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LIM2 

measurements within both inflow and outflow passages (INSTANT
2004–2006) estimated a total transport of 14 ± 3 Sv (Sprintall et al.,
2009). The intensity of the Indonesian Throughflow in terms of net
mass transport in CM5_piStart is lower than these estimates
(12.7 Sv Fig. 13), slightly stronger than in CM5_RETRO (12.3 Sv),
although the difference is probably not significant. This might be
again a consequence from the implementation of the ITF parame-
terisation developed by Koch-Larrouy et al. (2009) in CM5_piStart.

Fig. 14 (left panels) compares the global mean meridional circu-
lation for the years [2200–2291] of each simulation. The major dif-
ference lies in intensification by roughly 12 Sv of the Antarctic
Bottom Water circulation in the Southern Hemisphere in CM5_piS-
tart as compared to CM5_RETRO. This increase is roughly portioned
among the oceanic basins according to their width, as this cell in-
creases by 4 Sv at the southern bottom of the Indian Ocean, 5 Sv in
the Pacific and only 3 Sv in the Atlantic (not shown). As seen above
for the forced simulations, this intensification is consistent with
the evolution of the oceanic component, and in particular the
implementation of the kz-tide parameterization. It is associated
with notable temperature and more importantly salinity modifica-
tions in the Southern Ocean and along the sea floor, as described
above.

The shallow subtropical cells are very similar in the two simu-
lations, consistent with comparable mean wind stress field and
wind stress curl (not shown). Regarding the upper cell of inter-
hemispheric transport, the weak intensification of the global cell
(Fig. 14, left panels) is due to the North Atlantic contribution
(Fig. 14 right panels). At 26!N, the intensity of the overturning
component of mass transport is much weaker both in CM5_RETRO
(7.3 Sv) and in CM5_piStart (8.7 Sv) than what is suggested by
observations (e.g. 18.7 ± 5.6 Sv Cunningham et al., 2007). At this
location, intensification from CM5_RETRO to CM5_piStart configu-
ration amounts to 15%, and this value is similar for all subtropical
latitudes. Further north, differences are smaller (8.0 Sv in CM5_RE-
TRO vs 8.4 Sv in CM5_piStart. at 45!N) and values are again weaker

than values inferred from observations (14–15 Sv in Ganachaud
and Wunsch, 2000; Talley et al., 2003), as already commented in
several studies (Dufresne et al., 2013; Marti et al., 2010; Swinge-
douw et al., 2007).

Finally, the barotropic streamfunction (Fig. 15) confirms that
the Antarctic Circumpolar Current (ACC) is stronger in CM5_piStart
than in CM5_RETRO after 400 years of simulation. Beyond the
Southern Ocean, major changes are found in the Pacific, with a ba-
sin-wide positive anomaly in CM5_piStart in the northern mid-lat-
itudes and a negative one in the south. Given the lack of significant
differences in the wind stress curl structure and intensity in both
simulations (not shown), these differences could be due to changes
in the oceanic bathymetry. The black lines in Fig. 15 (bottom panel)
indeed show that several areas, including the North Pacific, are
much deeper in CM5_piStart than in CM5_RETRO. This modifica-
tion was implemented simultaneously as the partial steps formula-
tion: the last level of the model in abyssal plains was increased in
CM5_piStart to improve realism of the topography. This deeper
bathymetry in CM5_piStart induces a decrease of the potential vor-
ticity expressed as f/H where f stands for the Coriolis factor and H
the local depth of the ocean. This is consistent with the generally
positive anomalies in the barotropic streamfunction in the north-
ern Pacific in CM5_piStart and the negative ones in the south
(Fig. 15 bottom panel). In the North Pacific, the intensity of both
gyres (maximum of the streamfunction of the each gyre) is never-
theless weaker in CM5_piStart (55 Sv vs. 59 Sv in CM5_RETRO for
the subtropical gyre, 21 Sv vs. 27 Sv in CM5_RETRO for the subpo-
lar gyre).

The change from one model to the next is similar but smaller in
the other basins, except for the North Atlantic, where the subpolar
gyre is intensified (18 Sv in CM5_piStart, vs. 16 Sv in CM5_RETRO)
in CM5_piStart in spite of small changes in bathymetry. This inten-
sification is due to the intensification of the deep convection in this
area (not shown) that compensates a decrease of deep convection
in the Nordic Seas linked to the increase of sea-ice extent. Observa-
tions-based estimates are nevertheless around 40 Sv for the subpo-
lar gyre (Hakkinen and Rhines, 2004), so that the circulation
remains very weak in CM5_piStart, consistently with the weak
AMOC described above and as was the case in CM5_piCtrl (Escu-
dier et al., 2012) and CM4_piCtrl (Marti et al., 2010). The intensity
of the North Atlantic subtropical gyre is around 40 Sv in both
CM5_RETRO and CM5_piStart, and 60 Sv in observations-based
estimates (Greatbatch et al., 1991,Johns et al.; 1995).

