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» Introduction: an overview of the TOUCANS scheme
» Development of the new Turbulence Length Scale (TLS) formulation

» Results:

» Comparison with LES-diagnosed TLS and preliminary 3D model validation

» Analysis of inversion and convection cases

» Objective verification

» Conclusion
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Introduction: an overview of the TOUCANS scheme 7~~LACE
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» TOUCANS is a two prognostic energy scheme (Bastak Duran et al. 2014, 2018):
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» Computation of turbulent fluxes above the surface layer:
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» Computation of turbulent fluxes in the surface layer:
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» TLS is an essential quantity in the e, — L type of closure representing the size
(dimension) of the most energetic turbulence eddies

» TOUCANS distinguishes several TLS: Lk, Ly and L. (related through the main/master
TLS - L,)

» Following Redelsperger et al. (2001), the relationship between Lg, L. and L,, is
stability-dependent (cf. Masek et. al. (2022) for details):

1 Ly 1- Rif} i
Lk = L,Fé, Le=—, Fe= - 10
: F. [X?,(le) (10)
» For consistency with previous pTKE scheme, it is assumed:
V3 1 C. 1
lm = o (LE-L)® — L,= ﬁlm v=(CkgC)* (11)

lm - Prandtl type mixing length; C./v® ~ 6 (prone to tuning)
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» Currently, the Geleyn-Cedilnik formulation is a default choice in TOUCANS:
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» We start from the generalized version of BL89 TLS following Rodier et al. (2017):

z+Lup g
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» Can we assign L., directly to any of TLS options within TOUCANS?

1. Obey similarity laws in the surface layer: ¢ and }x

2. Ensure numerically stable solution: Ji{

» Initial attempt with the remaining option (L,):
C Problems:
L, = min ( —&z, L (16) : ;
n 3 v HTKE 1. Obeying MOST is not ensured
2. Possibility of a "jumpy” solution

3. Insufficient mixing (overall)
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» Smoothing the transition between two solutions in the surface layer:

Ie _ Z
f =3.£2-2.f3%  f =max |0,min (1, ¢>] . e, >c,  (17)
w w w C2 _ Cl
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D

— ¢,=01, =02

oz = Gmomsg=0ls 1. Partly solves the problem of insufficient mixing

2. Problems in convective conditions and near PBL top

3. Can crossing parcels help (e.g., Golaz et al. 2002)?
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» Few more items are needed to finalize the solution:

1) Regime-dependent minimum TLS near the PBL top (Bechtold and Marquet 2020):

Ly, = min {max {LBm 1 bovre “Louns (ng, ), LBm} ,LBLTQ} (19)
Caz = Cai
Ay =04(z=15-H ) —0s(z=0) (20)
2) Minimum allowed upper-air TLS (L s + Ligans):
e = max(Lys Tann )y T = f (Lprs Dgaes Dores) (21)

3) Introduction of global scaling with x (even smoother transition in the surface layer):

L = HCe fz+(1—f)L

V3
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We need a reliable "tool” to validate this — LES-based TLS diagnostics
MicroHH DNS and LES model (van Heerwaarden et al. 2017)
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» TLS is diagnosed from LES budgets of ey, s and g after Bastak Duran et al. (2020)
and Reilly et al. (2022) - four idealized cases
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» What is the contribution of components we added to the L 23 solution?
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» ALADIN-CZ at Ax=2.3125 km and 87 levels, NH-dynamics and ALARO-1 physics

» Anticyclonic period with persistent inversion over Czechia (23 November 2019 case)
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Results (analysis of the inversion case) SLACE
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» Slightly improved representation of inversion (Prague-Libus)

» Improved temperature and wind profiles at Cabauw (heat and moisture fluxes as well)
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» The LH?3* option (very close to initial implementation) had 15-25% larger RMSE for
most of the surface and upper-air scores (up to 850-700 hPa)

» Due to x scaling (mainly) and "internal” tuning (Co, c2, ca1, ca2 and Lg 1), the statistical
performance is now nearly neutral with the reference (L&)

» However, there are some improvements:
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» The settings of LH?3 TLS formulation are more or less confirmed by LES-diagnostics
and it gives satisfying first results within the 3D model

» As expected, the improvement is mainly seen in statically stable conditions
» Further validation and tuning of other components/processes are needed
» Despite similar attempts (Lyin and Hpg. method), the LS formulation was not improved

» The LH?3 TLS formulation is not scale-aware (obvious from LES results), neither the
TOUCANS scheme (at least not fully) - further work is aimed in that direction

There is a related publication in preparation!
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Thank you for your attention.
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