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nwp central europe

Physics activities in RC-LACE

I Mario Hrastinski & RC-LACE physics team
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Outline ZLACE

nwp central europe

TOUCANS turbulence scheme upgrades

The microphysics-related developments (presentation by David Némec)
Cloud-Aerosol-Radiation (CAR) activities

ALARO in single-precision

Regional climate modeling with ALARO at CHMI (presentation by Jan Masek)
Surface physics activities (in presentation by Martina Tudor)

Other activities

Future work
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TOUCANS turbulence scheme upgrades SLACE

nwp central europe

The list of activities:
» Development and validation of a new Turbulence Length Scale (TLS) formulation
» The implementation of new PBL height (Hpg| ) diagnostics

Introducing weighted Ri¢ (combining local and non-local estimates after Bastak Duran et al. (2022))
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» Towards the pseudo 3D turbulence within the ALARO CMC
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TOUCANS turbulence scheme upgrades SLACE

nwp central europe

Development and validation of a new TLS formulation

» Currently, the Geleyn-Cedilnik formulation (LS) is a default choice in TOUCANS:
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TOUCANS turbulence scheme upgrades 7SLACE

nwp central europe

Development and validation of a new TLS formulation

» We start from the generalized version of BL89 TLS following Rodier et al. (2017):
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TOUCANS turbulence scheme upgrades SLACE

nwp central europe

Development and validation of a new TLS formulation

» The final solution:
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We need a reliable "tool” to validate the solution — LES-based TLS diagnostics after Reilley et al. (2022)
MicroHH DNS and LES model (van Heerwaarden et al. 2017)

The work of: Mario Hrastinski, Jan Masek, lvan Bastak Duran, Branko Grisogono and Radmila Brozkova
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TOUCANS turbulence scheme upgrades 7SLACE

nwp central europe

Development and validation of a new TLS formulation

» The evaluation in idealized cases (1-h averaged profiles): i) convective PBL (ARM and BOMEX; at +10-h and
+7-h) and ii) stable PBL (DYCOMS-Il and GABLS1; at +3-h and +4.5-h)

» In convective cases, LH2* and LSS perform similarly, while L724* underestimates TLS and fluxes

» Animprovement over L$C in more stable cases and near the PBL top (essential role of the « scallng
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TOUCANS turbulence scheme upgrades 7SLACE

nwp central europe

Development and validation of a new TLS formulation

» ALADIN-CZ model at Ax=2.3125 km and 87 levels, NH-dynamics and ALARO-1 physics; IC: local DA suite
and LBC: ARPEGE 3-h frequency

» AC period with persistent inversion over Czechia (23 November 2019 case): LH?* retains more low-level clouds
during the day and builds them up earlier in the evening (improved vert. profiles of temp. and wind speed)
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TOUCANS turbulence scheme upgrades SLACE

nwp central europe

Development and validation of a new TLS formulation
» MCS on 24 June 2022 (> 100 mm of precipitation in Prague); L2* slightly improved spatial patterns

» Statistical performance: RMSE of LH2* is nearly-neutral with L$® and 15-20% smaller than LH?4* for majority of
surf. and upper-air parameters (10-day periods); random error of surf. param. and extreme wind are improved

-
CZRAD LGC
18-24 UTC 6h accum.
L11;124 LEZ4*
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TOUCANS turbulence scheme developments 7 ;%WperpCE

The implementation of new PBL height (Hpg) diagnostics

» There is no method estimating H,;, accurately enough for different stability conditions:

The Weak-Capping-Inversion Method (WCIM): TKE-based method:
1 =
O(zi) > — 0y (z)dz + 0.25K 5 _ %05
ez = [ ot (5) Hooy = 22 ®)
convective and near-neutral PBL more general
Ayotte et al. (1996) Kosovi¢ and Curry (2000)

» A new and more robust method following Bastak Duran et al. (2022) is also coded:

Ztop
Hoal = oo - / o Lup - dz, Copn = 1.75 (7)
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TOUCANS turbulence scheme developments 7 ;%WD[_IADCE

WCIM method (used with LS TLS
formulation)

TKE-based method (used with LH2*
and LH24* TLS formulations)

The work of:
Mario Hrastinski and Jan Masek
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Cloud-Aerosol-Radiation (CAR) activities 7~LACE

nwp central europe

The list of activities:
» The preparation of CAMS aerosols
» The vertical distribution of climatological aerosols

» The case studies using different representation of aerosols
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Cloud-Aerosol-Radiation (CAR) activities 7S LACE

nwp central europe

The preparation of CAMS aerosols

» The dataflow for 2D/3D climatological and 3D n.r.t aerosols is finalized and tested (the work of Piotr Sekuta
and Jan Masek; report available at www.rclace.eu)

» Besides the code, a set of tools and procedures to handle CAMS aerosols is developed, documented
and available at Météo-France’s HPC (the work of Jan Masek and Ana Sljivi¢; report at www.rclace.eu)

» The content of climatological aerosols (details in the talk of Jan Magek at 4" ACCORD ASW):
» Tegen: aerosol optical depth at 550nm (AOD550) for 6 aerosol types (4 tropospheric + 2 stratospheric)

