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Context : The fine-scale eddies, narrow boundary currents, and their associated non-linear contributions to the global scales 

represent a huge challenge for numerical ocean models: resolving them globally requires model configurations with a large 

number of grid points. The high computational cost suggests that coordinating the efforts of different teams in order to 

perform and analyse multiple eddy-resolving global-ocean simulations relevant for climate would be of great benefit. 

 

Objectives / scientific questions : The objective of the project is to coordinate the efforts of several ocean modelling groups 

from France, Germany and the United Kingdom in coordinating their efforts to develop, use and share high resolution global 

ocean-ice models based on the NEMO modelling platform. The main objectives of the coordination are : 

1 - Maintain a coherent hierarchy of global model configurations based on the NEMO modelling framework, and in particular, 

lead the development and improvement of the global 1/4° ORCA025 model and the 1/12° ORCA12 model; 

2 - Develop atmospheric forcing fields suited for multi-decadal global ocean model simulations, and the tools and expertise 

necessary to run, evaluate and analyse these simulations; 

3 - Perform and analyse coordinated global ocean hindcasts at eddy-resolving resolution and make the results available to a 

wide community; 

4 - Utilize realistic ocean simulations as a testbed for new parameterizations, and systematically evaluate the benefits of 

higher spatial resolution for earth system models. 

 

Main results : The main task of the coordination is to organise the annual Drakkar workshop where most exchanges between 

partners occur. During the period concerned by the project, two workshops were organised in January 2016 and 2017. Each 

workshop gathered above 80 scientists from about 30 research laboratories representing about 15 different countries (France, 

Germany, UK, USA, Sweden, Italy, Australia, New-Zeeland, Finland, Belgium, Russia, Netherland, Norway, Canada and 

Spain). Presentations made during the workshops and summaries of the discussions are available on-line (DRAKKAR2016, 

DRAKKAR 2017). 

Outcomes of the coordination had impacts on numerical issues leading to important model improvements and permitted 

progresses in the understanding ocean circulation features, leading to more than 30 publications in leading international 

journals over the 2-year period. We illustrate those outcomes with two examples. One in the field of numeric, which 

elaborated a correction to the momentum advection scheme of NEMO resulting in a significant improvement of  the 

simulation of the mesoscale eddies. The other explains how the meandering of the Gulf Stream could account for the large 

eddy heat transport (of order 0.3PW) near 36°N in the North Atlantic. 

 
Fig. 1. This figure illustrates the impact of the SICK 

instability on the eddy kinetic energy (eke) in the model. Are 

shown maps (top panels) and meridional cross-sections (at 

55°W, bottom panels) of the annual mean eke (colour) in a 

1/60° simulation with the momentum advection scheme not 

corrected for the SICK instability (left panels), and with the 

correction (right panels). Contours represent the mean ssh 

(top panels) or the mean zonal velocity (bottom panels). The 

instability, by its destructive effect on the mesoscale eddies, 

significantly reduces the level of eke. (After Ducousso et al., 
2017). 

 

  
Fig. 2. Left side panels: map of surface eddy heat flux V'T' (in 

°C.m/s) computed from observations (a) and the ORCA12 

model (c). The black line represents the Gulf Stream axis 

(maximum time-mean velocity module). Right side panels: 

eddy kinetic energy (m2/s2 b) from Aviso observations and d) 

from the ORCA12 model. All quantities are averaged over the 

period 2003-2012. The model reproduces well the positive 

eddy heat transport on the north side of the Gulf Stream. 

(After Treguier et al., 2016). 

http://pp.ige-grenoble.fr/pageperso/barnierb/WEBDRAKKAR2016/
http://pp.ige-grenoble.fr/pageperso/barnierb/WEBDRAKKAR2017/


Comments on Figures 
Fig. 1. The energy- and enstrophy-conserving momentum advection scheme (EEN) used over the last 10 years in NEMO was 

found to be subject to a spurious numerical instability. This instability, referred to as the Symmetric Instability of the 

Computational Kind (SICK), arises from a discrete imbalance between the two components of the vector-invariant form of 

momentum advection. Hollingsworth et al. (1983) have documented the properties and the method for removing this 

instability, but the extent to which the SICK may interfere with processes of interest at mesoscale- and submesoscale- 

permitting resolutions was still unknown. The impact of the SICK in realistic ocean model simulations was assessed by 

comparing model integrations with different versions of the EEN scheme. Investigations were undertaken with model 

configurations of different resolutions (from eddy-permitting to eddy-resolving). The instability was found to alter primarily 

the most energetic current systems, such as equatorial jets, western boundary currents and coherent vortices (see Fig. 1). The 

impact of the SICK was found to increase with model resolution with a noticeable impact at mesoscale-permitting resolution 

and a dramatic impact at submesoscale-permitting resolution (e.g. 1/60°). The SICK was shown to distort the normal 

functioning of current systems, by redirecting the slow energy transfer between balanced motions to a spurious energy transfer 

to internal inertia-gravity waves and to dissipation. Our results indicate that the SICK is likely to have significantly corrupted 

NEMO solutions (when run with the EEN scheme) at mesoscale-permitting and finer resolutions over the last 10 years. They 

also show that the correction described in Ducousso et al. (2017) achieves its goal of removing the instability. 
 

Fig. 2. Correlations between temperature and velocity fluctuations have a significant contribution to the North Atlantic 

meridional heat transport, especially at the northern boundary of the subtropical gyre. In satellite observations and in a 

numerical model at 1/12° resolution, a localized pattern of positive eddy heat flux is found northwest of the Gulf Stream, 

downstream of its separation at Cape Hatteras (Fig. 2). It is confined to the upper 500m. A simple kinematic model of a 

meandering jet can explain this eddy flux, taking into account a spatial shift between the maximum velocity of the jet and the 

maximum cross-jet temperature gradient. In the Gulf Stream such a spatial shift results from the nonlinear temperature profile 

and the vertical tilting of the velocity profile with depth. The numerical model suggests that the meandering of the Gulf 

Stream could account for the large eddy heat transport (of order 0.3PW) near 36°N in the North Atlantic, and for its 

compensation by the mean flow. 

Future of the project : 
The DRAKKAR coordination has evolved into an International Research Network (IRN) between France, Germany and the 
U.K. entitled: DRAKKAR: Assessing the benefit of high-resolution ocean model configurations for Earth system models 

using NEMO. The IRN will operate until the end of 2020. 

Publications and PhD theses 
 

- 36 Publications in international journals in 2016 and 2017 were made by the research scientists of the French laboratories 

involved in the Drakkar coordination using the DRAKKAR simulations, forcing, or hierarchy of models. 

 

- 5 phD thesis were defended between 2016-2017 

 

- Five relevant publications (from IGE or LOPS): 
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Treguier, A.M., E.P. Chassignet, A. Le Boyer, and N. Pinardi, 2017: Modeling and forecasting the "weather of the ocean" at 

the mesoscale. "The Sea" special collection, J. Mar. Res., 75, 301–329. 


