Recent Developments in
Numerical Methods for
Atmosphere and Ocean
Modelling

Proceedings of a Seminar
2 - 5 September 2013
European Centre for Medium-Range Weather Forecasts

Reading, UK

Published by ECMWF 18 July 2014






Contents

| Do o0 X0 L0 Ut o (o) o VRS UUPTTRRTR iii

Contributions

Nils P. Wedi, Mats Hamrud and George Mozdzynski
The ECMWEF model: progress and ChalleNgES.......coiovciiiiiiiiiei et 1

Andrew Staniforth, Thomas Melvin and Nigel Wood
GungHo! A new dynamical core for the Unified Model .........cc.oeeioiiiiiciiei e, 15

Pierre Bénard

A non-hydrostatic SI dynamical core: current-state, limitations and perspectives.........ccccceeecuveeeennneen. 31
Giinther Zangl
ICON: The Icosahedral Nonhydrostatic Modelling framework of DWD and MPI-M ...........ccccceeeveenneee. 41

George Mozdzynski, Mats Hamrud and Nils Wedi
ECMWF’s IFS: Parallelization and exascale computing challenges........ccccccveeeiiiieiicciee e 53

Bill Skamarock, Joseph Klemp, Michael Duda, Laura Fowler
and Sang-Hun Park

Global nonhydrostatic modelling using Voronoi MESNES ..........ueeieiiiieieiiiee e e e 71
Sylvie Malardel
Physics/dynamics coupling at very high resolution: permitted versus parametrized convection........ 83

Mariano Hortal

Some aspects of the HARMONIE limited-area model.........ccooouveiiiiiiiii e 99
Michael Baldauf
The COSMO model: towards cloud-resolving NWP.........coccuiii i 107

S. Danilov, Q. Wang, D. Sidorenko, R. Timmermann, C. Wekerle,
V. Haid, X. Wang
Multiresolution modeling of large-scale ocean Circulation .........ccceeeecvieeeiciiee e 123

Joanna Szmelter, Zhao Zhang, Piotr K. Smolarkiewicz
A small-scale dynamics model using unstructured Meshes ........cccoccveiiiiiieii i 137

C.]. Cotter and A. T. T. McRae
Compatible finite element methods for numerical weather prediction ..........ccccecoveeiiieiiiiciieeeen. 149

ECMWF Seminar on Numerical Methods for Atmosphere and Ocean Modelling, September 2013 | i



Francis X. Giraldo
Continuous and discontinuous Galerkin methods for atmospheric modeling...........ccccocveeeeieneennneen. 167

Michail Diamantakis
The semi-Lagrangian technique in atmospheric modelling: current status and future challenges.... 183

Sarah-Jane Lock

Horizontally-explicit vertically-implicit time-stepping methods for NWP and climate models .......... 201
John Thuburn
Computational modes in weather and climate models..........coceeeeeioiciiiie e, 213

Rupert Klein, Tommaso Benacchio and Warren O’Neill
Using the sound-proof limit for balanced data initialization..........cccccovveeiiiiii i, 227

Piotr K. Smolarkiewicz, Christian Kiihnlein, Nils P. Wedi
A unified framework for integrating soundproof and compressible equations of all-scale

F 11 gTe 1 o] aT=Y g Tolo 1V =T 1 o1 o3 PSP 237
Annexes

R I oYl o T T d o1 o T Lo £ SR Al-1
1 SEMINAT PrOSIAMIME ccciiiiiiiiiiiiiiiiietttttettetteeteeeeeeeettteetttteeeteteeettetaetetteeeeeeteteeeteteeteeeeeeeteeeeeeeeeesereeeeeee All-1

ii | EEMWEF Seminar on Numerical Methods for Atmosphere and Ocean Modelling, September 2013



Introduction

The 2013 Seminar on "Recent Developments in Numerical Methods for Atmosphere and Ocean
Modelling" brought together mathematicians, fluid dynamics specialists, and atmospheric/oceanic
scientists to review and highlight recent advances and future challenges in high-resolution numerical
modelling of the atmosphere and ocean.

Driven by the rapidly increasing core counts, and the relative (energy) cost of communicating
between processors on the computers procured for numerical weather prediction applications, a
clear trend towards more scalable solution procedures, meshes and algorithms was presented. With
recent advances, ECMWF demonstrated that the semi-Lagrangian, semi-implicit spectral transform
technique remains competitive at current hydrostatic resolutions and with existing processor
technologies. However, it seems clear from all the presentations that substantial investment in
alternative solution procedures is required to face the future.

With pedagogical reviews the lectures highlighted the various aspects important for simulating
oceans and atmospheres. Alternative choices for the horizontal discretisation, in contrast to the
more customary latitude-longitude grid, included icosahedral grids, Voronoi (hexagonal) meshes,
finite-elements, higher-order continuous or discontinuous Galerkin methods, and fully unstructured
approaches. In the search for scalable alternatives, more local time-stepping methods were
reviewed, as well as alternative equation sets and the multi-scale nature of their solutions. The
interaction with physical parameterisations and the problems faced with partially resolved
processes, most importantly the redistribution of energy in the vertical via explicitly resolved
convection, was also discussed extensively. Finally, given the uncertainty of simulated processes in
weather and climate prediction, the need for the same accuracy in all computations has been
challenged and indeed may in itself provide an opportunity for scalability and (energy) cost
reduction.

The lectures were given by world leading experts (including 7 ECMWF speakers), of which three hold
the prestigious Advanced Grant for European Frontier Research funded by the European Research
Council. The excellent programme attracted not only students but also other experts in the field for
their education. This led to interesting questions and exchanges between the speakers and the
audience.

ECMWEF would like to thank all participants for an interesting seminar, and in particular the lecturers
for their stimulating presentations and for the written contributions to these proceedings.
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