
PRESENTATION TITLE

Name

ECMWF – DESTINATION EARTH

DESTINATION EARTH

Containerization and deployment 

of weather models on 

EuroHPC JU infrastructures 

Massimo Gisonni, Giuseppa Muscianisi (CINECA),

Francesco Cola (CINECA/JSC), Thomas Geenen (ECMWF)

21st ECMWF workshop on high performance computing in meteorology, Bologna (Italy), 15-19 September 2025



GOAL OF THE PROJECT 
PoC: design of a workflow to containerize weather models & run them at performance in the clusters of the EuroHPC JU

➢ A single immutable container image (.sif) holding the application's binary, the required libraries, interfacing at runtime to MPI



• Target clusters:

▪ GALILEO100  (CINECA)

▪ LEONARDO  (CINECA)

▪ MeluXina (LuxProvide)

▪ LUMI    (CSC)

GOAL OF THE PROJECT 

• Target applications:

▪ ecWAM (Ocean Wave model)

▪ ecTrans (Spectral transforms)

▪ RAPS20 (GPU support)

▪ RAPS21 (CPU only)

PoC: design of a workflow to containerize weather models & run them at performance in the clusters of the EuroHPC JU

➢ A single immutable container image (.sif) holding the application's binary, the required libraries, interfacing at runtime to MPI



THE ASSETS OF CONTAINERS 
Portability:

• No need to rebuild the same software for each system

• Different containers for different architectures (x86 vs CRAY)

Reproducibility:

• The same container can be built in different sites from the same recipe

• Software stack inside the container is fixed

Legacy:

• Testing old/new software stack against old/new host software stack

• Quick deployment in case of issues in the host

Distribution:

• Containers are lightweight, easily transferable 

• Integration on CI/CD pipeline allows for controlled deployment
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THE TOOLS OF THE PROJECT:   SINGULARITY 

%files
 /model.tar.gz /tmp
 /spack.yaml /spack_env/spack.yaml

%post  
 apt-get update && apt-get -y install python3 git wget

   tar –xzf model.tar.gz
    ./install_model.sh  --builddir=/build

 

%environment # allows to define environment variables
 export VARIABLE=MEATBALLVALUE

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

Bootstrap: docker
From: nvcr.io/nvidia/nvhpc:23.1-runtime-cuda_multi-ubuntu22.04
Stage: deploy

%files from build
    /build/bin/model /deploy/model

Bootstrap: docker
From: nvcr.io/nvidia/nvhpc:23.1-devel-cuda_multi-ubuntu22.04
Stage: build

HEADER

SECTIONS

MULTISTAGE



THE TOOLS OF THE PROJECT:   SPACK 

config:
 source_cache: $env/source_cache
 install_tree: $env/install

 build_stage:
 - $env/build/stage
 - $env/spack-stage

compilers:
 - compiler:

 spec: gcc@=11.3.0
 paths:
 cc:   /bin/gcc
 cxx:  /bin/g++
 f77:  /bin/gfortran
 fc:   /bin/gfortran

 flags: {}
 operating_system: ubuntu22.04
 target: x86_64

 specs:
- hdf5@1.12.2  %nvhpc      -cxx +fortran +mpi
 - zlib-ng  %gcc
 - netcdf-c@4.9.0  %nvhpc      +mpi +optimize
 - netcdf-fortran@4.6.0  %nvhpc      build_system=autotools
 - cmake@3.24

 - package@version        %compiler   +options

packages:
 cuda:
 externals:
 - spec: cuda@12.0.76
 prefix: /opt/cuda

 openmpi:
 externals:
 - spec: openmpi@4.1.5 %gcc@=11.3.0
  prefix: /opt/ompi

Packages to be installed

Host compilers and pre-installed packages



THE REQUIREMENTS 

• Run at performance wrt host

➢ Usage of bare metal capabilities 
(parallelism, infiniband)

• Integration in a HPC environment

➢ Integration with resource 
manager & host software stack

• Ensure usage of accelerators

➢ Correctly offloading to 
NVIDIA/AMD GPUs





• Build on dedicated VMs/clusters allowing

• Singularity to Docker and viceversa

• Leveraging base container images:

➢ NVIDIA images holds NVHPC suite 
(compiler, OpenMPI, CUDA)

➢ HPE images holds CPE suite + help 
from CSC for ROCm integration  

• Reproducing host software stack: 

➢ as faithfully as possible via Spack

• Multistage Singularity builds:

➢ lightweight final container images

• Singularity hybrid model approach:

➢ Weak compatibility requirements



Performance Assessment: ecWAM on GALILEO100
➢ Running on the O640 grid, CPU only, 48 threads per MPI task



Performance Assessment: ecWAM on LEONARDO
➢ Running on the O1280 grid, GPU enabled, 4 MPI tasks per node, 8 threads per MPI task, 4 GPUs per node



Performance Assessment: ecWAM on MeluXina
➢ Running on the 0640 & O1280 grid, GPU enabled, 4 MPI tasks per node, 8 threads per MPI task, 4 GPUs per node

➢ The very same container image deployed on LEONARDO was used



Performance Assessment: RAPS20  on LEONARDO
➢ Running RAPS20 on tco2559l137, ecWAM on GPU, full nodes of LEONARDO booster partition



Performance Assessment: RAPS21  on LUMI
➢ Running RAPS21 on full nodes of LUMI-C, tco1279l137 and tco2559l137 resolution



Performance Assessment: ecTrans  on LUMI
➢ Running ecTrans (redgreengpu branch) on full nodes of LUMI-G, tco1279l137 and tco2559l137 resolutions



Sanity Check: IFS_TEST_BITIDENTICAL=check

Checked that the containerized RAPS21 image not only runs 
at performance, but runs meaningfully

▪ Ran the ctests of the ifs-test suite with a host-based 
installation

▪ Compared bitwise against a containerized version, 
with simple changes on the ifs-run script

▪ Passed successfully

▪ Failed using different compilers on host and 
container (as expected)

▪ Tested on LUMI, ECMWF ATOS, LEONARDO
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• CI/CD integration: container build and test workflows integrated on the CI/CD pipeline

• CW ---> Continuous Work!

o Containerize a new application takes time. 

o Containerize the same application for different versions/clusters does not take that much time
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NEXT ON THE LIST
• CI/CD integration: container build and test workflows integrated on the CI/CD pipeline

Ideally: one container to rule them all

▪ Use the same container across all EuroHPC supercomputers

This project: two sets of containers to rule some of them

▪ The same container is used across similar architectures

Practical?: a set of container for each cluster

▪ Registry holding snapshots of applications and/or clusters software stack

• CW ---> Continuous Work!

o Containerize a new application takes time. 

o Containerize the same application for different versions/clusters does not take that much time
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