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the next-generation climate 
model of my dreams

‣ producing 20 yr / day >> 1000 yr simulations to 
check adjustment and mean state + run multiple 
experiments to quantify uncertainties 

‣ tracking, if not controlling, energy routes, sources 
and sinks



why is it important to 
represent properly Deep Ocean 

Currents in climate models ?



MOC, DWBC and NADW formation (1/2)

Talandier et al. (2014, Ocean Modelling) : 
increasing spatial resolution improves 
circulation at the surface and at depth,  
as illustrated here along Line W

The ORCA 1/2! coarse grid is marginally ‘‘Eddy-Permitting’’ in
equatorial regions. The 1/8! grid fully resolves mesoscale eddies
from the southern boundary of the domain to 45!N and can be con-
sidered ‘‘Eddy-Permitting’’ northward. Experiments share the same
64 vertical geopotential levels with an increasing cell thickness
from 6 m near the surface to around 200 m in the deep ocean.
The last level thickness just above the sea floor adjusts to the actual
topography which allows a better representation of bathymetry
(Barnier et al., 2006). The bathymetry is interpolated from ETO-
PO2v2 below 300 m depth and GEBCO One minute grid, version
2.0 in coastal areas, with no horizontal smoothing (except when re-
quired by AGRIF along the lateral boundaries of the nest).

2.2. Numerical aspects

The model solves the three-dimensional Primitive Equations in
spherical coordinates discretized on an Arakawa C-grid with the
hydrostatic, Boussinesq and non-divergent flow assumptions
among a few others. The linearized free-surface formulation
(Roullet and Madec, 2000) is used. The vertical mixing is parame-
terized with a turbulent kinetic energy closure scheme (Blanke and
Delecluse, 1993), improved by including a surface wave breaking
parameterization (Mellor and Blumberg, 2004) and an energeti-
cally consistent time and space discretization (Burchard, 2002;
Marsaleix et al., 2008). The convective processes are mimicked
using an enhanced vertical diffusion parameterization (increasing
vertical viscosity/diffusity to 10 m2 s!1 where static instability
occurs). On the coarse (respectively fine) grid a harmonic isopycnal
diffusion of 600 (100) m2 s!1 and a biharmonic viscosity along
geopotential surfaces of 12 " 1011 (8.5 " 109) m4 s!1 are used. To
keep a constant Reynolds grid number, the diffusive and viscous
coeficients decrease from the equatorial nominal value (given just
above) poleward and are respectively proportional to max[Dx,Dy]/
Dmax and max[Dx,Dy]3/D3

max; Dx and Dy are the zonal and

meridional grid spacing and Dmax is the maximum of Dx and Dy ta-
ken over the whole ocean grid. The effect of mesoscale eddies on
tracers relies on the Gent and McWilliams parameterization
(1000 m2 s!1); it is used in the ORCA_REF and ERNA experiments
(outside the nest only, where the resolution is 1/2!) while it is
not activated in the ORCA_NOG one. A partial-slip sidewall bound-
ary condition is used in momentum equations in all experiments;
i.e. the tangential velocity at the coast is set to half the offshore
velocity (Benshila et al., 2014). The discrete formulation used for
the momentum advection term in the coarse grid is the vector form
associated with an energy and enstrophy conserving scheme fol-
lowing the recommendation of Le Sommer et al. (2009) and
Penduff et al. (2007) for the vorticity term, while in the fine grid
the flux form is combined with an energy conserving scheme.

2.3. Experiments

Experiments start from rest and are initialised with the January
Levitus et al. (1998) climatology. After a 3-year spinup using year
1989, they run over 20-years (1990–2009) with interannual ERA-
Interim atmospheric conditions derived from reanalysis. Turbulent
fluxes are computed through CORE bulk formulae from Large and
Yeager (2004), using ERA-Interim atmospheric state variables. Pre-
cipitations come from satellite products (Brodeau et al., 2010).
ERA-Interim short and long wave radiative fluxes are reduced
respectively by 3% and 6%, on large scales only, to better match
GEWEX satellite observations in the latitude band [40!S–40!N]
(following the methodology of Large and Yeager (2008) for ISCCP
products). Temperature and humidity state variables are also ad-
justed in high latitudes (north of 70!N) following the methodology
detailed in Brodeau et al. (2010). To limit salinity drift that is partly
due to precipitation uncertainties, a moderate Sea Surface Salinity
(SSS) relaxation towards Levitus et al. (1998) monthly climatology
is applied with a 60-day timescale over the upper 10 m. This relax-

