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Chapter 6  Collaboration Projects

This report first summarizes the developments and opti-

mizations for the Earth Simulator that have been done on

OPA (the shared dynamical core). Then it details the results

obtained for each theme.

1. Numerical aspects
OPA is a highly vectorized code with massive used of

unrolling. We therefore concentrated our efforts on the par-

allelization of the code. First, we merged 3D communica-

tions that were initially designed for macrotasking (autotask-

ing NEC) in a unique and larger communication. Second, we

worked on the 2D communications associated to the compu-

tation of the sea surface computation. Two strategies have

been tested:
• The implicit time-scheme that needs an elliptic solver.

We changed the solver from a preconditioned conjugate

gradient (PCG) to a successive over relaxation (SOR).

The SOR (using Red-Black technique for vectorization)

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, CO2 pump), both using OPA, coupled to ECHAM5 AGCM and biogeochemical model LOBSTER respectively.

This report summarizes the technical and scientific achievements of both themes. Improvement of the model parallelization

allowed us to use 54 nodes for our biggest configuration. The first theme focused its work on validating the physics of the 301

levels configuration. After solving a numerical instability problem, the model is now showing very realistic equatorial circulation

and is ready to be coupled to the atmosphere. Achievements of theme 2 concern the 100-year spin-up runs of eight configurations

(physics only) corresponding to increasing resolution. Preliminary results show spectacular intense fine scale structures in verti-

cal current and mixed layer depth, and large differences in the mean state of the basin between when resolution is increased.
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ocean coupling with atmosphere and biogeochemistry

is an older solver supposed to be less efficient, but, it

requires less communications. In addition, taking advan-

tage of the cheap computation coast of SOR, we add

extra halos on the 2D solver part to further reduce its

communication.
• The time-splitting scheme. In our first tests, it appears to

be more time consuming than optimized SOR solver

(over cost of 10%).

All these improvements lead to a very significant decrease

of the elapse time. That was the key issue to be able to run

our biggest target configuration (1622 × 1082 × 101) on 54

nodes.

2. First theme: "The impact very shallow ocean mixed
layers on the tropical climate intraseasonal variability"

2.1 Objective

The aim of this project is to get a better understanding and

quantification of the resolved upper oceanic structures with
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small vertical scale that can influence the development of

large scale coupled phenomena. Specific objectives of the

proposed research will concern the upper ocean equatorial

dynamics with a focus on the impact of diurnal cycle [2] and

the barrier layer on the tropical climate variability.

2.2 Model

To carry on this project, the use of an ocean-atmosphere

coupled model is needed to explore the ocean-atmosphere

interactions. The ocean component has a global 3 polar

quasi-isotropic grid with a horizontal resolution of about

half-degree (ORCA05) and a vertical resolution of 1 meter

in the upper layers (301 levels). The Atmospheric grid is a

T106 with 31 levels.

2.3 Achievements from April 2005 to March 2006

After validating the physics of the half-degree global

domain (ORCA05) with 31 levels [1], we tested the equato-

rial physic of the version with 301 levels. Figure 1 shows

comparison of the zonal current between the model and

TAO moorings. By using 301 levels, we further improved

the lower part of the Equatorial Under Current (EUC) that

fits now almost exactly the observation in the eastern equa-

torial Pacific (see 140°W and 110°W in Fig. 1). 

However, introducing the very high vertical resolution

strongly deteriorates the western part of the EUC in both

Pacific (see 156°E in Fig. 1) and Atlantic. To solve this

issue, we had to trace it back until the first days of the exper-

iment. After only 2 weeks of the spin-up, a strong numerical

instability was already visible on the equatorial section of

the temperature in Atlantic (see upper panel Fig. 2).

Amazingly, the model did not explode. The EUC advected

the instability that flattens and destroys the thermocline

along its path with catastrophic consequences for the ocean

dynamics in western equatorial basins (see 156°E in Fig. 1).

