. Additional tests on the clo-
sure of the heat flux budget at the top of the atmosphere
shown it is a key parameter to greatly improve SST in our
future simulations. Pacific and Atlantic equatorial variability
has been strongly improved (Fig. 4): amplitude of the sea-
sonal cycle is close to the observation and bi-annual cycle in
the Pacific has been replaced by a realistic semi-annual
cycle. As expected, differences in the mean state of the
301/31 levels experiments are weak but improvements are
expected in the intraseasonal variability. This aspect of our
research is just starting and will be fully explored next year.

1.4 Conclusion and Perspectives:
Step by step, we managed to build a Ocean-Atmosphere

coupled model with a very high vertical resolution in the
ocean. We showed this unique configuration is able to repro-
duce the impact of the diurnal cycle of SST and realistically
capture the main features of the earth climate. New year will
be dedicated to the improvement of the model major bias
and the exploration of the intraseasonal tropical variability:

the main scientific target of this project.

2.Second theme: "The impact of sub-mesoscale
physics on the North Atlantic balance (heat trans-
port, nutrient cycling, CO, pump)"

2.1 Objectives:

The scientific objective of this project is to get a better
understanding and quantification of the contribution of sub-
mesoscale physics (eddies and filaments) on tracer distribu-
tions and on large scale budgets (nutrient cycling, heat trans-
port, salt transport). Specific questions are:
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(1) Is there depletion or enrichment of nutrients in the
euphotic layer on the seasonal time scale due to sub-
mesoscale physics?

(2) What is the contribution of the sub-mesoscale physics to
the subduction of organic matter and thus nutrient

cycling on longer time scales?

2.2 Method

To answer these question, we have set up a tilted wind
and buoyancy forced double-gyre configuration (3000%2000
Km) that mimics the North Atlantic known as a crucial
region of CO, sink. This configuration reproduces the west-
ern boundary current, the subtropical and subpolar gyres and
the subtropical mode waters. We focus on five simulations,
differing in the horizontal resolution and lateral dissipation
(Fig. 5). Our most complete simulation has a resolution of
1/54° and couples the ocean dynamics (using the model
OPA9) with an online biogeochemical model (called LOB-
STER). The impact of the small-scales are assessed by:

e Comparing the mean state of the model (equilibrated
heat, salt, and primary production distributions) for the
various model resolutions

* Evaluating the transport trends at fine scales and at large
scales, in the mixed-layer and in the thermocline for
each experiment

* Running biogeochemical off-line experiments degraded
in time and space to dissociate the effect of turbulence
on the biological response

2.3 Achievements from April 2006 to March 2007
Model developments and simulations

* Sensitivity tests for the choice of the advection scheme
and of the diffusion parameter

* 50 years spin-up of the coupled bio-physical experi-
ments (the highest resolution is still running)

* Development of an on-line module to diagnose the
transport trends in the mixed-layer, for heat, salt and
biogeochemical tracers

* Set up of the first off-line experiments

Analysis

* Physics alone: our results have highlighted an unexpect-
ed sensitivity of the mode water properties and thermo-
cline stratification to the biharmonic diffusion parame-
ter, even in the case of what is generally considered as
"diffusivity to ensure numerical stability".

* Physics alone: Emergence of intense vorticity filaments
associated with strong vertical velocities when the reso-
lution is increased (Lévy, 2006).

* Physics alone: The resolution change from 1/9° to 1/54°
have consequences as dramatic as the resolution change
from 1° to 1/9° (current state of the art of global ocean
model). The mean differences concern the penetration of
the eddy kinetic energy into the gyres, the stratification
of the thermocline and the mode water properties.

* Validation and analysis of the coupled experiment at
1/3°: our analyses suggest the low nutrient content of
subtropical mode waters (Fig. 6) is due to winter pro-

Fig. 5 Sea Surface salinity in the experiments ranging from 1° to 1/54° resolution. The increase in

resolution is associated with the emergence of energetic mesoscale activity, which modi-

fies the mean state. Outputs are shown after a spin-up phase of 100 years.
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Fig. 6 Cross section of potential density (left) and nitrate (right) in October in the 1/3° simula-

tion. The black water mass is the Subtropical mode waters and is characterized by rela-

tively low nitrate concentration.
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duction at the time of subduction. We also explored the =~ References

impact of this poor water mass on the large scale pro- Bernie, D. J., S. J. Woolnough, J. M. Slingo and E.

ductivity. The next step will be to see how the results are Guilyardi, Modeling 2005 : Diurnal and Intraseasonal

changed when the resolution increases. Variability of the Ocean Mixed Layer., J. Climate, vol
* Analysis of the coupled experiments at 1/9° and 1/27": 18 (8), 1190-1202.

the first results show significant changes in the subsur- Lévy, M., 2007: The modulation of biological production by

face nutrient reservoir when the resolution is increased. oceanic mesoscal turbulence, Lecture notes in Physics,

This result still has to be confirmed, and would signifi- Transport in Geophysical flow: Ten years after, in

cantly change our current understanding of the impact of press.

mesoscale eddies on primary production. We believe Vecchi, G. A., and D. E. Harrison, 2002: Monsoon breaks
that this effect is the primary cause of the difference in and subseasonal, sea surface temperature variability in

primary production that we observe. the Bay of Bengal. J. Climate, 15, 1485-1493.
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