SEMI-LAGRANGIAN ADVECTION SCHEME
WITH CONTROLLED DAMPING -

- AN ALTERNATIVE WAY TO NONLINEAR

HORIZONTAL DIFFUSION IN A NUMERICAL
WEATHER PREDICTION MODEL

FILIP VANA
CHMI

Introduction
SLHD scheme definition
SLHD scheme properties

Demonstration of SLHD scheme skills
Conclusion



Horizontal diffusion in atmospheric models

e Formal mathematical reason
avoid the hyperbolic kind of model equations
= with current models no need to take care about...

e Parameterization of the physical processes
horizontal turbulence and the molecular exchange

= non-linear operator using flow field characteristics

e Numerical filter
removing the accumulated energy from the end of a model
resolved spectrum and filtration of the numerical noise
= linear operator of the kind of KV" is sufficient



SLHD scheme definition

Semi-Lagrangian advection
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SLHD scheme definition II.
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SLHD properties

Comparison of the SLHD scheme characteristics with the
ALADIN spectral linear diffusion parameters ‘H and r:

General form of linear diffusion:
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SLHD properties II.

Characteristic curve of the SLHD expressed in equivalent
H and r parameters (obtained from the idealised experiment).
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SLHD properties III.

Real case
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SLHD potential problems

e Can the SLHD scheme influence the distribution of
the origin points of S-L trajectories? Is the scheme
performance dependent to this distribution?

e Can the non-uniform smoothing of the SLHD diffusive
interpolator depending to the position of the S-L origin
point be responsible for malfunctioning or small scale
noise generation?



Distribution of the S-L origin points
d

distances from the closest grid point (2D)
wWith SLHD
Number of diagnosed items : 14 315 239
Min. 1st Qu. Median Mean 3rd Qu. Max.

6.077e-05 2.040e-01 3.331e-01 3.289e-01 4.519e-01 7.071e-01

Quantile of 1% cases: 0.03697184

Reference
Number of diagnosed items: 14 315 288

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.021e-05 2.041e-01 3.332e-01 3.290e-01 4.520e-01 7.069e-01

Quantile of 1% cases: 0.03700731



Influence of the S-L origin points
distribution to the SLHD performance

Kinetic energy spectra

35th model level
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amplification

Amplification factor of the diffusive
interpolator with respect to the S-L
origin point distance from the grid point
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Amplification factor of the diffusive
interpolator with respect to the S-L
origin point distance from the grid point

Amplification by homog. interpolator

1D simulation
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Parallel test, 19 days period

Evolution of geopotential RMSE scores with forecast range
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Adriatic storm, ALADIN/LACE analysis

Base2001/07/21 OOUTC ABS.TOPOGRAFIE [4dkm)] 500hPa  eqe@
INITIAL TLAK NA HL.MORE ~

mmai om@<ocnoo FriOct 3 ?.“Nw“ow 2003 [PFANALALAD-+0000]




Adriatic storm, operational forecast

Base2001/07/20 00UTC 24 ABS.TOPOGRAFIE [4dkm] 500hPa  eqe®
<m__o_moo<ow\ﬂ 00UTC TLAK NA HL.MORE A




Adriatic storm, SLHD

mmmmmooé\ow\moooc._.o D] ABS.TOPOGRAFIE ?%i moo%o!o
Valid2001/07/21 0QUTC TLAK NA HL.MORE ~
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Adriatic storm, vertical cross-section line

ASCS — Aladin Space Cross Section




Adriatic storm, operational forecast

Base: 20-07-2001 00 UTC
Valid: 21-07-2001 00 UTC
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Adriatic storm, SLHD

Base: 20-07-2001 00 UTC
Valid: 21-07-2001 00 UTC
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Cconclusion

e General advantages of the SLHD scheme
— Trivial implementation
— Cheap non-linear diffusion

— Stable

e Advantages of the SLHD scheme for a spectral model
— Physically realistic
— Real horizontal diffusion
— Scope to affect any prognostic field

— Simple treatment in a case of non uniform model mesh



e \Weak points
— Unable to control the noise generated by model orography

— Only one degree of freedom for tuning



