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HPC for Earth Sciences Team at BSC

2

• Knowledge about:

• Mathematical and computational aspects of Earth system models (ESMs)

• HPC adaptation and development

• Support on computational performance analysis and optimization

• Research on different HPC topics, including GPUs, reproducibility, RISC-V co-design, etc.



EC-Earth 4

● EC-Earth 4 is a next-generation European Earth-system model that integrates atmosphere, ocean, 
land, and biogeochemical components to produce more realistic and flexible climate simulations.

● The purpose is to simulate the key physical, chemical, and biological processes of the Earth 
system in order to better understand climate variability and improve predictions of future climate 
change.
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The workflow manager

D. Manubens-Gil, J. Vegas-Regidor, C. Prodhomme, O. Mula-Valls and F. J. Doblas-Reyes, (2016). “Seamless management of ensemble climate prediction experiments on 
HPC platforms”, 2016 International Conference on High Performance Computing & Simulation (HPCS), Innsbruck, pp. 895-900. 
https://doi.org/10.1109/HPCSim.2016.7568429

W. Uruchi, M. Castrillo and D. Beltrán, (2021). “Autosubmit GUI: A Javascript-based Graphical User Interface to Monitor Experiments Workflow Execution”, Journal of Open 
Source Software, 6(59), 3049. https://doi.org/10.21105/joss.03049

Autosubmit is a lightweight workflow manager designed to meet climate research necessities. Unlike other workflow 
solutions in the domain, it integrates the capabilities of an experiment manager, workflow orchestrator and monitor in a 

self-contained application.
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https://doi.org/10.1109/HPCSim.2016.7568429
https://doi.org/10.21105/joss.03049


CPMIP: The impact of EC-Earth

Years Simulated: 38 854

Core-hours: 46,36 * 10⁶  

Energy: 1,24 * 10¹² J

Carbon Footprint*: 165 tons of CO₂

*Carbon Footprint (gCO₂) = Energy (kWh) × Conversion Factor 
(gCO₂/kWh) × Power Usage Effectiveness (PUE) 5



Identifying efficiency, energy costs of ESMs.

Provide standardized metrics to assess the computational performance of climate models (ESMs).

Make climate science more efficient, sustainable, and 
globally comparable.

CPMIP: What is it?
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Drawbacks

Lack of resources and time to 
collect metrics after CMIP 

experiments.  

Errors and differences in the 
collection of the 

performance metrics. 

Non-tech people have to 
learn the definition of the 

metrics.

CPMIP: Why automate?
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CPMIP: How to Automate?

Temporal chunk job running the simulation.

Monitors simulation performance.

Computes CMIPs metrics.

Performs cross-chunk analysis.
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Load-balance for Coupled ESMs
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Load-balance is one key limiting factors of coupled ESMs performance.
Average CMIP6 12.8% (Acosta et. al. 2024)

Coupling Synchronization Load imbalance Parallel inefficiency

https://doi.org/10.5194/gmd-17-3081-2024


Load-balance for Coupled ESMs
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- A tool to automatically minimize the performance loss on 

the coupling for ESMs by:

- Minimizing synchronization cost

- Finding a good resource configuration for the 

components based on specified Energy-to-Solution / 

Time-to-Solution criteria

- Easy to adopt by the climate community → integrated into 

climate workflows, directly compatible with OASIS Coupler

- Tested portability to HPC platforms (HPC2020, MeluXina, 

MareNostrum 4, MareNostrum 5)

Auto Load-Balance Workflow

Imbalanced 
experiment

1

Automatic 
iterative 
process

2

Improved 
performance
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Profiling and optimization: TBB Huge Pages on MN5
Average performance improvement using Huge Pages: +7,09%

OIFS TL255 scalability in MN5 using HP export vs not using it
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Profiling and optimization: OpenMP affinity on HPC2020
Degradation of performance on some OMP binding settings.

OpenMP Threads binding is already the default in EC-Earth4 and provides best in performance together 
with the Cores binding.

OIFS TL255 scalability in HPC2020 using different OMP binding settings
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Profiling and optimization: Tracing
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Preliminary profiling of EC-Earth 4 on MN5 running TL255L91 and eORCA1.



APP: Why?

Each time there is a change to a model, we have to run the same tests to check 
its performance. 

The Automatic Performance Profiling (APP) aims to automate this repetitive 
tests, allowing developers to know what is the performance and if there is any 
issue know where to look.

It is meant for any user since it reports basic performance metrics (like SYPD) 
and also advanced metrics (like PAPI, MPI…) for performance experts.
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APP: Overview

APP is implemented using Autosubmit 4 as a workflow manager to be 
user-friendly since it has features like GUI support.

It supports multiple models:
- EC-Earth 4
- NEMO 4.2.1
- HPCW 3.0: NEMO 5 benchmark
- MONARCH (in development)

Portable across HPC platforms, currently:
- MN5
- HPC2020
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Check example reports here

https://automatic-performance-profiling.readthedocs.io/en/latest/examples.html


APP: Performance test types

The APP’s workflow is divided in 5 different tests, that provide different insights 
on the model’s performance.

These tests are:

- Hardware Benchmarks

- Compilation Efficiency

- Weak Scaling

- Strong Scaling

- Tracing
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Climate Model Replicability
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•



Metrics Tests Reports

● RK08 score 

● Bias score

● RMSE score

● combined score

● T-test (Welsh’s t-test)

● U-test (Mann–Whitney test)

● Bootstrap test

● Kolmogorov-Smirnov test

● Time series plots (ensemble mean and spread 
for both ensembles)

● Spatial differences plots
● Matrix plot (see next slide)

Climate Model Replicability
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Improved methodology, based on Massonnet et al., 2022 (https://doi.org/10.5194/gmd-13-1165-2020)



 

  

Climate Model Replicability: Matrix Plot
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Thank you

xavier.yepes@bsc.es
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