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- Motivation

= [ICON-O-LAM short intro
= Implementation status

= Results and performance
= Further ideas
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ICON-O-LAM

= |ICON-O Limited Area Mode

=» Higher local resolution
= Based on LAM for ICON-A
LAM
=> Does not couple back to global -
= no nesting global
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ICON-O-LAM Initial data

Data output interpolation

External data

const

Global simulation
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LAM grid Boundary data Local simulation
interpolation
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Implementation status (grid)
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= Create LAM by cutting global grid (by Leonidas Linardakis of MPI-M)
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Implementation status (grid)

= Create LAM by cutting global grid (by Leonidas Linardakis of MPI-M)

= Dummy cell closure
(also by Linardakis)

=>» Quter cells see fake land

=> Zones:
>
= Nudging
= Prognostic
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Implementation status (grid)

refin_c_ctrl
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= Region definitions

L
@ =

= Based on distance
from the boundary

= 1 to 4: Boundary
interpolation zone
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=>» 5 to 8: Nudging zone

=]
=

%]
=

=>» Zones can be wider
(if needed)

= Similar for the edges
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Implementation status (BC)

= Assigning the lateral BC to the grid cells

1.

— 2.

Load initial conditions

Perform prognostic
calculations inside
for variable x

Apply nudging for x

Repeat from 2 for
the next variable

1.- -
Update boundary for x
SIﬁ ﬁ
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Implementation status (time interp.)

— Lateral BC period

- Temporal lateral boundary data interpolation — Simulation timestep

Lateral BC Lateral BC Lateral BC
00:00 UTC 01:00 UTC 02:00 UTC 03:00 UTC 04:00 UTC 05:00 UTC 06:00 UTC
S L S L B L L L B B |

00:05 UTC 01:05 UTC 02:05 UTC 03:05 UTC 04:05 UTC 05:05 UTC
00:10 UTC 01:10 UTC 02:10 UTC 03:10 UTC 04:10 UTC 05:10 UTC
00:15 UTC 01:15 UTC 02:15 UTC 03:15 UTC 04:15 UTC 05:15 UTC
00:20 UTC 01:20 UTC 02:20 UTC 03:20 UTC 04:20 UTC 05:20 UTC
00:25 UTC 01:25 UTC 02:25 UTC 03:25 UTC 04:25 UTC 05:25 UTC
00:30 UTC 01:30 UTC 02:30 UTC 03:30 UTC 04:30 UTC 05:30 UTC
00:35 UTC 01:35 UTC 02:35 UTC 03:35 UTC 04:35 UTC 05:35 UTC
00:40 UTC 01:40 UTC 02:40 UTC 03:40 UTC 04:40 UTC 05:40 UTC
00:45 UTC 01:45 UTC 02:45 UTC 03:45 UTC 04:45 UTC 05:45 UTC
00:50 UTC 01:50 UTC 02:50 UTC 03:50 UTC 04:50 UTC 05:50 UTC
00:55 UTC 01:55 UTC 02:55 UTC 03:55 UTC 04:55 UTC 05:55 UTC
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Results (region selection)
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Results (region selection)

cell_elevation
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Results (setup)

global 10km, global 40km, then LAMs on 10km

hourly forcing data, for each grid

72 vertical levels
5 months spin-up on global = interpolate to LAM - run 10 days

5 min timestep, 3-hourly output

v vV Vv Vv VY

more details: conjugate gradient solver, biharmonic viscosity for horizontal
diffusion of velocity, TKE for vertical mixing scheme
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Results (experiments overview)
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test Global 10km Global 40km rea”stic
resolutions resolutions
1 I I 2
LAM 10km LAM 10km
from 10km from 40km
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Results (comparison, 10km global, 10km LAM case)

= surface temperature after 10 days

global results LAM results
8 S o= o i
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Results (comparison, 10km global, 10km LAM case)
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= surface temperature after 10 days

global results LAM difference
8 - 8 L. . s s —— WSS PV
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= surface turbulent kinetic energy after 10 days

global results LAM results
8 . 8 .
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Results (comparison, 10km global, 10km LAM case)

= surface turbulent kinetic energy after 10 days

global results LAM difference
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Results (comparison, 10km global, 10km LAM case)
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Results (comparison, 40km global, 10km LAM case)

= surface temperature after 10 days

global results LAM results
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Results (comparison, 40km global, 10km LAM case)

= surface temperature after 10 days

global results
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= surface turbulent kinetic energy after 10 days

o global results LAM results
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Results (comparison, 40km global, 10km LAM case)

= surface turbulent kinetic energy after 10 days

o global results LAM difference
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Results (comparison, 40km global, 10km LAM case)
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Results (some conclusions)

= LAM on same resolution almost identical to global — implementation working
= LAM on higher resolution resolves much finer structure — as expected

= LAM needs little time to start developing finer structures — good potential

= 40km initial state is visibly not fully developed (from 10km perspective)

=» can we improve upon 40km based initial and boundary data (DA?)
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Results (performance)

| 46th EWGLAM & 31th SRNWP g
N—]

= Experiment size

3,73M 235k 76 k
5,61 M 357 k 114 k
1,88 M 121k 38 k

= Storage for 3—hourly data

9216

72 s 16
720 56,7 162
2160 170,1 48,6
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= Simulation speed

520 12 i
2,5 sec 1,3 sec 0,4 sec
12 min 6 min 12 sec 2 min
120 min 62 min 20 min
o 36 mir ih