Fig. 1. Area covered by the 1/8! nest over the North Atlantic in ERNA configuration, with a schematic location of major western boundary currents at the surface (red thick
line) and at depth (blue thick line). Thin blue lines represent vertical sections location; LIW refers to ‘‘LineW’’ (Toole et al., 2011); SCH refers to Schott et al. (2006) section at
43!N; FIS refers to Fischer et al. (2010) section at 53!N; AR7 refers to the AR7W section in the Labrador Sea (Hall et al., 2013) and the DSO section through the Denmark Strait
overflow (Vage et al., 2011b). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

C. Talandier et al. / Ocean Modelling 76 (2014) 1–19 3

ERNA = ORCA05 + 1/8 AGRIF 2-way zoom over North Atlantic

Fig. 3. Eddy Kintetic Energy (EKE) averaged over the period 1993–2009 in AVISO observations (a) and ERNA (b) in cm2 s!2.

Fig. 4. Cross section velocities (cm s!1, C.I 5 cm s!1) through Line W (located on Fig. 1), in observations (a), ERNA (b) and ORCA_REF (c) with overlaid r0 isopycnals (blue
contours density in kg m!3. Observations are an average from all occupations of LineW, while simulation outputs are averaged over the period 1990–2009. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

C. Talandier et al. / Ocean Modelling 76 (2014) 1–19 5

ORCA 1/2°ERNA 1/8°observations



738 transports in ERNA are comparable to observations, while trans-
739 ports in ORCA_REF are much smaller and even null south of Flem-
740 ish Cap.

741 4.3. Upper ocean influence on the AMOC

742 When computing the AMOC in density coordinates (AMOC-r), it
743 is relatively straightforward to relate the DWBC transport with
744 AMOC intensity. By contrast, the AMOC intensity in depth coordi-
745 nates (AMOC-z) can not be directly related to the DWBC transport
746 because of compensations in the horizontal that are actually indic-
747 ative of the influence of upper ocean circulation on the AMOC. We
748 explore both perspectives by investigating the latitudinal depen-
749 dence of AMOC maximum, first in density and then in depth
750 coordinates.
751 According to the DWBC transport in ERNA, the AMOC-r in-
752 creases gradually southward from 5–6 Sv at 68!N (north of the
753 Denmark Strait overflow), up to 24 Sv at 52!N (Fig. 15, black
754 dashed line). This increase is due to entrainment and convective
755 processes, as recirculations along DWBC do not contribute to
756 intensify the AMOC (they nearly cancel out when averaging zon-
757 ally). The AMOC maximum then decreases in the latitude band
758 52!-42!N (vertical yellow stripe) which corresponds to the Inter-
759 gyre region, suggesting intensified mixing in this latitude band,
760 with lighter subtropical water masses transported by NAC. It final-
761 ly stabilizes around 22 Sv at 35!N, the secondary maximum of the
762 overturning streamfunction (Fig. 13).
763 The picture emerging from ORCA_REF is very similar (Fig. 15,
764 red dashed line), except that each process strengthening AMOC is
765 hindered, as has already been noted for DWBC transports. On the
766 other hand, the decrease in AMOC in the Intergyre region is more
767 important in ORCA_REF than in ERNA. This suggests that along
768 its peculiar path east of Flemish Cap, NADW experiences more dia-
769 pycnal mixing with surrounding lighter water masses. Actually, the
770 cumulated southward transport of dense water masses from Flem-
771 ish Cap eastward reveals that most of the AMOC deep limb is lo-
772 cated on both sides of the Mid-Atlantic Ridge (not shown). This
773 considerably lengthens the pathway of NADW from the Labrador
774 Sea southward, hence increasing the amount of diapycnal mixing
775 undergone along the route. Indeed, we observe a deepening of
776 the isopycnal surface r2 = 36.925 kg m!3 (at a mean rate of [10–
777 20] m year!1) throughout the simulation, with the largest ampli-
778 tude to the west of the Mid-Atlantic Ridge, in the latitude band that
779 corresponds to the AMOC decrease (purple and yellow stripes),
780 which corresponds to the mean pathway of the DWBC in
781 ORCA_REF.
782 In calculations of the AMOC in depth coordinates, only one
783 maximum appears at about 35!N in both simulations (Fig. 15, plain
784 lines), as most of the (dense) southward flow in the subpolar gyre
785 is compensated for by a (lighter) northward flow at the same

