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The Barcelona Supercomputing Center
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Barcelona Supercomputing Center

Å Created in 2005; more than 400600employees
Å Research, develop and manage information 

technology
Å Facilitate scientificprogress and its applicationin 

society

Earth Sciences department

Å Environmental modelling and forecasting, with a 
particular focus on weather, climate and air 
quality

Å >100people

Å Funding from H2020, COPERNICUS, private 
contracts, ESA, Spanish and regional governments
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The EC-Earth model
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Atmosphere:

IFS

Ocean - ICE:

NEMO - LIM

Coupler:



EC-Earth structure
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29 partner institutes

8 core partners
KNMI, AEMET, DMI, Met Éireann, 

FMI, IPMA, CNR-DTA, SMHI

Workgroups
Technical

Tuning

Atmospheric Composition and Land

Ocean

Millennium scale studies

CMIP6



Efficiency in Earth Science models
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0.84M points 67.72M points ~2000M points991M points

ÅEspecially critical in Earth science models
ÅSimulations use a huge amount of computational resources
Å I/O !

ÅFuture simulations will need much more resources



EC-Earth 10km coupled demonstrator for ESiWACE H2020 project

ÅIFS(atmosphere)

ïT1279L91: ~16km grid point distance,  2.1M grid points

ÅNEMO-LIM (ocean ςsea-ice)

ïORCA12L75: ~9km grid point distance, 13.2Mgrid points

ÅTotal 3D space: 1,024kM vertices

EC-Earth coupled 15km
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ÅDevelop initial data

ÅIncluding OASISinterpolation weight files

ÅCreatenamelistsfor IFS, NEMO-LIM (XIOS) and OASIS

ÅAdaptsource codeand existing runscripts

Å Introduce required changes in the experiment workflow

ÅScalabilitytests / load balancestudies /profiling

Development of EC-Earth T1279-ORCA12
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EC-Earth T1279-ORCA12 in MareNostrum3
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First global, coupled ~10km simulations (T1279 - ORCA12):

ÅEC-Earth 3.2(IFS36r4 + NEMO 3.6 + OASIS3-MCT)

Å2,035 MPI tasks - 60 SDPD
Å1,170 NEMO
Å848 IFS
Å16 XIOS
Å1 runoff mapper

ÅMareNostrum3 @ BSC



First simulations from EC-Earth T1279-ORCA12
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First global, coupled ~16km simulations (T1279 ςORCA12):

Left, Global Sea Surface Temperature of the ocean component NEMO. Right, 
Global Speed Wind at 10m of atmosphere component IFS.

Left, regional crop Sea Surface Temperature of the ocean component NEMO. 
Right, regional crop Temperature at 2m of the atmosphere component IFS.



MareNostrumevolution
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MareNostrumIII MareNostrumIV

Processor Intel XeonE5-2670 2.6 GHz Intel XeonPlatinum8160 2.1 GHz

#Coresper socket / #Sockets 8 / 2 24 / 2

Memory 32Gb DDR3-1600 96Gb DDR4-2667

Interconnection InfinibandFDR1010Gb Intel Omni-Path100Gb

MareNostrumIV ς11.15 petaFLOPSMareNostrumIII ς1.1 petaFLOPS

MareNostrumIVin operation since July 2017



ÅI/O management

ïUse of MareNostrum4 data-transfer nodes

ÅOptimal libraries and dependencies

ÅCome up with a stable environment

ïOmniPath: numerous testsand collaborationwith operationsto 

find optimal configuration (tmi, PSM2)

ïXIOS update:decrease number of communications

ïControlling process pinning:better memorymanagement

Deployment for production in MareNostrum4: Tackled issues
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EC-Earth T1279-ORCA12in MareNostrum4
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Load 
balance 
study

Load 
balance 
study Χ



EC-Earth T1279-ORCA12in MareNostrum4
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Operational global, coupled ~10 km simulations (T1279 - ORCA12):

ÅEC-Earth 3.2(IFS36r4 + NEMO 3.6 + OASIS3-MCT)

Å5,040 MPI tasks - 0.44 SYPD, 160 SDPD
Å3,209 NEMO
Å1,584 IFS 
Å69 XIOS 
Å1 runoff mapper

ÅMareNostrum4 @ BSC

100yearexp
~40M ch !!!



An operational EC-Earth workflow in BSC-ES
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Model setup

ƴ Configure experiment

ƴ Set up platform-specificfiles

ƴ Prepare run scripts

Deploymenton
remote HPC

Initial data pre-
processing

Simulation
Output post-
processing

Verification & 
diagnostics

ƴ Post-process/ normalize

output data

ƴ Archive restarts/ output files

ƴ Transfer results

ƴ Calculatediagnostics

ƴ Generatevisualization

plots

ƴ Findbestdomaindistribution

ƴ Run simulation

ƴ Assimilation/ adaptive

ensembles

ƴ Tar& sendmodelfiles / 

Synchronizeupdatedfiles

ƴ Compile the model

ƴ Chooseand deployinitial data

ƴ Pre-processinitial conditions/ 

restarts



Adapting workflow for production: data transfer nodes

Running production runs in Autosubmit
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localhost

dt01.bsc.es

dt01.bsc.es

dt01.bsc.es



Productionruns:Managing the workflow

Running production runs in Autosubmit
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