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1/ Introduction
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The North-Western Mediterranean 
(NWM) Sea is a key location where 
intense air-sea exchanges occur, 
especially during winter when the 
succession of strong northerly and north-
westerly wind boosts the dense water 
formation (DWF).

HyMeX SOP2, from 1 Feb. to 15 Mar. 
2015, was dedicated to the observation of 
the DWF and ocean deep convection 
processes in NWM, providing a unique 
dataset to evaluate the accuracy of the 
ocean models to well represent the water 
column. 

Aim of this study: evaluate the 
sensitivity of the DWF in NEMO-
WMED36 simulations regarding the 
initial conditions and air-sea coupling.

2/ NEMO-AROME WMED

AROME-WMED (Fourrié et al., 2015)
Based on AROME cy38t1 - no assim
SURFEX v7_2
Δt=60s - Δx=2.5km - 60 η-levels
Turbulent fluxes: ECUME
Radiative fluxes: 6 spectral-bands 
scheme for SW; RRTM for LW

NEMO-WMED36 
         (Lebeaupin Brossier et al., 2014)
Code: NEMO v3_2 / SIMED
Δt=240s
Δx=1/36° (from 2.1 to 2.5km) - 50 z-levels
Bathymetry: v10 Mercator-LEGOS
River runoff climatology
2 open-boundaries: Alboran Sea and Sicily 
Channel

OASIS3-MCT (Valcke et al., 2013)
Bilinear interpolation
Coupling frequency: 1h

NEMO-WMED36

AROME-WMED

SURFEX
OASIS

4/ Sensitivity to Initial conditions

5/ Sensitivity to air-sea coupling

IM36 IPSY IMAP

0.47 0.50 1.41

1.02 0.59 2.59

0.84 0.30 0.77

6/ Conclusion

diff Qnet (W/m2)

diff Fwat (kg/m²/s)

diff Stress (N/m2)

First the 3 experiments are compared  to 
the ARGO dataset. The vertical 
stratification is very different. IM36 has 
the strongest stratification with very large 
biases, in particular in temperature. IPSY 
shows a density bias inversion at 800m-
depth with too light water in the upper 
part and too dense in the deep layer. On 
the contrary, IMAP presents the lowest 
biases, which are almost null, and shows 
a very low stratification.

IMAP has the best agreement in terms of 
Western Mediterranean Deep Water 
(WMDW) characteristics (θ=12.92°C and 
S=38.485psu). IPSY dense waters are a 
little too salty whereas IM36 has too cold 
and fresh WMDW.

The DWF rates for water denser than 29.11kg.m−3 computed for the 3 experiments 
is between 0.5 and 2.6Sv. IMAP shows the largest production in coherence with a 
too large simulated convection favors by a very low stratification in the MOOSE-
ASICS analyse. IM36 and IPSY seem to underestimate the deep mixing compared 
to observations. However, they both present a deep convective area in the Gulf of 
Lion with sizes in good agreement with several past studies.

IM36 IPSY IMAP

Fig 4: SOP2 mean bias in density against ARGO profiles

Fig 1: The dense water formation process

Fig 2: NEMO-WMED36 domain and bathymetry (m)

Fig 3: Coupled system exchanges

Fig 5: θ/S diagram averaged for SOP2 in the NWM

Fig 6: MLD from density in-situ profiles and 
colocalized simulated MLD. Contours indicate 

the convective zone in the simulations. 

Table 2: 29.10, 29.11 and 
29.12kg.m−3 DWF rates (Sv)

IM36 IPSY

IMAP

Initial Conditions

The DWF simulation depends strongly 
on the initial conditions. A strong 
stratification delays the deep convection
whereas a low stratification create a too 
large simulated convection zone and 
convection occurs sooner. 

Fig 7: Mean difference between CPL - IMAP

Coupling

● Small differences in term of net heat and 
water fluxes.

● DWF rate is slightly changed.
● Fine scale ocean processes are 

significantly modified (eddies, 
cascading), interact directly with the 
convective patch, impacting the mixing.

 IMAP CPL

29.10 1.41 1.26

29.11 2.59 2.38

29.12 0.77 0.56

Fig 8: Depth (m) of the 29.12 
kg/m³ isopycnal surface 

Table 3: DWF rates (Sv)

IMAP CPL

02MAR2013 02MAR2013

The comparison between CPL and IMAP 
shows small differences in term of net 
heat, water and momentum fluxes. On 
average the fluxes are lower in the 
coupled simulation, thus reducing 
cooling, evaporation and wind stress. 
However the spatial distribution of this 
difference presents an opposite 
behaviour along the northern coast and 
particulary on the Gulf of Lion shelf.

The stratification is not strongly changed. 
DWF is slightly sensitive to air-sea 
coupling. DWF rate are little bit smaller 
for CPL with rates for water denser than 
29.11kg.m−3 of 2.4Sv against 2.6Sv. 

However fine-scale local ocean 
processes, such as shelf dense water 
formation, cascading, or eddies 
circulation are significantly modified by 
coupling.

Whereas CPL produces less 
DW in the central convective 
zone, it generates more and 
denser DW in the shelf zone 
than IMAP. 

Dense shelf water even 
overflows the shelf edge in CPL 
and cascades downslope 
merging with DW formed 
offshore.
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3/ Numerical experiments

OBSERVATIONS

START END IC OBC SURF

IM36 15 Aug 2012
+15-day spin-up

15 Mar 2013 MED36v50-ARPERA3
(Aug 2012 avg)

MED36v50-ARPERA3
(monthly)

FORCED by AROME-
WMED forecasts

IPSY 1 Sep 2012
no spin-up

15 Mar 2013 PSY2V4R4
(1 Sep 2012)

PSY2V4R4
(monthly)

FORCED by AROME-
WMED forecasts

IMAP 1 Sep 2012
no spin-up

15 Mar 2013 ASICS (MOOSE) 
+PSY2V4R4
(Aug 2012)

PSY2V4R4
(monthly)

FORCED by AROME-
WMED forecasts

CPL 15 Jan 2013
-

15 Mar 2013 IMAP restart fields PSY2V4R4
(monthly)

COUPLED with 
AROME-WMED 1h-freq

Table 1: Sensitivity simulations: IM36, IPSY and IMAP for IC 
impact, IMAP and CPL for O/A coupling impact. 

ARGO at 
1950m ±2σ

50

25

0

-25

-50

2.5E-5

1.25E-5

0

-1.25E-5

-2.5E-5

0.02

0.01

0

-0.1

-0.2