This issue has been solved by introducing a time splitting for

the vertical advection (Fig. 2 bottom panel). We also switch

to a 3rd order upstream-biased scheme for the horizontal

advection that is more slightly diffusive than the TVD

scheme originally used.

2.4 Perspectives:

We built an oceanic component with a very high vertical

resolution that is now showing realistic features and ocean

circulation. Our next step is thus to look further at the impact

of the diurnal cycle in a 301 levels ocean. In addition we will

move to the coupled model that has been technically assem-

bled during this year.

3. Second theme: "The impact of sub-mesoscale physics
on the North Atlantic balance (heat transport, nutri-
ent cycling, CO2 pump)"

3.1 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) [3, 4]. Specific questions are: 

(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?
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Fig. 1  vertical profiles of the mean zonal current (1992–2000) along the

equatorial Pacific for TAO mooring (black), old model physics

with 31 levels (green) and new model physics with 31/301 levels
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2 weeks of spin-up.
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3.2 Method

To answer these question, we have set up an idealized dou-

ble-gyre (3000 * 2000 Km) configuration (called GYRE) that

mimics the North West Atlantic known as a crucial region of

CO2 sink (Fig. 3). This configuration reproduces the western

boundary current, the subtropical and subpolar gyres and the

subtropical mode waters. The model has a uniform horizontal

resolution on the beta-plane. The basic resolution is 1° with

30 vertical layers. Forcings are analytical. Therefore, the reso-

lution can be increased as many times as needed by simply

dividing the nominal grid cell into smaller ones. 

We have set up eight simulations, differing either in the res-

olution (horizontal and vertical) or in the physics (Table 1).

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 LOBSTER). The impact

of the small-scales will be assessed by:
• Comparing the mean state of the model (equilibrated heat,

salt and nutrient distributions) for the various model reso-

lutions
• Evaluating the transport trends at fine scales and at large

scales, in the mixed-layer and in the thermocline for each

experiment

3.3 Achievements from April 2005 to March 2006

The first achievement concerns the runs of the eight config-

urations (physics only). The runs were performed in five steps:
• R1 was integrated for 1000 years starting from analytical

profiles. 
• In order to avoid long-term basin-mode variability, R1 has

been restarted for another 1000 years with sea surface

salinity (SSS) restoring towards the annual mean SSS

field at year 1000. 
• Outputs after these 2000 years were extrapolated on the

higher-resolution grids and each configuration was run

until equilibration. We have found that a minimum of 100
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Fig. 3  Barotropic stream function and temperature (zonal and annual mean) in Experiments R1 and R27

showing the two gyres and the presence of 18-19°C mode waters in the subtropical gyre. 
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Table 1  Characteristics of the GYRE experiments (iso: isopycnal diffusion, bilap: biharmonic horizontal diffusion or

dissipation, Aht0: diffusion coefficient, Ahm0: dissipation coefficient, Dt: time step)
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years is required to spin-up the basin starting from the R1

first guess (Fig. 3)
• Each experiment was restarted for 10 years with annual

output
• Each experiment was restarted for 1 year with 2-days outputs

Preliminary results give spectacular intense fine scale struc-

tures in vertical velocity, SST and mixed layer depth (Fig. 4)

and large differences in the mean state of the basin (Fig. 2).

We have started the analysis to elucidate the link between the

small scale transport and the mean state of the basin. 

The second achievement concerns the coupling between

the physics and the biology. This has been done in R1 and

R3. A modification in the analytical formulation of the

atmospheric forcing has been found necessary to reproduce

the various biogeochemical provinces and seasonal cycles in

the North Atlantic. 

3.4 Perspectives: The next steps will be:
• to run the coupled experiments at high resolution
• to continue the analysis of the model physical response

when resolution is increased
• to start the analysis of the model biological response when

resolution is increased. 
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Fig. 4  SST and surface showing the mixed layer depth in R27.
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Experiments
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