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1. stability and accuracy of the
physics-dynamics interface

» not well studied in literature (as dynamics)
BUT becoming more pertinent in context of
the evolution to NH

* new project
2. a result on transparent boundary conditions

that may be relevant for the ALADIN research
agenda
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Open guestions

Lectures Jean-Francois, “Numerics for physics”
Kranjska Gora, Slovenia, 2002:
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Methodology: first approach

» simple system, but with EXACT solutions
- Staniforth, Wood, and Coté, 2002
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» solution 1: free solution (homogeneous EQ.)
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Methodology: first approach

» simple system, but with EXACT solutions
- Staniforth, Wood, and Coté, 2002

OF OF .
| | OF = —A3F ilkx+€]
5 U 5, T iw BF + Re

« solution 3: forced resonant solution

=0 and w+EkU+Q=0
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Simple example (2TL SL SI)

Fi=AF}
1+ %w*At —1wAt — B(1 —€)At A
e

A= .
1 + 5w At + e5AL

ACCURACY
Bt Fe:z:act (t € At)
Al £
(0 + i) [B(2e = 1) +i(w” — w)] A + O(A1)°




Total time splitting or not?

“In case of total time-splitting, the physics is done
after the dynamics and starts from dynamically
balanced fields of the current time step”
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Total time splitting: ¢'* =1
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1+ Lw*At — iwAt
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(1 =pA—7 LAt
STABILITY
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Total time splitting or not?

BAL[2 — BAL] (sw* — w)2 At?

> 0
1+ qw At -

A2 = | AT =
if BAL <2

|IF WE WANT GUARANTEES FOR PHYSICS AND
DYNAMICS SEPERATELY IT DOESN'T MATTER!
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Corrector

¢ = (1—¢'") [y, Fy]
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Accuracy ® — D interface PC scheme

 exact solution (U = 0):
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Accuracy ® — D Interface PC scheme

 exact solution (U = 0):
F(t+ At) = {1 — (iw + B)At + O[At]*} F(t)
« &P =0, =1;
F§ = {1 - (iw+ B)At + O[AL?} Fy
¢+ ¢ =0, =0:
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Open questions to be treated

« other solutions than the diffusive

* (de)centering

« other first guess than non-extrapolating
* predictor corrector

e convergence properties when iterating more
than once

« partial (fractional) physics as in ECMWF
(Wedi 1999)




* It Is a jungle of possibilities
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* It Is a jungle of possibilities

« start from concrete problems (cases) and use
this method as a testing lab
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* It Is a jungle of possibilities

« start from concrete problems (cases) and use
this method as a testing lab

» or try to find some structure in It to stay as
general as possible
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Conclusions

 not really, only some preliminary results
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Conclusions

 not really, only some preliminary results
» nevertheless, this type of exercise is useful

¢ comments, questions, problems, ... are
welcome
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Transparent LBCs in a spectral LAM

« work of A. McDonald: transparent LBCs in a
LAM

» test in 3D: working

- advantage w.r.t Davies scheme: provide
coupling data on a line instead of a coupling

Zone




A spectral shallow-water model
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spectral shallow-water model

. compute derivatives

inverse FFT

explicit part in gridpoint space
FFT

. solve Helmholtz Eq.




A spectral shallow-water model
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A spectral shallow-water model
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A spectral shallow-water model

1. compute derivatives
2. Inverse FFT

3. overwrite the “incoming” LBC values that
have to be impose

4. explicit part in gridpoint space + extrapolate
the “outgoing” values

5. make fields periodic
6. FFT

/. solve Helmholtz Eq.
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Test: bell shape, no periodicity
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Test: bell shape, periodicity
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Conclusions

 extra work if we want to use transparent LBCs
In a spectral LAM
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Conclusions

 extra work If we want to use transparent LBCs
In a spectral LAM

 a possible solution would be to make the
fields periodic at all time steps just before
calling the FFT

 reopen the issue of the periodicity: cheap
algoritm
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