» 2D CAMS: vertically integrated mass/area for 11 aerosol species (based on the period 2003-2022;
0.75°x 0.75°grid)
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Cloud-Aerosol-Radiation (CAR) activities 7~LACE

nwp central europe

The vertical distribution of climatological aerosols

» There is a need to apply different idealized distribution to redistribute the 2D CAMS aerosols vertically
than in Tegen’s case (primary maximum higher in the PBL)

» A new term (red) is added into the existing vertical distribution function for aerosol MMR (raer(2)):

z p-1 z C - calibration constant; 3 - exponent in gamma distribution
raer(z) = C- exp | — (8) o ‘
Haer aer z- height; Haer - aerosol height scale

» Based on 3D climatology in period 2003-2022: i) high seasonal variability and ii) a different 3 exponent is
proposed for each month and aerosol type

The report of:
Ana Sljivi¢ and
Jan Masek

www.rclace.eu

(a) January (b) June
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Cloud-Aerosol-Radiation (CAR) activities 7~LACE

nwp central europe

The case studies using different representation of aerosols

> A clear-sky case (7-9 September 2023; the work of Jan Masek and Ana Sljivi¢):
» Removing the background values results in shifting the error towards the control experiment
» Keeping only stratospheric background values (tuning or take prognostic values)
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Cloud-Aerosol-Radiation (CAR) activities 7~LACE

nwp central europe

The case studies using different representation of aerosols

» An intrusion of Saharan dust (30 March 2024, 12:00 UTC; the work of Jan Masek and Ana Sljivié):

» The dust front propagated within the first 12-h but was not seen on the MSG imagery due to spacious and
deep cloud layer

» There is a big error in global radiation as model did not capture most of the clouds; n.r.t. option was more
successful in a few windows with almost no clouds

» 2D CAMS aerosols are ready for pre-operational testing (n.r.t. option needs some brainstorming)

vertically integrated dust (DD1 + DD2 + DD3) MSG 24h microphysics global radiation, Prague error of global radiation, Prague
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Shown is ratio of CAMS n.r.t. aerosols to CAMS  Colors: red — vertically extensive clouds;
climatology (gray means n.r.t. below climatology).  beige — low/medium clouds; pink — dust.
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CAMS 3D near real time aerosols
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ALARO in single precision % LACE

nwp central europe

» The starting point is CHMI's operational model based on the CY46T1-bf07; Ax=2.3125 km and 87 vert. levels,
NH-dynamics and ALARO-1 physics (two turbulence energies, prognostic graupel, Lopez evaporation, etc.),
IC: local DA suite and LBC: ARPEGE 3-h frequency

» ALARO-0 Single Precision (SP) worked immediately (more detailed validation will follow), while for ALARO-1
additional work in turbulence and moist physics was needed

» A comparison with the Double Precision (DP) experiment for the 24 June 2022 MCS chase points to differences
corresponding to the impact of a slightly shorter time-step:
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ALARO in single precision % LACE

nwp central europe

» A small difference in temperature tendency after +12 hours
» The saving on elapsed time (compared to DP) is between 36% (SHMI's HPC) and 45% (Météo-France’s HPC)

» There is ongoing work on the vertical finite elements scheme with the hydrostatic dynamics
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Other activities ZLACE

nwp central europe

» Wind gusts estimation based on the prognostic TKE (work of Radmila Brozkova): 8=
old method: new method: |
Uy, = u-+ FACRAF; - u. U, =u+FACRAF; - VTKE  — H
FACRAF; ~ 10 FACRAF2 ~ 4 (3.6) i

S0 Ne Po

» Modifying the roughness length computation of vegetation and snow, addressing the
impact of relaxation of snow towards the climatology and associated tuning (check CHMI poster)

» The high resolution experiments: i) in the Alps, i.e., Inn Valley (with AROME-AT; talk by Benedikt Wibmer at
4th ACCORD ASW) and ii) in Slovakia (with a RUC system; check SHMI poster)

» Investigating a problem of stratus forecast in valleys with AROME-AT and C-LAEF (the work of Daniel Deacu)

» The coupling of TOUCANS turbulence scheme with the SURFEX model (the work of many colleagues)

» Building the base of idealized cases for evaluating physics developments using the single-column model (the
work of David Némec and Mario Hrastinski)
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Future work ZXLACE

nwp central europe

» The TOUCANS scheme developments focus on three main topics: i) introducing 3D effects (ongoing work),
i) ensuring its scale awareness, and iii) addressing the issue of representing the stable boundary layer.
Additionally, reformulating the shallow convection cloudiness computation is foreseen.

» Both radiation and microphysics schemes aim to profit from introducing the CAMS aerosols: i) the former is
approaching the operational implementation (addressing background values is also planned) and ii) the latter
is still in the development phase (two-moment scheme).

» The planned radiation-related activities also include: i) achieving interoperability of ACRANEB2 and ecRAD
schemes between ACCORD CMCs, ii) investigating approaches to introduce the 3D effects and iii) revising
broadband gaseous transmissions.

» Getting towards the operational implementation of ALARO physics with the SURFEX model and exploiting
advanced options of the latter.

» Further development of the validation framework, focusing on the process-oriented approach.

Z v
> 20 @egizgﬁﬂ\we = smvy oy 0N

DHMZ



Regional Cooperation for
Limited Area Modeling in Central Europe LA E

nwp central europe

Thank you for your attention!
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