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1. Dynamical core of the SLAV operational model - recent developments 2.2.4 Shallow water experiments with different integration methods.

1.1 Brief description Galewski (Tellus, 2004) case, phase Il: barotropic instability development
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2. Development of dynamical core for new-generation global NWP model T Energy cons. (div-grad) | P, Ay, = (B)TAN
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* compressible non-hydrostatic equation set in height-based terrain-following coordinates (Fo); ~ 1 (Sg%(v cos @)1 1 + Sﬁ_%(u cos e)j_%) o f, Interpolation  matrices c.oEtstraIi.nts er;lsTIring
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* Possible integration strategies: semi-implicit semi-Lagrangian, exponential (-SL), Runge-Kutta i
IMEX with Eulerian advection (all under testing in shallow-water and vertical slice Euler-eqgs Interpolation design
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2.2.1 Second order exponential-Rosenbrock scheme for non-linear system 3.3 Results of numerical experiments
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Computing exp(J At) at the midpoints (unstructured Lagrangian grid) is difficult => Linear shallow-water equations on a rotating sphere. Geostrophically balanced flow in the pole-
3 stage scheme: rotated spherical coordinate system. Grids with N, = 128. Crank-Nicolson scheme with the

1) SL transport D1->A by the first half of trajectory iterative treatment of the Coriolis force terms. Helmholtz problem is solved using geometric

D1 o .. .
2) Calculation of exp-like function at arrival point A multigrid preconditioned bicgstab solver.

3) SL transport by the second half of trajectory D2->A D2 _ . - —
2.2.2 Phase velocities of processes with different time-integration strategies F
SI-SL not retarded retarded o i F 3 4 5 o i &5 4 5 o 1 & 3 4 : : o s
SI-EUL retarded(<=spatial discretization) retarded Masscons -~ Encons Noncons  —— Wass <o
Time evolution of the normalized energy absolute error.  Time evolution of the normalized mass absolute error.
EUL-EXP Retarded(<=spatial discretization) not retarded N
SL-EXP not retarded not retarded T
Time integration schemes:
SI-SL — semi-implicit semi-Lagrangian SI-EUL — semi-implicit Eulerian |
EUL-EXP — exponential Eulerian SL-EXP — semi-Lagrangian exponential 10

2.2.3 Shallow water experiments with different integration methods.
Galewski (Tellus, 2004) case, phase I: inertia-gravity wave propagation

div t=5hr, SISL 128x128x6 dt=1800s div t=5hr, EXP-SL 128x128x6 dt=1800s div t=5hr, RK4 128x128x6 dt=100s

Regular C

a=1/2 O = 1/4 — = 1/8

Steady state test case time evolution of the normalized
[, height error. a is the angle of pole rotation.

4. Conclusions

1. SL advection is difficult for massively-parallel implementation, however, there are ways to
reduce its cost somehow.

2. SL-exponential time-stepping and staggered reduced grid are attractive alternatives for
mainstream computational methods. Further research is interesting.

Divergence after 5hr of integration. The position of initial flow disturbance is shown by red star.
Dashed circle indicates the distance of mean phase velocity multiplied by the time. SISL
solution is characterized by the spurious numerical dispersion of inertia-gravity waves. EXP-SL
solution is similar to the solution of explicit scheme.