786depth. The latitudinal dependence of the AMOC maximum differs
787a lot among simulations. In ORCA_REF, the AMOC maximum in-
788creases almost linearly from the overflows (vertical cyan stripe)
789to 35!N, reflecting both (i) the deepening of DWBC (as revealed
790by the overturning streamfunction in depth coordinates, not
791shown), and (ii) the uplifting of the penetration depth of the gyre
792circulation (from barotropic in the subpolar gyre to baroclinic in
793the subtropical gyre). By contrast, in ERNA there are two sharp in-
794creases in AMOC: at the latitudes of Flemish Cap (vertical yellow
795stripe) and Cape Hatteras (vertical pink stripe), where there are
796major interactions between the upper ocean circulation and the
797DWBC. At higher latitudes, the very close depth-coordinates AMOC
798in ERNA and ORCA_REF, despite the substantial difference in
799AMOC-r, is consistent with previous studies (Danabasoglu et al.,
8002013; Zhang, 2010; Griffies et al., 2009) which support the claim
801that AMOC-z is not the proper way to investigate the NADW frac-
802tion associated with deep water formation.
803At 35!N, AMOC-z and AMOC-r have similar values (22 Sv in
804ERNA and 14 Sv in ORCA_REF). These are 2 Sv in ERNA and 4 Sv
805in ORCA_REF smaller than the maximum AMOC-r at higher lati-
806tude. Hence the difference between r- and z-AMOC maxima is
807the smallest in ERNA, in which the NAC and the Gulf Stream inter-
808act with the DWBC. This suggests that the NADW formation rate
809alone does not set the amplitude of AMOC at mid-latitude, as the
810interaction with the upper ocean circulation plays a role as well.
811South of 35!N, AMOC-r and AMOC-z have similar values which
812are relatively stable in ORCA_REF while they decrease continuously
813in ERNA, suggesting that both upwelling and diapycnal mixing are
814very active in the northern part of the subtropical gyre in ERNA.

8154.4. AMOC at the RAPID section

816Continuous observations along the RAPID section yield an
817unprecedented direct monitoring of the AMOC strength at
81826.5!N. The AMOC amplitude in ERNA, which is 18 Sv at this lati-
819tude, compares well with 17.3 Sv from observations (http://
820www.noc.soton.ac.uk/rapidmoc/), although the depth-cumulated
821transport differs in the deep AMOC limb, the thickness of the sim-
822ulated one being underestimated (Fig. 16(a)). Such a bias also ex-
823ists in ORCA_REF, which in addition has a weak AMOC amplitude
824(about 13 Sv). It is important to keep in mind that interannual var-
825iability in AMOC is substantial, based on observations (Cunning-
826ham et al., 2007) as well as modeling experiments (Biastoch
827et al., 2008), hence comparing AMOC amplitude averaged over dif-
828ferent time periods (2004–2011 for RAPID data vs 1990–2009 for
829model simulations) may lead to significant differences. However,
830interannual variability cannot explain the large difference in AMOC
831strength between ERNA and ORCA_REF, associated with a 250 m
832shallower AMOC maximum depth in ERNA.

Fig. 15. ERNA (black) and ORCA_REF (red) AMOC maximum at each latitude calculated in depth (solid lines) and density (r2, dash lines) space over the period 1990–2009.
Shaded color bands are used in the text for clarity. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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overflows
entrainment, 

formation of dense 
water

subpolar 
gyre exit

in ORCA: destruction of NADW due to 
diapycnal mixing as DWBC flows 

eastward to MAR 

in ERNA: sharp change in MOCz as  
DWBC crosses underneath NAC and GS

difference in max 
z-MOC: 7.6 Sv

difference in max 
density-MOC (ie dense 
water formation): 6.5 Sv

Talandier et al. (2014, Ocean Modelling)

MOC, DWBC and NADW formation (2/2)

