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Why simulating the earth system at kilometescale?

wMore physics: resolve the dominant mode of energy transport in the tropics (vertical),
eddies In the ocean, ideads using laws of physics, realistic loweundary conditions
In topography and langover

wimproved large scale circulation, process levesea interactions, (better)
representation of extremes, information at scales relevant for impagiempleslife (eg.
catchment scales) and on scales we observe the Eatthking to observations
wScale interactions from local to global scale.. and back

wlLess equations, less lines of code, less bugs, less assumptions and essentially simpler
models, making them easier to understand

W 2y QU dzy RSNBAUGAYIFUSY LYALANFGAZ2Y I 0O2YYdzy A



What are kilometerscale earth system models useful for?

wStudies of convergence start to make sense

wDo we get consistent responses to perturbatieas least in sign and on climate
regime scale?

wEnsembles: do we really sample uncertainty right with a large sample of
structurally similar models? Do we get eaftsample trajectories?

wAre current models overfitted and react too stable to perturbations?

wFundamental questions: WiIll the rain forests collapse, will we see major circulation
shifts, Is the ITCZ structure stable, how will the monsoon margins change.. all hard
to answer with current models, but very important questions.

wSimulating weather of past, present and future climates.

wkFascination of our planet. We can visualise phenomena, which we experience
from our lives.



Everything needs attention



Diverse ecosystem of machines

Systems ICON is currently running and tested on:
Alevante @DKRZ: AMD x86 CPU and Nvidia A100 GPU
APizDaint@CSCS: Intel x86 CPU and Nvidia P100 GP
Auwels@JSC: AMD x86 CPU and Nvidia A100 GPU
,ﬁnec@ DWD: NEC Aurora vector engine

Aumi@CSC: AMD x86 CPU and AMD MI250X GPU
Ahoreka@KlT: Intel x86 CPU and Nvidia A100 GPU

7 . Balfrin | 7 Breeze | 7 - Daint | 7 DWD | 7 Horeka | 7 Levante | 7 Lumi | 7 MPIMAC



Compute power increased by a factor 1 Mio, we want to use It

Computational frontier

ensemble members at 1 SYPD

physics
horizontal grid spacing

Intensity increases asw , throughput ass-w

New technologies are more energy efficienrtl(& for ICON)

See also Hoefler et al. 2023



ICON Aquaplanet 5 km Performance
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Atmosphere (including land)
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GPUs to rule them all?

/APorting large codes Is ndnvial

AGetting GPU enabled code run performant is ‘tiownal

AGPU is not GPU

AGPU porting only makes sense for very compatensive codes/simulations

AAII—or-nothing: data transfer between CPUs and GPUs can counteract all performance gains
ALooser coupled components can still benefit



Heterogeneous configurations

/APorting large codes Is ndnvial

AGetting GPU enabled code run performant is ‘tiownal

AGPU is not GPU

AGPU porting only makes sense for very compatensive codes/simulations

AAII—or-nothing: data transfer between CPUs and GPUs can counteract all performance gains
A_oosely coupled components can still benefit through different compute architectures
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Heterogeneous configurationsexample

lockeda@uan®3:~> squeue ——job 6232305
JOBID PARTITION NAME USER NODELIST(REASON)
6232305+0 ju-strate aQuq_202 1lrb_ 4650 :23: nid[005124-005251]

6232305+1 ju-strate aQug_202 1lrb 4650 :23: n1d[005252-005279]
6232305+2 ju-strate aQug 202 1lrb 4650 :23: Nn1d[006238-006239]

DestinE scenario run on Lurd (30 years at 5km)

A128 nodes: atmosphere and land running on GPUs

A28 nodes: ocean running on the CPUs of the GPU nodes

A2 nodes: 110 processes running on CPUs of GPU nodes, coupled via YAC



Heterogeneous configurations

/APorting large codes Is ndnvial

AGetting GPU enabled code run performant is ‘tiownal

AGPU is not GPU

AGPU porting only makes sense for very compatensive codes/simulations

AAII—or-nothing: data transfer between CPUs and GPUs can counteract all performance gains
A_oosely coupled components can still benefit

Ocean Atmosphere

Working In progress

Potential speeedup and increased
energy efficiency, could work across
several components

CPU
Nd9




Earth system complexity
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COMPUTATIONAL
INFRASTRUCTURE

Hohenegger et al. 2023



ICON
COMPUTATIONA
INFRASTRUCTURE

"

N

I\

P




Moving ICON to Lumi

AAbout 1 Mio lines of (mostly) Fortran code

A 1000 Fortran source files (300 with OpenACC directives)

AA Y23 LIKSNB 2yte O2yTFAIdNI GA2Y AY WLINE RO
Aall (almost) computations on GPUsspeed up about 6

Apart Lumi procurement benchmarks

AGood collaboration with vendors (HPE and AMD) and compute centre (CSC)



Earth system complexity
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Interactive aerosols
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Interactive aerosols
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