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Study objective

» Improve the turbulence parameterization for CAT events in upper levels

Methodology
» Choose a case study
> Reproduce the meteorological situation with atmospheric model(s) and analyze their behaviour
» Conduct high resolution (LES) simulations in order to obtain reference turbulent fields

> Assess, by comparison with coarser fields, which turbulent scheme components need improvements.
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Il - Case Study : Winterly jet above Luxembourg and Belgium (27/01/2018)
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Results at 1.3km resolution
Wind, TKE 1200 UTC, 11500 m (models levels)

Run CTRL (MesoNH)
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Temporal evolution in upper level box : Sensitivity experiments
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Il - Towards High Resolution Simulations (LES)

Objectives

» Obtain fine resolution reference wind fields and temperature resolving most of the energetic turbulent motions
» Diagnose TKE and source terms of the evolution equation.

»> Compare with what was obtained at 1.3 km and other resolutions. (via coarse graining methods)

Experiment setup

» Box centered domain 2000 x 2000 (Ax = 260m) and an isotropic grid between 8000m - 14000m
» 3D formulation, Deardorff mixing length
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260m resolution TKE and W fields at 11500m (1330 UTC)

TKE [m? /5%

1Koch et al. 2005
10/22



260m resolution TKE and W fields at 11500m (1330 UTC)

TKE [m? /5%

> Wave-like structures in vertical wind and TKE fields with ~ 3.5km horizontal scale

1Koch et al. 2005
10/22



260m resolution TKE and W fields at 11500m (1330 UTC)

TKE [m? /5%

> Wave-like structures in vertical wind and TKE fields with ~ 3.5km horizontal scale

> Propagating perturbations locally modifying stability conditions and allowing production of TKE 1

1Koch et al. 2005
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Domain wide horizontal spectra
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> Peak energy injection at 3-4 km scales — Atmospheric gravity waves consistent with KH instability !

> Kinetic energy spectra for W can be used to diagnose Turbulent Dissipation in the inertial range 2, but need
sufficient resolution.

1Stanley B. Trier et al. 2020
2Sharman and Pearson 2016; Moeng and Wyngaard 1988
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Partitioning between Resolved and Subgrid Energy via Coarse Graining method®
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> Will allow to diagnose source terms from
the LES resolution and use these as
> W fluctuations resolved at ~ 82% for 260m resolution "truth” fields.

lHonner‘t, Masson, and Couvreux 2011
2Wyngaard 2004
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> Need to increase AROME vertical resolution in order to have TKE production
> BL89 mixing length allowed TKE production for both MesoNH and AROME, contrary to the Deardorff formulation
> Very weak impact of the 3D formulation at kilometric resolutions

> Sensitivity to the turbulent dissipation coefficient

High resolution simulations (Ax = 260m)
> Allow to resolve 3.5km scale waves, badly represented at operational resolution.

» Enhanced TKE production linked to gravity waves presence.

> Existence of an inertial range in kinetic energy spectra

Outlook
> Need for finer resolution ; Ongoing simulations at Ax = 130m
> Diagnostic of turbulence equation terms via coarse graining method

» Diagnostic of the turbulent dissipation rate from spectral inertial range.
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Turbulence representation in Météo-France NWP operational models

Turbulent fluxes parameterization in Arpege, Arome and MesoNH models

2Cuxart, Bougeault, and Redelsperger 2000.
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Turbulent fluxes parameterization in Arpege, Arome and MesoNH models

General formulation consisting in exchange coefficients for the turbulent flux of quantity ¢ :

_ L)
Td = — K, ——
w'e ¢ 0z
with
Ky = al/ey;

depending on a diagnostic mixing length and the Turbulent Kinetic Energy (e), following the pronostic evolution
equation :
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Turbulence representation in Météo-France NWP operational models

Turbulent fluxes parameterization in Arpege, Arome and MesoNH models
General formulation consisting in exchange coefficients for the turbulent flux of quantity ¢ :

- 0z
with

Ky = al/ey;

depending on a diagnostic mixing length and the Turbulent Kinetic Energy (e), following the pronostic evolution
equation :

De 1o} de —— Ou; —_— e3/2

— = —|(Crrlve=— ) —-du— + pwo — C.

Dt Ox; Ox; " 0x; e

~~ —— N——— —— ——

TKE Turbulent Dynamical Thermal Auto-dissipation
Variation Diffusion production production

Stability impacts in the thermal term, stability functions and mixing lentgh parameterization.
1.5 order formulation

2Cu><art, Bougeault, and Redelsperger 2000.
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In Situ EDR3 measurements

The EDR index corresponds to Moderate or greater All reports
EDR = /3
and, according to its value, classifies CAT 200 200
events as :
> Very Weak : 0 < EDR < 0.1
400 400
> Weak : 0.1 < EDR < 0.2 =
» Moderate : 0.2 < EDR < 0.3 9:_‘
» Severe : EDR > 0.3 § 600 600 Turbulence Intensity 7
= [ Very Weak
< I Weak
I Moderate
800 800 B Severe |
1000 1000
i i
0 100 200 0 1000 2000 3000

Available EDR reports classification and altitude repartition, on 01/27/2018

3Sharman and Pearson 2016.
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Numerical experiments

Label Model Mixing Length ~ Turb Az (10-12km) At C.
ARO90 AROME BL89 1D ~ 400m (stretched) 50s 0.84
MESONH90 MESONH  BL89 1D - 2s 0.84
ARO105 AROME BL89 1D ~292m 50s -
CTRL MESONH  BL89* 1D - 2s -
BL3D MESONH  BL89 3D - - -
DE3D MESONH  Deardorff® 3D - - -
DE1D MESONH  Deardorff 1D - - -
RM17 MESONH  RM17° D - - 0.34
DISS MESONH  BL89 1D - - 0.42

Table: Realized sensitivity experiments at 1.3km resolution

4Bougeault and Lacarrere 1989.
5Deardorff 1980.
SRodier et al. 2017.
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Air layers stability
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Gradient Richardson (Rig), Vertical wind Shear (S?) and Briint-Vaisala frequency (N?) at 1200 UTC
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3D turbulence scheme budgets terms
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Budget terms between 1100 and 1200 UTC in box. Comparison between 1D and 3D
formulations of the CBR turbulence scheme with MesoNH
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Vertical wind sections

DE1D at section2, 12:00:00 CTRL at section2, 12:00:00
16000 65.00 16000 65.00
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Meridional section In box. Red : TKE ; Blue : Richardson ; Black : 2K-isothermals

» TKE spatial localization correlates with low Ri zones. The TKE field induces a decrease for jet wind speeds
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