Meeting 30" October 2003 10am-4: 30pm, held at ARPA, Servizio Meteor ol ogico,
Bologna

Present:

Stephano Tibaldi and Davide Cesari, ARPA, Servizio Meteorologico, Bologna
LucaBoneventura Max Planck / University di Trento

Stephen Mobbs and Alan Gadian, Leeads’ University.

Purpose:
To discussnew developments in the use of different grid structures for numeric amospheric
models, with particular reference to the UK microscde modelling projed.

Discussion:

The discusson focused on both general / philosophical issues as well as gecific computational
aspeds of the “new” approadc of terrain interseding co-ordinates. Presentations were made by
both groups. Towardsthe end of the discussion, decisions were made on how to go forwards.

Microscale model (Leeds):
Stephen / Alan. During the morning the microscale model development was discussd, detail s from
the microscale web page were presented.

Terrain intersecting model approach (ltaly):
Lucaand Davide provided a badkground to the goproad, and then detailed gaod points and major
ISSues.

References:

“Semi-Lagrangian advedion on staggered catesian grids with cut cdls’ . In preparation

L. Boneventura, 2000, J.C.R. 158 186-213. “A semi-implicit semi-lagrangian scheme using the
height co-ordinate for a non-hydrostatic and fully elastic model of atmospheric flows’

L. Boneventura ¢ a., 2002 Int.Jou.Num.Meth.Fluids, 40, 217-230. “A cascadic conjugate
algorithm for mass conservative semi-inplicit discretizaion of the shallow water equations’

J. Steppeler et a, 2002 MWR. 21432149 “Non-hydrostatic amospheric modelling using a zco-
ordinate representation”

Web documents from the ICON projed and COSMO development

There ae aseries of advantages in this approach were described and where it has been productive:-

* Useinwater /tidal / seanumericd models, where large topographical slopes/ shelves are
apparent

* Ability to produce asystem which does not significant issues with solving the Helmholtz
eguation. Good results with presaure solver at the boundaries. (seesteppler However, Figure 9+
arein error)

* Avoidstheisauesof terrain following co-ordinates where large arors are produced with the
interpolation in the lower layers, where the c-ordinate system is most deformed. E.g. issues of
jets produced when isolated mountains are inserted into a stationary atmosphere and unrealistic
vertical velocities.

* Henceill conditioning problems are not present as in terrain following systems.

Good use of semi-lagrangian schemes.



* Essntialy a abic interpolant inside the fluid, with alinea representation nea the boundaries
» Useof regular spacal grids has advantage for errorsin numerical solvers. (diagonalisation
advantage)

Magjor issues.-

*  Problem with representation at the lower boundary where aut cdls intersed the lower boundary.

» 2-d approad, to use zeo vorticity in lowest elements, zero vertical velocity and tangential
velocity representation

* Inthe 2-d casethere ae 3 types of cells. Extendingto 3-d not yet completed, but thereis gill a
desire to use the zeo vorticity constraint.

»  Suggested use of radial basis functions in the boundary strip. Seereference of Behrens

« Interpolation acaracy important; linear is del?, cubic is del*

» Surface energy fluxes need investigating, and radiation model.

* What order of interpolation reeded. ( MacAlpine, MWR, 1989.. reference??)

Other points:

« Turbulence closure, 1% order, not of major concern (at present)

* LES compatability?

* Maybe mllaboration on microphysics/ energy fluxes/ radiation models?

Future planned development, on time scales of ~ Syeas, with significant effort. Meeting mid-

November to confirm the gpproacd.

* ICON project. Thereisanimminent decision on whether to use this approach for the next
generation of NWP models (DWD, Max Planck, Poland, + others). Thisis based on the
LOCALE framework. Thisisaglobal non-hydrostic projed with geodesic grids.

* Theprojed is part of the COSMO development, which isin parallel to the ICON project and is
also amajor projed.

* Thedevelopment isaimed at a LAM semi-implicit / semi lagrangian using ECMWF
assimilations

Conclusions.

« Invitation to 16" December workshop

* Ned to confirm the results of ICON Hamburg meding (16/11/03). What grid system and
eguation set to be alopted (looks like C grid to continue)

* Do wewant to be involved inthe LOCALE model? (?7?). A series of workshops are available,
but may be UK isaues with our connedion with the UK Met Office and DWD development.
However, perhaps no exchange of code may help.

*  Suggest future visit to Hamburg, to give seminar, develop collaboration with DWD etc?.

» Visitors programme to be investigated for UWERN, may-be in context of visit of Lucato
ECMWEF in March. (also | CFP conference & Oxford)

» Ascetain rature of terrain following inadequacies.



