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Introduction

Experimental design

(a)

The Western Mediterranean basin (Fig. 1a) is prone to severe weather events, such as strong
winds or heavy precipitation situations, generally enhanced by the surrounding mountain ranges and
the intense air-sea exchanges. The Southeastern France and the Gulf of Lions (GoL) area are often
affected by mistral and tramontane that are offshore winds channelled and accelerated in the valleys
between the Alps, Massif Central and Pyrenees (Fig. 1b). They transport cold continental air over sea
and induce both strong momentum and heat exchanges at the air-sea interface.
In order to evaluate the strong air-sea exchanges that occur between the Atmospheric Boundary
Layer (ABL) and the Ocean Mixed Layer (OML) during mistral and tramontane events, the coupling of
a high-resolution atmospheric model with a slab ocean scheme is considered. We examined here the
sensitivity of coupled high-resolution short range simulations to various slab ocean model
configurations for two past intense mistral events.

The Weather Research and Forecasting (WRF)
atmospheric model from NCAR configuration:
Two interactive nested grid:
Outer domain – Western Med. basin
70x60 grid-points – Δx=21km – Δt=60s
Inner domain – Gulf of Lions
90x90 grid-points – Δx=7km – Δt=20s
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microphysics: WSM3
convection: Kain-Fritsch
turbulence: YSU-PBL
IR radiation: RRTM [Mlawer et al., 1997]
solar radiation: Dudhia [1989]
turbulent fluxes: «MM5 similarity» [Monin and Obhukov, 1954]
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23-26 March 1998 event: mistral unsteadiness + cool SST
Corresponding heat fluxes (H+LE) <500 W/m2
OML cooling and deepening more significant in the Gulf of Genoa

Intense Ligurian flow – unsteadiness and moderate intensity of the mistral (~14 m/s)
during 12hrs
initial SST field on average over the basin = 13.4°C (weak air-sea thermal contrast)
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Fig. 1 (on left): Domains of simulation at (a) 21 and (b) 7 km-resolution
(topography in meters).

Ocean mixed layer evolution
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Initial and boundary conditions from the NCEP global
reanalysis (2.5°x2.5°)

23-26 March 1998: FETCH experiment [Flamant, 2003]

(a)

SLAB SCHEMES GENERAL
EQUATIONS [Price, 1981]

28 vertical levels

(b)

The main objectives of this study are:
●
to evaluate the fine scale OML evolution in terms of depth and SST under mistral events.
●
to identify the main processes involved in the ocean response at mesoscale.
●
to estimate the feedbacks of an interactive OML on the atmospheric simulation.

Meteorological situations

A slab ocean model is a simplified representation of the OML as a layer of depth initially homogeneous over the whole basin with a temperature initially equal to
the Sea Surface Temperature (SST) over its whole depth (Fig. 2).
The original slab ocean model available in the WRF model is based on the wind-mixed layer model including the Coriolis force. It was coupled to the WRF model
for application on tropical cyclones. We aim to evaluate the impact of such a slab ocean model in other high-wind situations at midlatitudes.
In addition, we investigate the possibility of improving such a slab model. In particular, we made modifications in the original slab ocean scheme available in
order to take the surface heat budget into account (Table 1).
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Fig. 2: Schematic representation of the complete slab ocean numerical model.

5-9 November 1999 event: Mistral intense and persistent + strong thermal contrast
at the air-sea interface
Corresponding heat fluxes (H+LE) >1000 W/m2
Strong OML cooling and deepening, more significant under mistral and tramontane

(c)

Comparison between the various ocean slab schemes: 5-9 Nov. 1999

(c)

(a)

(b)

Tab. 1: Description of the numerical experiments. u,v are initially nulls and T=SST all
along the CMO depth

(a)

(a)

No MLD evolution
and no horizontal
currents simulated in
the « thermal »
scheme

Fig. 3: (a) 10mwind (m/s) on 24Mar-98 12UT. (b)
Initial SST (23Mar-98 00UT)
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(d)

(b)

(d)
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5-9 November 1999: MAP-IOP 15 [Guénard et al., 2006]
Very intense mistral (>20 m/s) and persistent (60hrs)
initial SST field on average over the basin = 19.6°C (strong air-sea thermal contrast)
(a)

(b)

Fig. 4: (a) 10mwind (m/s) on 7Nov-99 12UT. (b)
Initial SST (5Nov-99 00UT)

Fig. 5: Mean SST temporal evolutions simulated over the
7km-resolution domain for the 23-26 March 1998 event
(top) and for the 5-9 November 1999 event (bottom).

SLABOML and COMPOML predict quite similar SST trends
(Fig. 5). The differences between the two curves is due to the
gradual deepening in COMPOML that tends to limit the SST
cooling, and in turns gradually induces stronger heat fluxes.
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Fig. 10: 9
November 1999
at 00UT: Sea
level pressure
(SLP-hPa,
greyscale and
white
isocontours) and
10m-wind (m/s,
arrows)
simulated by the
reference
experiment. SLP
(hPa) simulated
by SLABOML in
red isocontours.

(c)
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Fig. 11: Differences between COMPOML and REF the 24 March 1998 at 18UT for the 10m-wind components
(m/s). Purple thick lines delineates the 10m-wind speed module values in the REF simulation (m/s).