ORCA 1/2°

ERNA 1/8°



Rahmstorf (1996) THC stability diagram

FTov > 0
ie AMOC transports 

freshwater northward
>> salt advection negative 

feedback

FTov < 0
ie AMOC transports salt  

northward
>> salt advection positive 

feedback

Salt advection feedback of AMOC (1/2)

Deshayes et al. (2013, GRL)
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how can we improve 
representation of Deep 

Ocean Currents ?



increasing spatial resolution may help…

Talandier et al. (2014, Ocean Modelling) : 
increasing spatial resolution improves 
circulation at the surface and at depth,  
as illustrated here along Line W

The ORCA 1/2! coarse grid is marginally ‘‘Eddy-Permitting’’ in
equatorial regions. The 1/8! grid fully resolves mesoscale eddies
from the southern boundary of the domain to 45!N and can be con-
sidered ‘‘Eddy-Permitting’’ northward. Experiments share the same
64 vertical geopotential levels with an increasing cell thickness
from 6 m near the surface to around 200 m in the deep ocean.
The last level thickness just above the sea floor adjusts to the actual
topography which allows a better representation of bathymetry
(Barnier et al., 2006). The bathymetry is interpolated from ETO-
PO2v2 below 300 m depth and GEBCO One minute grid, version
2.0 in coastal areas, with no horizontal smoothing (except when re-
quired by AGRIF along the lateral boundaries of the nest).

2.2. Numerical aspects

The model solves the three-dimensional Primitive Equations in
spherical coordinates discretized on an Arakawa C-grid with the
hydrostatic, Boussinesq and non-divergent flow assumptions
among a few others. The linearized free-surface formulation
(Roullet and Madec, 2000) is used. The vertical mixing is parame-
terized with a turbulent kinetic energy closure scheme (Blanke and
Delecluse, 1993), improved by including a surface wave breaking
parameterization (Mellor and Blumberg, 2004) and an energeti-
cally consistent time and space discretization (Burchard, 2002;
Marsaleix et al., 2008). The convective processes are mimicked
using an enhanced vertical diffusion parameterization (increasing
vertical viscosity/diffusity to 10 m2 s!1 where static instability
occurs). On the coarse (respectively fine) grid a harmonic isopycnal
diffusion of 600 (100) m2 s!1 and a biharmonic viscosity along
geopotential surfaces of 12 " 1011 (8.5 " 109) m4 s!1 are used. To
keep a constant Reynolds grid number, the diffusive and viscous
coeficients decrease from the equatorial nominal value (given just
above) poleward and are respectively proportional to max[Dx,Dy]/
Dmax and max[Dx,Dy]3/D3

max; Dx and Dy are the zonal and

meridional grid spacing and Dmax is the maximum of Dx and Dy ta-
ken over the whole ocean grid. The effect of mesoscale eddies on
tracers relies on the Gent and McWilliams parameterization
(1000 m2 s!1); it is used in the ORCA_REF and ERNA experiments
(outside the nest only, where the resolution is 1/2!) while it is
not activated in the ORCA_NOG one. A partial-slip sidewall bound-
ary condition is used in momentum equations in all experiments;
i.e. the tangential velocity at the coast is set to half the offshore
velocity (Benshila et al., 2014). The discrete formulation used for
the momentum advection term in the coarse grid is the vector form
associated with an energy and enstrophy conserving scheme fol-
lowing the recommendation of Le Sommer et al. (2009) and
Penduff et al. (2007) for the vorticity term, while in the fine grid
the flux form is combined with an energy conserving scheme.

2.3. Experiments

Experiments start from rest and are initialised with the January
Levitus et al. (1998) climatology. After a 3-year spinup using year
1989, they run over 20-years (1990–2009) with interannual ERA-
Interim atmospheric conditions derived from reanalysis. Turbulent
fluxes are computed through CORE bulk formulae from Large and
Yeager (2004), using ERA-Interim atmospheric state variables. Pre-
cipitations come from satellite products (Brodeau et al., 2010).
ERA-Interim short and long wave radiative fluxes are reduced
respectively by 3% and 6%, on large scales only, to better match
GEWEX satellite observations in the latitude band [40!S–40!N]
(following the methodology of Large and Yeager (2008) for ISCCP
products). Temperature and humidity state variables are also ad-
justed in high latitudes (north of 70!N) following the methodology
detailed in Brodeau et al. (2010). To limit salinity drift that is partly
due to precipitation uncertainties, a moderate Sea Surface Salinity
(SSS) relaxation towards Levitus et al. (1998) monthly climatology
is applied with a 60-day timescale over the upper 10 m. This relax-

