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Applications of SMC grid wave models in coupled systems
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Three parts in this presentation

1. Spherical Multiple-Cell (SMC) grid --- a brief introduction.
2. Applications in global and regional wave forecasting.
3. Toolkits for generating and testing SMC grids.
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Unstructured SMC grid with rectangular
cells and pointer-oriented loops

ACells are defined by location and size indexes,
convenient for mapping to lat-lon grid.

ATransport fluxes are calculated with face-array
or pointer-oriented 1-D loops.

ASub-timesteps are automatically used for
refined cells in sub-loops for efficiency.

AEfficient hybrid (MPI+OpenMP) parallelization.

ALi, J.G. 2012: J. Comput. Phys. 231, 8262-8277.
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Upstream Non-Oscillatory
advection schemes

AChoice of 2 and 3™ order UNO
advection schemes are available on
SMC grid.

ARecommend the 2" order UNO2
scheme for wave models, fast and
accurate enough, saving 30%
computing time than the 3" order
scheme.

Reference: Li, J.G. 2008: Mon. Wea. Rev.,
136, 4709-4729.
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Recent update: Multi-grid
and hybrid parallelization

AHyprid (MPI+OpenMP) parallelization
is enabled for SMC grid in WW3 and
it could halve model runtime.

A SMC sub-grids are now included in
WW 3 multi-grid option for further
parallelization, which create room for
higher resolutions and are more
convenient regional forecast than
single-grid model.
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Li, J.G. 2022: J. Parallel Distrib. Comput., 167C,
187-198. doi: 10.1016/}.jpdc.2022.05.002
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Planned UK Met Office update
SMC 1.28.55-10-20 km grid

Europeanregions is refined to 10 land
shallow waters around UK iiefined to 5
km, in addition to coastakfinement to
MOPHpP 1YOD

The rest of world oceans are resolveith # ,
25510Hn0 1 YO i

NC=1196177
NA=2411
NB=320

00000

Sub125120 muligrid will be createdby
splitting this global grid into 3 suB NA& R & ¢
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Sub125120 SWH
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UK Met Office
global wave
forecast model

Implemented inWW3
wave modelin 2012 ¢
and use for global
wave forecasting in
UK Met Office since
2016.

Faster and better
than regular lat-lon

g”d model. 3 - ‘ s”.fff::;f,ﬁd ¢ - .
Li, J. G., A. Saulter win ' Ry
2014:.Ocean -

Dynamics, 64,1657-
1670.
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UK Met Office regional
wave forecast model

Rotated SMC grid at 1.5-3 km
resolutions, matching with ocean
model grid for coupled system.

Boundary conditions generated
with our global wave model.

Hybrid parallelization mode runtime
less than 2 min per modelday on
90 nodes (3240 cores,Cray XC40).

Larger than our global 3-6-12-25

km wave modelwith 592,970 cells
(675,403 for AMM153 model).

AMM153km Grid
NC=675403
NM=2098
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UK Met Office Atlantic Shorti Range
Wave Ensemble Prediction System

SMC grid at 3-6-12-25 km
resolutions, covering essential
ocean waters related to the British
Isles.

Boundary conditions generated
with our global wave model.

Perturbated with MOGREPS- A EETEE G
Global atmospheric wind forcing.

NC= 110006




Glaobal 50 km SMC grid for
pled climate model
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Global / regional
model runtimes

SMC36125model best
runtime is 83 s (90 nodes)

AMM153 modelruntime is
116 s on 90 nodes.

Multi-grid hybrid option with
3 sub-grids for global
Sub36125 model could save
30% runtime, about 58 s on
90 nodes and 54 s on 180
nodes (6480 cores)

Future multi-grid Sub125120
modelbesttime ~ 100 s on
240 nodes (8640 cores).
Single grid besttime ~ 205s
on 270 nodes (9720 cores).

Elapsed run time min

SMC125120 wave model 1-day runs with 540 ranks,
Sub125120 multi-grid runs with 2 or 3 sub-grids,

SMC36125 and 5ub36125 multi-grid for comparison
Freq 30x36 Dirs, Total cells ~1200,000 v 600,000

—4— SMC125120-5L
Sub125120-M2
—8— AMM153km

AMM153km regional model with 360 ranks + OpenMP, —*— Subl25120-M3

. —— SMC36125_4L |
—8— Sub36125_M3

'y

H threads per rank

.
18 threads per rank

—

-
6 9 threads per rank
30 60 90 120 150 180 210 240 270 300 330 360

Total number of nodes
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Environ. Canada Arctic models and
Ocean Univ. China climatic studies.

A Courtesy of Dr Mercé Casas-Prat
Environment Canada and Dr LI, Jinkal,
Ocean University of China

A Casas-Prat et al 2018: Ocean Modelling,
123, 66-85.

ALi, J., Y. Ma, Q. Liu, W. Zhang, C. Guan,
2019: Cold Regions Sci. Techn. 164,
102790.
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AustraliaBoM wave forecasting model

A Courtesy of Dr Stefan Zieger, Bureau of Meteorology, Australia
N\ 4 ;(’ﬁ‘—‘.\;;:. “\4"‘“ "'*r.,é%" ‘16;D°E T70°E ~

Base resolution of 1/8°, m‘:s

Increase to 1/16° around
islands or in shallow waters
(< 350 m)

20°S

30°S

Zieger, S., D.J.M.
Greenslade, 2021 405
AUSWAVE-G3. Bureau
Res. Report 51. 74pp. 110°E 120°E 130°E 140°E 150°E
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ST China NMEFC wave forecasting model
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from 50 km down
to about 1.5 km.

AATA 200%06A108200
. h

Hou F., Gao Z., Li J.,
Yu F. 2022: Acta
Oceano. Sinica,
41(5), 41-50.
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MetOcean Solutions (NZ) wave forecasting model

A Courtesy of Dr Emilio Echevarria, MetOcean Solutions, New Zealand 40-20-10 km
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Meteorological Service
Singapore coupled
climatic model

A Courtesy of Dr Rajesh Kumar
CCRS, Meteorological
Service Singapore (MSS)
National Environment Agency
Singapore (NEAS)

ASMC 1.5-3 km wave model
coupled with NEMO and the
Unified atmospheric model.



