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1. Horizontal Domain

2. Terrain-following Vertical coordinate

3. System of Equations

4. Space Discretizations

5. Semi-Lagrangian Time integration

6. Coupling 

Outline
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From Map Projection to Computational Domain, and vice versa

m : map factor



5/19

Biperiodicized Cartesian Domain

SLPINE

SEAM

Central zone

Extension-zone

Intermediate coupling-zone

Horizontal Fields must be extended periodically to allow 
the use of Bi-Fourier Spectral Transform Method. It is a 
Fill Gap  issue :

► Cubic Spline Extension method : polynomial 
extrapolation → may cause over- or under-shoots over 
complex terrain region.

► Symetric Extension And Mixing method : symetric and 
anti-symetric prologation are then mixed using a 
relaxation funtion. → less over/under shoots.

► Boyd Extension Method : best of all extension methods, 
starting from a wider C+I domain
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Hydrostatic pressure-based terrain-following hybrid vertical Coordinate

ALPS

HIMALAYA
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Implications of such a vertical coordinate :
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Doubly-Blended Dry and Abdiabatic Dynamical systems

HPE

QE EE

Hydrostatic Primitive 
   Equations system

    Quasi-Elastic  
Sound-proof system

  Euler-Elastic fully  
Compressible system

(0,1)

(1,0) (1,1)

continuous 

transition

Binary switch
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(δh , δq) couple of switches for various systems  HPE (0,1), QE 
(1,0), EE (1,1) :

(δh,δq)
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Horizontal discretization 

● All felds are co-located on the horizontal grid 
(A-Grid)

 

● Horizontal derivatives along constant η-
level are discretely computed via :

► Bi-Fourier Spectral Transform (ST) 
method.

► Grid-point local second order accurate 
Finite-Differences (FD),  or Finite-
Volumes (FV) methods  (as an option 
since cy49t2) using : SL HALO 
approach or ATLAS library

ST  ∂xT FD  ∂xT DIFF 

L90

L50
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Vertical Discretization 
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●  A vertical Lorenz grid is used : π, w, and z are 
placed at the interfaces (half-levels), the 
remaining variables are on the layers (full-levels).

 
● Vertical derivatives and integrals involved in the 

dynamical system are discretely computed via:

► Second-order Vertical Finite-Differences 
(VFD) method.

► High-order Vertical Finite-Element (VFE) 
Galerkin method.

VFE cubic spline 
basis functions
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Semi-Lagrangian « pointwise » Time integration

Arrival point on
 model grid-point

Origin point of
 SL trajectory

« Ideal » SL time 
integration scheme
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SL Iterative Centered Implicit (ICI) Algorithm 
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Lagrangian Interpolations at Origin point

●  SLHD : Aim at controlling the inherent 
diffusive property of the SL interpolations 
taking into account the horizontal flow 
deformation tensor. (Need for specific setting 
for each transported variable).

● COMAD : Improved the conservative property 
of the SL-interpolations taking into account 
the deformation of the air parcell surrounding 
the origin point along each direction. (Linear 
interp. for hydrometeors, cubic for others)

● SWEEP : Alternated quadratic interpolations 
from one time-step to an other (better 
conservative property), cf Petra’s talk.  

(Linear/Quadratic/Cubic) Lagrangian interpolations  at 
departure point with the following options :

Monotic preservation : Clipping limiters (LQMH, LQMV, LQM3D), 
vertical mass redistribution (based on ILMC approach, in preparation) 
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Variable conversion for implicit correction
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 SL orographic resonance 
  Treatment (δR=1)

 SL treatment of 
 Coriolis term (δV=1)

Implicit linear system is solved
for Z vector-state  by 
Converting X -explicit guesses

Suitable variable conversion 
helps to get more stable and 
convergent algorithm
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How Lateral Coupling is performed ?

α=1

α=0

(I)(I) (C) (E)

α : relaxation function varying gradually 
from 0 in the C-zone to 1 in the E-zone.
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SI linear blended operator, and Solver for the 
linear implicit system 

1.  (Tr*, Ta*, πs*) are assumed to be constant in 
space and time → current status in All CSC’s due 
the use of (ST) method→  Spectral direct Solver 
can be applied. → potential stability or 
convergence issue over steep slopes/high-plateau 
montainuous regions.

2. (Tr*, Ta*, πs*) are taken horizontally 
homogeneous but varying vertically and in time 
→ recently developed SI-UPDATE approach → 
flow-dependent → more robust  and spectral can 
still be applied. 

3.  (Tr*, Ta*, πs*) are space and time dependent → 
moving away from (ST) method. → Need to 
investigate Krylov preconditioned or Multigrids 
Solvers   

(Tr*, Ta*, πs*) are stabilizing SI 
parameters characterizing the linear operator L* :
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A brief Schematic Summary of the Model time loop  
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On-Going Activities & Plans 

SBR flow test

Current fixed-point 
Precond. fixed-point

● Improve Departure point SL research  : Speed-up the 
convergence of the fixed-point method for large Lipchitz number at 
high-resolution, by (i) taking into account a smarter starting point,   
(ii) precondioning the reseach through jacobian of the flow.

● High-order COMAD interpolations : refined higher-order piecewise 
re-construction with a better conservative and shape-preserving 
properties of the COMAD SL-interpolations

● Towards a more robust SI linear system : 

(a) Investigate potential increase of robustness brings by SI-UPDATE    
strategy for the current direct spectral solver. 

(b) Design of a horizontally varying coeff. SI linear system with Krylov    
 GCR(k) or Multigrids solver for more stability over steep slopes →  
Replace (ST) derivatives by local grid-point horizontal discretization 
(FD/FV)  allowed by recent SL-HALO or ATLAS approach. 

● Plan to be revisited : orography filtering, horizontal numerical 
diffusion, vertical spectral nudging, upper absorbing layer,  in the 
context of very high resolution   
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A more comprehensive scientific documentation is in preparation, as well as a user 
guide documentation describing the various namelist keys and related options 
supported by the current Dynamics. [Cf. Jana’s Talk] 

Thanks for your attention !

Documentation are on their way
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