Fig. 1. Area covered by the 1/8! nest over the North Atlantic in ERNA configuration, with a schematic location of major western boundary currents at the surface (red thick
line) and at depth (blue thick line). Thin blue lines represent vertical sections location; LIW refers to ‘‘LineW’’ (Toole et al., 2011); SCH refers to Schott et al. (2006) section at
43!N; FIS refers to Fischer et al. (2010) section at 53!N; AR7 refers to the AR7W section in the Labrador Sea (Hall et al., 2013) and the DSO section through the Denmark Strait
overflow (Vage et al., 2011b). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

C. Talandier et al. / Ocean Modelling 76 (2014) 1–19 3

ERNA = ORCA05 + 1/8 AGRIF 2-way zoom over North Atlantic

Fig. 3. Eddy Kintetic Energy (EKE) averaged over the period 1993–2009 in AVISO observations (a) and ERNA (b) in cm2 s!2.

Fig. 4. Cross section velocities (cm s!1, C.I 5 cm s!1) through Line W (located on Fig. 1), in observations (a), ERNA (b) and ORCA_REF (c) with overlaid r0 isopycnals (blue
contours density in kg m!3. Observations are an average from all occupations of LineW, while simulation outputs are averaged over the period 1990–2009. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

C. Talandier et al. / Ocean Modelling 76 (2014) 1–19 5
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but as for upper WBC, increasing spatial 
resolution is not sufficient !

global 
 ocean hindcasts

1/4°
1/8°

1/12°



Snapshot of velocity at the surface in the ORCA12 ocean model
A. Lecointre and J.M. Molines, LGGE, France

switching from Gulf Stream to Agulhas 
Current System (and back)



adjusting layers density may help…
B. Backeberg’s HYCOM simulations of the Agulhas Current System (1/10°)



adjusting layers density may help…

Obs expt010 expt011
Minimum depth (m) 800 1500 700
Maximum depth (m) 2800 3000 3000
Undercurrent (Sv) 4.1 ± 2.9 2.9 ± 2.8 6.5 ± 6.9
Agulhas Current (Sv) 69.7 ± 21.5 50.3 ± 20.0 45.1 ± 22.7

B. Backeberg’s HYCOM simulations of the Agulhas Current System (1/10°)



but representing 
deep circulation 

in the 
Mozambique 

Channel 
remains a 

challenge…

Pous et al. (2018) 
mean circulation

observations

HYCOM

ROMS/CROCO

ROMS/CROCO

NEMO

abs. winds relative winds

1/4° + AC zoom

no slip free slip

1/12° 1/36°



but representing 
deep circulation 

in the 
Mozambique 

Channel 
remains a 

challenge…

Pous et al. (2018) 
projection of total transport in 
Channel onto velocities 
normal to section at low 
frequency (period>544 days)

observations

HYCOM

ROMS/CROCO

ROMS/CROCO

NEMO

abs. winds relative winds

1/4° + AC zoom

no slip free slip

1/12° 1/36°



how to integrate this 
information in climate 

models ?
‣ improving upper WBCs could benefit deep WBCs, 

and vice versa ! 

‣ understanding hence representing better energy 
dissipation of WBCs 

‣ increasing spatial resolution in key regions…



Sea Surface Height (cm)

L’impact de la résolution horizontal sur les courants de bord ouest
La structure verticale du DWBC dans la mer du Labrador
Conclusions

La méthodologie
Les améliorations régionales
La réponse de l’AMOC
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b) FER C.I: 5.0 cm s�1
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Figure 1: Vitesses normales la section AR7W (ligne verte sur la figure ??) issues des observations de Hall

et al. (2013) (mesures LADCP) a) et dans la configuration FER b). annes 1990-1993 sur ce tte figure Les

annes 1995, 1996, 1998, 2001 et 2003 sont utilises pour FER, les observations intgrent galement l’anne 2008.

