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Introduction: Earth System Models

Earth System Models (ESMs) are
complex systems that try to repre-
sent the physical, chemical, and bi-
ological processes that drive Earth
climate to be able to run simula-
tions to understand its behavior and
to predict its evolution in the future.
In order to do so, they perform dif-
ferent tasks that conform the work-
flow, with very clear steps required
in order to perform and analyze the
simulations.

EC-Earth
EC-Earth is one of those ESMs, formed by different components that represent different processes
of the Earth, like NEMO for the ocean, or IFS/OIFS for the atmosphere. They are integrated to-
gether via the OASIS coupler to simulate the interactions between all of them representing the
Earth dynamics.

EC-Earth3 is the ESM model from the EC-Earth consortium that contributed to CMIP6, while
EC-Earth4 is in development and it’s expected to contribute to CMIP7.

Motivation
The EC-Earth Consortium is an entity composed of different European national meteorological
services and research institutes. Its main goal is to develop and maintain the EC-Earth model and
the necessary scripts to execute it in a collaborative environment.
The code from the Consortium covers only the compilation and simulation steps, but a full work-
flow as seen in the image below requires some extra steps.

Then, the Auto-EC-Earth workflow was developed at the Earth Sciences department of the
Barcelona Supercomputing Center (BSC-ES) to fill the need of having an automatized workflow,
helping scientists to perform the other required tasks to run EC-Earth. It is based on Autosubmit,
a lightweight workflow manager designed to meet climate research necessities.

Autosubmit Workflow Manager

Autosubmit (AS) is the Python-based workflow manager devel-
oped at the BSC-ES to manage multiple workflows at the depart-
ment level, each one with its own needs and requirements. Un-
like other workflow solutions in the domain, it integrates the ca-
pabilities of an experiment manager, workflow orchestrator and
monitor in a self-contained application.
Its development here allows for an agile co-design approach where Auto-EC-Earth workflow needs
are quickly taken into account for new improvements on the tool. This implies that it has been
growing as different needs arised.

EC-Earth Workflow
Autosubmit allows to split the tasks into smaller ones that can be performed independently. This
may increment the complexity of the workflow management, but the granularity allows easier er-
ror detection and bug solving without adding complexity since Autosubmit generates the tasks
dynamically. In the image below we can see a splice of a 50 year long experiment, visualized with
the Autosubmit-GUI.

Auto-EC-Earth 3
Auto-EC-Earth3 is the Autosubmit workflow
project to execute EC-Earth3 experiments end-to-
end. It has been used for many years since its ini-
tial development, as a growing workflow with new
features to support the needs of the runs.
The Auto-EC-Earth 3 workflow, simplifed and
grouping similar jobs into main categories and the
platforms where the tasks are performed, can be
seen in the side image.
And below is the way of using Auto-EC-Earth 3,
with minimal input required from the user, and
only at the beginning, to modify the config files
where the user can change parameters (like reso-
lution, output/input, simulation length, etc). Then
the automatization takes care of everything until the final output is produced.

Auto-EC-Earth 4
The upgrade from EC-Earth 3 to EC-Earth 4 provides a significant upgrade in most of the model
components of EC-Earth.

In addition, EC-Earth 4 has a new scripting system (Script Engine) which has been seamlessly
integrated with Autosubmit in Auto-EC-Earth 4, allowing experiments to be run with all the man-
agement advantages provided by the Workflow Manager.

In turn, Auto-EC-Earth4 uses Autosubmit 4, which offers more flexibility in experiment config-
uration than the previous version, making it easier to develop, maintain and share.

The Auto-EC-Earth 4 workflow, like the EC-Earth 4 model, is still in its early stages of develop-
ment and will continue to grow, adding new features and enhancements as needed by users with
the CMIP7 contribution in mind.

Setting up an experiment is done by modifying the experiment files, similar to Auto-EC-Earth 3.
The upgrade hasn’t changed this approach, and the workflow has been developed designed with
simplicity in mind, so that users don’t have to modify a lot of things to run.
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Conclusions
ESM and climate workflows are very complex. Due to that, we need automatic tools to easily
manage them in a high productivity environment. We selected Autosubmit, as it is a very powerful
tool that helps us with that automation requirement.
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