=» Simulation speed normalized to 100 VEs

Single timestep 8 sec 1,7 sec 0,2 sec
SINCIEKEYA 38 min 24 sec 7 min 56 sec 58 sec
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= Contributors
= Ginther Zangl
= Roland Potthast
= Helmuth Haak
=» Leonidas Linardakis
= Peter Korn
=» Nora Schenk

=» Institutional involvment
= DWD
= MPI-M
= Geolnfo BW

¥ | 46th EWGLAM & 31th SRNWP g
=
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Outlook (summary)

Merge the changes into masters

Increase complexity of test cases

Implement asynchronous lateral boundary read

Implement sparse lateral boundary conditions

Couple ICON-O-LAM with atmospheric LAM

Implement variational DA into ICON-O-LAM in the next year

v vV Vv Vv VY
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Questions — comments — remarks
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Outlook (complexity)
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Outlook (async |O) Lateralgc | Time loop

retrieval

<
= Current synchronous IO read for LAM

a

Prognostic calc.

Lateral BC
assignment

»
»
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Outlook (async |O) Lateraigc | Time loop
retrieval

= Asynchronous IO read for LAM

IO#1 | 4= | ateral BC
|O #2 | G retrieval

Time loop <—

<
«

a

Prognostic calc. Prognostic calc.

Lateral BC
assignment

October 2024 46th EWGLAM and 31st SRNWP Meeting, Session on Dynamics 32

Lateral BC
assignment
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Outlook (sparse lateral BC)

=» Sparse lateral boundary data

replace with
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Outlook (sparse lateral BC)

=» Sparse lateral boundary data

=» This requires cell remapping each time new data is read, but
= Computations are faster than 10
=» Heaviest remapping part can be precomputed

% October 2024 46th EWGLAM and 31st SRNWP Meeting, Session on Dynamics 34



46th EWGLAM & 31th SRNWP Deutscher Wetterdienst

| | ' Wetter und Klima aus einer Hand

B a C kU p SI Ides ;aCkupslquS =




|
WA iy zentrum fir Deutscher Wetterdienst

N ,‘f Geoinformationswesen Wetter und Klima aus einer Hand
\""/ der Bundeswehr * b
Grid refinement
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= Different options

GEOS-Chem

= Telescoping (stretching)
=» Same topology and problem size
=» Good aspect ratios

=» Bad resolution elsewhere

Bindle et al., 2018
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Grid refinement
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= Different options

=> Irregular (arbitrary)
=» High meshing flexibility
= Good aspect ratios
=> Difficulties with multigrid
= Complex topology

Ullrich et al., 2018
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Grid refinement v XX

XX A
VAVAVAVAVAVAVAS N
OOOHKAKNINAID

A NWAVAVAVAVAY, \VAVAVAVAVAVAV/
AVAVAVAVAVavAY AN AN A A e A 2 QXA
- VAVAVAVAVAVAS

SO
ZAVAVAVA' \WAVA X
#AVAVAV#V#X#XAV v v "A"A‘V)VAva‘
e ATATAVAVAYAY.
VAVAVAVAMVA“‘ 'A"AVé
S VAN VAV
OKKT \ [
"‘{fY(AVA( A5

7 VAVAVAV

.

= Different options

=> Irregular (arbitrary)

=» High meshing flexibility
=» Good aspect ratios
=> Difficulties with multigrid
= Complex topology

NN/
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Logemann
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Grid refinement

= Different options FV3 4 R,
= Stepwise refinement Tl | ‘
= Easy multigrid VLT R BeEelii
x'._ T BITH 133 ] sisli : _?|
=» Good topology o

=» Fine aspect ratios

= Fine meshing flexibility

Gao et al., 2018
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= Different options

= Stepwise refinement
= Easy multigrid
= Good topology
=» Fine aspect ratios

= Fine meshing flexibility
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=» Horizontal velocity: a& + aﬁ +({ + v + w = —Cpqby Z—Z + F(v,,)
: . ow ow
=>» Vertical velocity: 5. T Vh Vw + w—— = cpde,, 5, 9
= Mass: %+V-(vp)=0
. ava
= Energy: +V-(vpb,) =
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Sea surface height

= The differential equation for sea surface height:
Ui

a1

— +div vdz=0

9t + h/
B

= Once expanded:

Kpot

g — AZgBydivi Mgl (" + B). V"] =nfk — ALY div[MglAze. (yvit +y Vi)

k=1
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Linardakis, MPI-M
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bk

X1
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Yn
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Interpolation operators

(a)

Zangl et al., 2022

outer child edges

% i:'mer child edges ‘,"

Figure 2. Horizontal reconstruction stencil for edge-normal vector components at (a) inner child edges and (b) outer child edges. The
child edge under consideration is highlighted in red. Black open dots indicate child edge midpoints, while black solid dots indicate cell
circumcenters. Solid red dots represent the reconstruction stencil, i.e.. the location of the parent edge-normal vector components entering the
reconstruction, and blue triangles in (b) indicate the location of the reconstructed 2D vectors. See the text for details.
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refin_c_ctrl

refin_c_ctrl

-12

latitude [*]

38

40 38 36 34 32 30 28 26 24 22 20 18 46 14
longitude [7]

LAM_ocean.nc
min=0.000000, max=12.000000, mean=1.760734, stdv=3.370096
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refin_c_ctrl

50000
40000
30000
20000
10000

latitude [°]
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3
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w
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longitude [°]

test.nc
min=1.000000, max=54266.000000, mean=27133.500000, stdv=15665.389191
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