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Eddy composites for the southern ocean from obs.

[ Frenger et al., 2013] TKE in MABL from coupled model [Lemarié et al.] Eddy-induced vertical velocities from obs. [Chelton, 2013] Strong thermal and dynamical coupling at the characteristic scales of the oceanic mesoscale Limitation of current practices in global models ! Bulk forcing (i.e. via an atmospheric surface-layer parameterization) effect of thermal coupling is under-estimated (no downward mixing) effect of dynamical coupling is over-estimated (wrong energy transfers) 

Outline

Proposed methodology Simbad1d : a simplified marine atmospheric boundary layer model

Atmosphere-only numerical tests

Coupling with an OGCM and preliminary tests

) General approach : dynamical downscaling of atmospheric data to the oceanic resolution via a simplified MABL model (called SIMBAD) guided by operational weather forecasts or reanalysis (e.g. ERAi, operational IFS)

Momentum equation

@ t u + u • ru | {z } advection = f k ⇥ u | {z } coriolis 1 ⇢ rp | {z } hpg + @ z (K M (z)@ z u) | {z } turbulent mixing
. Radiative forcing is kept as it is . Which term should be recomputed at the resolution of the ocean ?

What is the appropriate level of complexity ... ) General approach : dynamical downscaling of atmospheric data to the oceanic resolution via a simplified MABL model (called SIMBAD) guided by operational weather forecasts or reanalysis (e.g. ERAi, operational IFS)

Momentum equation

@ t u + u • ru | {z } advection = f k ⇥ u | {z } coriolis 1 ⇢ rp | {z } hpg + @ z (K M (z)@ z u) | {z } turbulent mixing . Radiative forcing is kept as it is
. Which term should be recomputed at the resolution of the ocean ?

1 Derive a single-column model (SCM) (Coriolis + turbulent mixing)

2 Define a coupling between SCMs [e.g. giordani, 2006] 3 Define an integral "shallow-water like" version with slab model

Continuous formulation of single-column MABL model

Integrate winds u, potential temperature ✓ and specific humidity q 8 < :

@ t u = f k ⇥ u + @ z (K m @ z u) + R LS @ t ✓ = @ z (K s @ z ✓) + s (✓ ✓ LS ) @ t q = @ z (K s @ z q) + s (q q LS )
R LS represents a geostrophic "guide" and/or a Newtonian relaxation Surface boundary conditions for

K m @ z u| z=0 , K s @ z ✓| z=0 , K s @ z q| z=0
! IFS bulk formulation

. used operationally at ECMWF

. consistent with large-scale data

. include sea-state and convective limit 

Continuous formulation of single-column MABL model

Integrate winds u, potential temperature ✓ and specific humidity q 8 < :

@ t u = f k ⇥ u + @ z (K m @ z u) + R LS @ t ✓ = @ z (K s @ z ✓) + s (✓ ✓ LS ) @ t q = @ z (K s @ z q) + s (q q LS )
R LS represents a geostrophic "guide" and/or a Newtonian relaxation Surface boundary conditions for

K m @ z u| z=0 , K s @ z ✓| z=0 , K s @ z q| z=0
! IFS bulk formulation

. used operationally at ECMWF

. consistent with large-scale data

. include sea-state and convective limit . used operationally at Meteo-France (e.g. in Arome and Meso-NH models)

. recoded from scratch to allow more flexibility and better performances 

( @ t e = K m h (@ z hui) 2 + (@ z hvi) 2 i K s N 2 + @ z (K e @ z e)

  al., 2016] ! CheapAML[Deremble et al., 2013] Designed for large scales (no thermal or dynamical coupling) ! Full-coupling computationally unaffordable when x oce = x atm hard to find a good "set" of parameterizations Initialization issuesWhat are the alternatives to force an eddying global operational model (?)
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  Computation of the diagnostic mixing length LAt a discrete level we ensure consistency with MO theory in surface layer[Redelsperger et al. 2001] (i.e. L = 2.8z)[Deardorff, 1980] scale for N 2 = cste (i.e. L = p 2e/N 2 ) [Bougeault & Lacarrere, 1989] length scale with shear-dependent term of [Rodier et al., 2017] Evaluation of Simbad1D on standard test-case suite ! Validation methodology along the lines of the GABLS (GEWEX Atmospheric Boundary Layer Study) initiative Definition of standardized test-cases Model inter-comparisons between LES and SCMs Testcases for the validation of Simbad1D Neutrally stratified testcase [Andren et al., 1994] 2 GABLS1 : Stably stratified ABL [Cuxart et al., 2006] (typical situation over sea-ice) Winds across a Midlatitude SST Front [Kilpatrick et al., 2014] Simulations of reference obtained thanks to MESO-NH in LES mode Ekman layer at 45 o N (u G , v G ) = (10, 0) m s 1 Roughness length of z o = 0.1 m Simulation of 28 hours ! Improved results thanks to the discrete consistency with MO theory in surfaceSimulation of 9 hours ✓s(t) = -10 o Ct/4 ✓ ini = 2 o C