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1. Dynamic definition of the time scheme 

2. Finite elements used in vertical in NH 

3. The trajectory search in the SL advection 
scheme 
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Advection equation 

Time centered explicit  
         semi-Lagrangian approach 

Dynamic definition of the time scheme 
work of Jozef Vivoda 
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Advection equation 

Time centered explicit  
         semi-Lagrangian approach 

Dynamic definition of the time scheme 
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First order treatment NESC: 

 

The time centered scheme using available information 

 
 

For any h : 

 
 

For h  = 
 
 we get SETTLS (Hortal, 2002): 
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NESC 

SETTLS 

COMBINED SCHEME 

 

We may change ̡ arbitrarily from 0 to 1. 

We consider solution in the shape 

and analyse single Fourier component advected with a constant 
wind U 

Stability reached when μ!μҖ 1. 

Dynamic definition of the time scheme 
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   ̡  = 1         ̡  = 1/2   ̡= 1/100        ̡  = 0 

 

 

 

 

 

SETTLS: ˂, ̟  constraints    NESC: ̟=0 

Stability analysis 

Ҧ˂ɲt ҧ˖ɲt (Courtesy of J.Vivoda) 
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   Introduce implicitness: 

 

   Stability analysis for solution 

 ɻ =3/4: ̡  = 1   ̡= 1/2   ̡= 1/100        ̡  = 0 

 

 

 

SETTLS: ˂, ̟  constraints    NESC: ̟=0 

 

 

 

 

  

Dynamic definition of the time scheme 

(Courtesy of J.Vivoda) 
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Introduce explicit guess: 

 

Stability analysis shows better stability in both,  ̟and ˂  direction. 

=ɻ0, h  = 1/4     ɻ =0, h  = 0         ɻ =0, h  = -1/4        ɻ=3/4, h  = 1/10  

 

 

SETTLS: ˂, ̟  constraints    NESC: ̟=0 

 

 

 

 

  

Dynamic definition of the time scheme 
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Iterative centered implicit scheme 

Predictor step using combined scheme: 

 
 

Corrector step using NESC : 

 

 

 

  

Dynamic definition of the time scheme 

 ̡= 1 
SETTLS 

 ̡= 0 
NESC 

(Courtesy of J.Vivoda) 
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The advection treatment used  

1) in SL trajectory search  

2) for non-linear residuum in the SI scheme 

From experience:  

1) SETTLS beneficial for trajectory search 

2) Instability may occur when SETTLS applied on non-linear 
residuum, while NESC is stable (and only first order 
accurate) 

The idea: To use SETTLS whenever possible, and switch to 
b9{/ ƛŦ ƴŜŜŘŜŘΦ LŦ ƛǘ ǎƛ ƴƻǘ άǾŜǊȅ ƻŦǘŜƴέΣ ǿŜ ƪŜŜǇ ǎǳŦŦƛŎƛŜƴǘ 
accuracy and restore stability. 

 

 

For h  = 
 
 we get SETTLS (Hortal, 2002). 
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Experiments  

on small domain 

 

  

Dynamic definition of the time scheme 

(Courtesy of J.Vivoda) 
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PC with one iteration: 

 

 

for pressure departure. 
When              use SETTLS, 
otherwise use NESC 
in each grid point in 
predictor. 

Number of points 

with NESC  

calculation: 

Experiments on small domain 

(Courtesy of J.Vivoda) 
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Collect globally 
information on the usage 
of NESC; if NESC applied in 
less then 10% of grid 
points, skip corrector. 

 

 

 

Number of points 

with NESC  

calculation: 

Experiments on small domain 

(Courtesy of J.Vivoda) 
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Hence corrector is applied 
only once per several time 
steps. 

 

The accuracy and stability 
is restored. 

Experiments on small domain 

(Courtesy of J.Vivoda) 
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Dynamic definition of the time scheme 

Conclusions: 

ÁSETTLS scheme is enabled in predictor step of the PC scheme 
     (For LPC_CHEAP as well). 

ÁDynamic choice of the predictor used (SETTLS/NESC) and of 
the number of correctors applied may be an efficient answer 
to stability/accuracy trade-off. 

ÁWhen using dynamic definition of the time scheme we are 
not able to predict exactly in advance the time to results, 
some threshhold may be established. 
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Finite elements in the vertical in NH (Jozef Vivoda) 

Phased to CY45T1: still many parameters, correct namelist 
setting needed, as 

  LVERTFE=.T. 
  NVFE_TYPE=3 
  LVFE_FIX_ORDER=.T. 
  LVFE_DELNHPRE=.T. 
  LVFE_ECMWF=.F. 
  LVFE_LAPL=.T. 
  LVFE_X_TERM=.T. 
  NVFE_DERBC=2 
  NVFE_INTBC=2 
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Finite elements in the vertical in NH 

2x longer ɲz small ɲz, short ɲt 

VFD VFD 

VFE VFE 
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