En rouge(en bleu) les vitesses sont orientes vers le nord-ouest(sud-est).
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increasing horizontal spatial resolution helps 
representing the vertical structure of NA subpolar gyre
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Explicitly resolved vs parameterized mesoscale processes in the 
Labrador Sea: impact on the AMOC

Talandier Claude.1, Deshayes Julie.2, Capet Xavier.2, Treguier Anne-Marie.1
1 Laboratoire de Physique des Océans (LPO-UMR CNRS/IFREMER/UBO/IRD Brest - FRANCE)

2 Laboratoire d’Océanographie et du Climat: Experimentation et Analyse Numérique (LOCEAN- UMR CNRS/UPMC/IRD/Museum Paris - FRANCE)   

Conclusions
• The FER configuration asset rely on:

• a two-ways nesting approach with embedded sea-ice that allows information in between the different grids,
• a full mesoscale regime over the subpolar gyre (1/32°) 

• although some biases still exist, the eddy-resolving regime over the North Atlantic subpolar gyre largely contributes to 
improve the dynamics in this area.

Ongoing work:
• The set of 3 configurations ORCA, ERNA and FER will allow us to asses, in a realistic framework, the AMOC variability.
• Necessity to represent mesoscale processes in areas where its effects are knonwn to be important as the Labrador at 
least to produce acceptable water masses quantities such LSW

Future work:
• exploring insights to better represent mesoscale at low resolution: a dynamical mesoscale parameterization (Hallberg 
2013) or stochastic parameterization currently tested in a ORCA1 configuration by an other team
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Introduction 
The aim of this study is to address the impact of small scale processes on large scale circulation in the North Atlantic with a focus on the 
Labrador Sea where strong mesoscale and submesoscale activity occurs.
The Atlantic Meridional Overturning Circulation (AMOC) plays a key role in the regulation of the earth climate. This large circulation represents a 
synthetic view of the basin-wide transport with a northward warm and salty flow at the surface and an equatorward cold and fresh flow at depth. 
The latter is dominated by the Deep Western Boundary Current (DWBC) which exports to the south dense water masses such as the Labrador 
Sea Water (LSW) formed during winter convective events in the interior Labrador Sea.
In a simplified, laminar view of the AMOC, a direct link could exist between dense water formation in the Labrador Sea and the DWBC transport 
intensity. Nevertheless, recent studies suggest that this link may be more complex. Indeed, it seems that the LSW, once formed, may be 
exported to the surrounding DWBC by lateral buoyancy turbulent fluxes. It is also put forward that dense water formation signal may be lagged by 
several years when reaching the DWBC due to eddies. So the small scale processes may be key in the LSW export process. The exploration of 
these dynamics requires numerical models of very high resolution due to the small Rossby radius deformation in the Labrador Sea (about 7km).

Model configuration & experiment
We use the NEMO primitive equation platform (Nucleus for European Modeling of the Ocean) (http://www.nemo-ocean.eu) (Madec, 2008) 
associated with the AGRIF tool (Debreu et al. 2008). We built the FER configuration (Fig. 1) with a set of embedded grids at increasing horizontal 
resolution over the North Atlantic:

• a global 1/2° grid (ORCA) with the Gent & McWilliams mesoscale parameterization 
• a first nest grid at 1/8° (ERNA) (from 20°N-70°N) 
• another 1/32° nest over the subpolar gyre (FER)

The combination of ORCA and ERNA is fully described in Talandier et al. (2014), where the impact of increasing the resolution on the surface and deep 
circulation is discussed. The FER configuration allows to reach an eddy-resolving regime over the North Atlantic. The experiment which is analysed in 
the present study uses interannual forcing fields based on DFS5.2 spanning 1979-2004. 
The FER configuration originality relies on a sea-ice model on fine grids, a two-way nesting which implies that grids are able to exchange information and a high resolution (~2km) over the subpolar gyre.

  I - Labrador Sea dynamics
MESOSCALE ACTIVITY: 
• The most energetic pattern of EKE emerges off western Greenland coast where the Irmingers Rings are shed 
from the boundary current to feed the interior Labrador Sea with warm/salty waters. EKE intensity is greater 
than 100 cm2 s-2 (with a maximum of 300 cm2 s-2 within the boundary current). We underline the remarkable 
agreement of intensity levels as spatial extent of this structure with observations of Reverdin et al. (2003) 
• In ERNA EKE intensity is only ~50 cm2 s-2 but presents a similar shape.
• An instantaneous field of relative vorticty in late winter reveals the high level of mesoscale activity in this area 
with large eddies (Irminger Rings, with a negative vorticity) and smaller patterns as long filaments.   