6. Conclusions

This paper describes the evolution of the oceanic component of
the climate model developed at Institut Pierre Simon Laplce (IPSL)
from the version IPSL-CM4, used for CMIP3, to IPSL-CM5A, contrib-
uting to the ongoing CMIP5. Several modifications have been
implemented between these two versions, in particular the inclu-
sion of an interactive coupling with a biogeochemical module, a
3-band model for the penetration of the solar radiation, partial
steps at the bottom of the ocean and a series of dynamical param-
eterisations to improve the representation of the Langmuir cells
and of the tidal mixing. A set of forced and coupled experiments
was used here to analyse as accurately as possible the effect of each
of these modifications and more generally the evolution of the oce-
anic component of the IPSL coupled models family. Although all
necessary sensitivity experiments were not available to properly
disentangle the respective effect of each modification, we believe
that it is important to illustrate and explain how the ocean model
changes have modified the mean oceanic circulation and thermo-
haline properties in the framework of CMIP5 where different
groups will intensively use this coupled model worldwide. In terms

Fig. 13. Annual mean net mass transport for piStart (top) and differences between
CM5-piStart and CM5_RETRO (bottom). Averaged over 220–2291. Both the
lagrangian and the eddy induced component have been accounted for. Only the
transports differences significant at the same level and according to the same test
are indicated.
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NEMO v3.2 
ORCA2 
31 niveaux verticaux 
partial steps 

+ param. melange induit par marée 
nouveau TKE (Langmuir cells, vagues) 
param. pénétration flux radiatif, à partir de 
climato cholorophylle ou PISCES 

PISCES v1 
(Aumont  

Bopp 2006)
Mignot et al. (2013) 
différence en transport 
total :  
CM5-piStart  
(océan IPSL-CM5A 
+LMDZ5A) 
moins 
CM5-RETRO  
(océan IPSL-CM4 
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development strategy - v1 - Year 2014

5 key driving objectives for NEMO:
1. major simplification 
2. controlling the energy routes 
3. smallest target effective resolution in kilometric range 
4. code performance on intensive applications 
5. improving the multi-scale capability of NEMO  
…strategy for the next major releases of NEMO by 2020: 
‣ NEMO 3.x : Consolidating a CMIP6 ready ocean model  

The next code releases before 2016 should allow to include all the 
ingredients specifically implemented for using NEMO in Earth System 
Models within the frame of CMIP6 (inc. under-ice shelves seas). 

Juin 2015 : release NEMO v3_6_STABLE
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✓ Glace de mer (LIM3) physiquement plus réaliste (multi-catégories, salinité variable et ses 
effets, conservation en ligne) + meilleurs schémas numériques (grille C) 

✓ Glace de mer ne lévite plus sur l’océan (embedded sea-ice) 
✓ Améliorations de toutes les interfaces entre les composantes de NEMO et avec OASIS 
✓ XIOS 
✓ Coarsening on-line 

✓ NEMO-TOP/PISCES v2 (Aumont et al. 2015) :  
new nutrient sources and sediment interaction, new iron chemistry and scavenging, 
quota model for iron in phytoplankton, zooplankton grazing, light limitation, use Pa in 
gas, new calcite dissolution scheme



avec CMCC  
(NEMO-OPA + NEMO-LIM) 
avec CNRM  
(NEMO-OPA + NEMO-LIM / GELATO + NEMO-PISCES) 
avec Hadley Center / MetOffice  
(NEMO-OPA + C-ICE + MEDUSA) 
avec EC-Earth  
(NEMO-OPA + NEMO-LIM + NEMO-PISCES) 
avec GEOMAR (OMIP) 
(NEMO-OPA + NEMO-LIM) 
avec NOC (OMIP) 
(NEMO-OPA + C-ICE)

avec IPSL : deck, OMIP + tous les autres MIPs 
(NEMO-OPA + NEMO-LIM + NEMO-PISCES) 

dans CMIP6



https://forge.ipsl.jussieu.fr/shaconemo/wiki



interactions NEMO R&D et pôle de modélisation du climat IPSL

๏ expertise sur le code NEMO 

๏ mise au point des configurations via la validation de simulations forcées 
et couplées 

๏ retour d’expériences sur code NEMO + outils spécifiques aux modèles 
couplés (libIGCM, CliMAF, ciclad…) 

๏ anticipation des projets futur : DYNAMICO


