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1 Introduction

One of the main roles of horizontal diffusion in NWP models is to remove accumulated energy
near the tail of the spectrum which is trapped due to model’s finite truncation, i.e. to damp
short waves that do not have any predictive skill. Semi-Lagrangian Horizontal Diffusion[1],[2]

(SLHD) is an alternative scheme (to Linear Spectral DIFFusion - LSDIFF) for horizontal dif-
fusion implemented into the ALADIN/ARPEGE system. Unlike LSDIFF, which is purely a
numerical tool, SLHD is constructed in a way to represent physical processes of a horizontally
damping character, e.g. horizontal effects of turbulence and molecular dissipation. In order to
retain acceptable numerical efficiency and to perform in agreement with physical reality, SLHD
uses damping properties of Semi-Lagrangian (SL) interpolators for representation of diffusive
processes.

The SLHD scheme is consisted of three components: reduced spectral diffusion, supporting
spectral diffusion and grid-point diffusion. The first two components are linear diffusions used
mainly to cover numerical aspects, while later one is a flow-dependent nonlinear diffusion using
the properties of SL interpolators. There are many tunable parameters related to different
components of the SLHD. However, the main goal of this stay is to test the performance of
the grid-point component at 1 km resolution, as well as the possibility of its tuning. Concern-
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ing the representation of horizontal effects of turbulence the question related to necessity of
adapting SLHD for the grey zone of turbulence (where turbulent eddies are partly resolved and
partly sub-grid) arises. To determine how close we are to the grey zone, resolved and sub-grid
Turbulence Kinetic Energy (TKE) for 1, 2 and 4 km horizontal resolution configurations will
be compared.

2 Grid-point part of the SLHD (theoretical background)

The grid-point component is essential part of the SLHD scheme. The intensity of the grid-point
diffusion is computed through κ coefficient:

κ = ∆tF (d)
1 + ∆tF (d) (1)

which depends on horizontal flow deformation function F(d) and model time-step (∆t). Hori-
zontal flow deformation function is defined in the following way:

F (d) = a · 2d ·
(
max

[
1, d
d0

])SLHDB
(2)

where a is the main scaling factor for grid-point diffusion, d0 is a threshold above which enhanced
diffusion is activated and SLHDB is tunable parameter for further enhancement of F(d). a and
d0 are given by following expressions to make F(d) independent of the model resolution:

a = SLHDA0
(
c[∆x]3,ref

[∆x]3

)ZSLHDP1

(3)

2d0 = SLHDD00
(
c[∆x]3,ref

[∆x]3

)ZSLHDP3

(4)

where c is a stretching factor (c=1 for plane geometry), [∆x]3,ref is reference value of the
previous ALADIN/LACE domain, while [∆x]3 is ”CFL-spectral” mesh size. Other parameters
in (3) and (4) are all tunable. The role of empirical parameters ZSLHDP1 and ZSLHDP3 is
to make F(d) general with respect to actual mesh and domain size. Their values have been
evaluated as ZSLHDP1=1.7 and ZSLHDP3=0.6. This leaves us with three tunable parameters
within the grid-point part of the SLHD: SLHDA0 (overall strength of diffusion), SLHDD00
(threshold for enhanced diffusion) and SLHDB (further enhancement of F(d) with respect to
the threshold). Once when κ is computed, the strength of diffusion (or more precisely the
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