DEEP CONVECTION: 
• Winter mean MLD map in FER (Fig. 3.) shows MLD greater than 2000m (yellow contour) occuping the central 
Labrador Sea and extending in Irminger Sea; south of 55°N the MLD is reduced due to the presence of the 
Northwest corner with warm/salty waters advected by the North Atlantic Current into the subpolar gyre. Beyond 
60°N the MLD is shallower presumable beacause of the presence of Irminger rings. 

• The resolution jump from ERNA to FER leads to a significant MLD reduction both in the Labrador and Irminger 
Seas as seen in the MLD time series. While in ORCA, the MLD is too shallow according to observations.

• This important improvement is related to at least two factors: i) the reduction of water masses drift advected in this area (not shown), 
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !     ii) the explicit representation of mesoscale eddies which contibutes to the post-convective restratification. 

Figure 4: AR7W cross section velocities (cm 
s-1) from observations (Hall et al. 2013) a) and 

in FER configuration b). AR7W location is 
represented by the green line on Fig. 2
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b) FER C.I: 5.0 cm s−1
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Figure 2: (left) Mean EKE at 3m depth in FER. (shaded colors, C.I 100 cm2 s-2) and 
obsevations (from Reverdin et al. 2003, black isolines showing the 200 and 300 cm2 s-2 ); (right) 

late winter instantaneous relative vorticity (s-1) at 3m depth in FER. 

Figure 1: The three grids in the FER configuration

ORCA 1/2°

ERNA 1/8°

FER 1/32°

two-way nesting

Circulation and DWBC transport
• In FER the cyclonic barotropic boundary current reachs a 
maximum of 40Sv (43Sv in ERNA and 31Sv in ORCA) off 
Labrador coast, this is close to the 44Sv reported by 
Pickart et al. (2002). 

• The vertical structure of the boundary current through the 
AR7W section (Fig. 4) is close to observations of Hall et 
al. (2013). 

• There is a clear «barotropization» of the current from the 
northeast to the southwest of the section which tends to 
show that the boundary current undergoes changes when 
it flows all around the Labrador Sea as suggested by 
Spall (2004) and Straneo (2006b).

• The circulation of dense water masses (densities > 27.88 
kg m-3 and deeper than 2000m) coming from the Nordic 
Seas is also well represented.

•Total transport in FER (Fig. 5) is in good agreement with observations on both sides of the AR7W section. Still, 
decomposition of the transport by water masses indicates substantial discrepancies between the model and observations.  

AMOC at 26.5°N:
• good agreement of the mean AMOC intensity in FER with RAPID-WATCH (2004-2014) 
observations at this latitude

• ERNA seems not too far from observations while a little bit more intense 
• in ORCA, in which mesoscale are parametrized, differences of the mean state are well 
marked 

•  while ERNA and FER seem to have the same behavior in representing the AMOC, behind processes are not the same 
with potential impact on the AMOC variability further south

Figure 6: Time mean AMOC 
(Sv) computed through the 26°N 

section.

Figure 3: (left panel) Winter mean MLD in FER, blue contours for isobaths 1500m, 2500 and 
3000m. Purple isoline depicts the sea-ice bound (5%). Red boxes for areas where times series are 

computed. (right panel) monthly time series for MLD computed in the red boxes on left. Density 
criteria used is 0.01 kg m-3.  
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Figure 5: Water mass transport (Sv) through extreme west 
(WBC) and east (EBC) AR7W section

AMOC at 26N :  
most realistic in FER



the next-generation climate 
model of my dreams

‣ producing 20 yr / day >> 1000 yr simulations to 
check adjustment and mean state + run multiple 
experiments to quantify uncertainties 

‣ tracking, if not controlling, energy routes, sources 
and sinks



the next-generation climate 
model of my dreams

only in exploratory mode, to produce benchmarks for the 
development / improvement of parameterizations, 

NO ! in production mode, it is crucial to ensure long 
integrations and multiple realizations to quantify 
uncertainties.

should spatial resolution be increased?