Fig. 12: Differences between COMPOML and REF the 24 March 1998 at 18UT for (a)
2m-temperature (°C), (b) 2m-water vapor mixing ratio (g/kg), (c) surface pressure (hPa)
and (d) total turbulent sea surface heat flux (H+LE – W/m2).
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Fig. 6: (a) Wind stress (N/m2) on 24-Mar-98 12UT; (b) Heat fluxes evolution (W/m2).
COMPLETE OML scheme response on 26-Mar-98 00UT:
(c) MLD (m) and currents (m/s); (d) Differences in SST from the initial state.

Fig. 7: (a) Wind stress (N/m2) on 24-Mar-98 12UT; (b) Heat fluxes evolution (W/m2).
COMPLETE OML scheme response on 26-Mar-98 00UT:
(c) MLD (m) and currents (m/s); (d) Differences in SST from the initial state.

The strong anomalies of the SST field simulated during the 5-9 November 1999 case (Fig. 7d) probably persisted several days over
the GoL, as evidenced by the cold anomaly found in the AVHRR SST field used in Lebeaupin et al. [2006] study of the 12 November
1999 heavy precipitation event (Aude case), whereas this anomaly is not present in the coarse SST field of the NCEP analyses.

Feedbacks on the
atmospheric
simulations
The feedbacks on the atmospheric
event have been investigated by
comparing the COMPOML experiment
to the REF. The strongest differences
are found for the 5-9 November 1999
case:
●A small modification of the trough
location (Fig. 10) leads to a weak
modification of the low-level wind
direction over the GoL and of the
horizontal
extensions
of
the
sheltered areas (Fig. 11).
●The coupling tends to decrease the
gradients at the air-sea interface.
The
low-level
atmospheric
temperature and humidity fields are
modified according to the air-sea
turbulent heat fluxes decrease (Fig.
12).

Fig. 8: ORIGINAL OML scheme
response on 26-Mar-98 00UT:
(a) MLD (m) and currents (m/s)
(b) Diff. in SST from the initial state.

The original scheme underestimates the OML cooling (Fig. 8).
The heat loss by surface fluxes dominates the OML thermal content
evolution more than the entrainment during tramontane/mistral situations.

Conclusions
Using the coupling between the WRF model and a slab ocean model during the two
tramontane/mistral events highlighted that the ocean response is sensitive to the strength
of the low-levels winds but also to their persistence and to the thermal contrast at the
air-sea interface. Small feedbacks on the atmospheric event have been seen, i. e. the lowlevel atmospheric fields are modified according to the heat fluxes decrease.
Our numerical experiments highlight the pertinence of coupling a slab ocean model to a
weather forecasting model [Lebeaupin Brossier and Drobinski, 2009]:
➢
to catch the OML evolution at mesoscale a few days before and during a sequence
of several high wind events over a small region as the GoL,
➢
to better reproduce the air-sea heat exchanges during severe wind events,
➢
and finally to obtain a better SST analysis even when satellite data are missing in
cloudy conditions.
A validation of this coupled system is expected from the HyMeX experiment observational
phases.
A high-resolution two-way coupling with a 3D ocean model is now needed for estimating
the OML modifications under a succession of severe weather events during the winter ocean
deep convection pre-conditioning phase and for studying the formation of local gyres and
coastal upwellings in the GoL under strong tramontane/mistral events as evidenced by Millot
[1979] and Estournel et al. [2003].

Fig. 9: THERMAL OML scheme
response on 26-Mar-98 00UT:
Differences in SST from the initial state.

References
Dudhia, J., 1989: Numerical study of convection observed during the winter
monsoon experiment using a mesoscale two-dimensional model. J. Atmos. Sci., 46,
3077-3107.
Estournel, C., Durrieu de Madron X., Marsaleix P., Auclair F., Julliand C. and Vehil
R., 2003: Observation and modeling of the winter coastal oceanic circulation in the
Gulf of Lion under wind conditions influenced by the continental orography (FETCH
experiment), J. Geophys. Res., 108 (C3), 8059, doi:10.1029/2001JC000825.
Flamant, C., 2003: Alpine lee cyclogenesis influence on air-sea heat exchanges and
marine atmospheric boundary layer thermodynamics over the western Mediterranean
during a Tramontane/Mistral event, J. Geophys. Res., 108 (C2), 8057, doi:
10.1029/2001JC001040.
Guénard, V., Drobinski P., Caccia J. L., Tedeschi G., and Currier P., 2006:
Dynamics of the MAP IOP 15 severe Mistral event: Observations and high-resolution
numerical simulations. Quart. J. Roy. Meteorol. Soc., 32, 757-777.
Lebeaupin, C., Ducrocq V. and Giordani H., 2006: Sensitivity of Mediterranean
torrential rain events to the Sea Surface Temperature based on high-resolution
numerical forecasts, J. Geophys. Res., 111 (D12), 12110 doi:10.1029/2005JD006541.
Lebeaupin Brossier, C., and Drobinski P., 2009: Numerical high-resolution air-sea
coupling over the Gulf of Lions during two Tramontane/Mistral events, J. Geophys.
Res., 114, D10110, doi:10.1029/2008JD011601.
Millot, C., 1979: Wind induced upwellings in the Gulf of Lions, Oceanol. Acta., 2,
261-274.
Mlawer, E. J., Taubnam S. J., Brown P. D., Iacono M. J. and Clough S. A., 1997: A
validated correlated k-model for the longwave, J. Geophys. Res.., 102, 16663--16682.
Monin, A. S., and Obukhov, A. M., 1954: Basic laws of turbulent mixing in the
surface layer of the atmosphere. Contrib. Geophys. Inst. Acad. Sci. USSR, 151,
163-187.
Price, J. F., 1981: Upper ocean response to a hurricane. J. Phys. Ocean., 11,
153--175.

