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~ Earth System Model Evaluation Tool (ESMValTool) is an open-source community-developed diagnostics and
| = performance metrics tool for the evaluation and analysis of Earth System Models (ESMs). ESMValTool allows for
g 4 a comparison of single or multiple models against predecessor versions and observations. The aim of
il T ESMValTool is to take model evaluation to the next level by facilitating analysis of many different ESM
ESMV f)gc AR components, providing well-documented source code and scientific background of implemented diagnostics.
--f“_‘"" :,w"u e Traceability and reproducibility of the results are ensured by providing detailed provenance records for all
B "# A ,fﬁ: ,-:‘:;'"; ¢ . o« e . oy . . .
A community diagfiiue *@j:fprr‘r‘}g;ce,m‘et_rlgs’ﬁé’gl e output. Whllg originally designed to Facuta@e a more comprehensive and rapid evaluation of models
evaluatioffGBNAlYsIS of Earth system modsls” .. © . participating in the Coupled Mod.el Intercomparison Project (CMIP), the tool can.also be used to analyze output
_ — =% from regional models, a large variety of gridded observational data and reanalysis datasets. The development of
e ESMValTool is supported by several national and international projects. ESMValTool has been used in several
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(“0 ( - C%— % 74 e chapters of the Working Group | contribution to the Intergovernmental Panel on Climate Change’s Sixth Assessm

L
o

ent Report (IPCC AR6). ESMValTool has been selected by the CMIP7 Model Benchmarking Task Team as one of
the Ffeatured model benchmarking and evaluation tools. In 2024, the ESMValTool team received the first annual
Helmholtz incubator software award for sustainability.

Findable Accessible Interoperable Reusable

Aspect of Accessibility Why ESMValTool is Accessible

and institutions worldwide to use it without licensing costs.

0 Open Source ESMValTool is freely available to anyone, allowing researchers, students,
N\

It uses YAML recipe files, which are easier to read and edit
than complex programming scripts.

User-Friendly Configuration

Detailed guides, tutorials, and examples help new users learn

E Comprehensive Documentation how to install and run the tool efficiently.

A large international user and developer community contributes

a@e Community Support updates, answers questions, and shares solutions.

It can run on Linux, macOS, and other computing environments,
making it widely usable.

Cross-Platform Compatibility

O R ducibilit Standardized workflows allow users to repeat analyses easily,
github.com/ESMValGroup/ESMValTool ESMValTool Documentation K2 AERMAESESAEY improving scientific transparency and collaboration.
*. Modular Desigh Users can choose existing diagnostics or add their own custom
8 analyses depending on their skill level and needs.
Intero pera bi lity In pUt Data Standards CF/CM OR netCDF4 (CM' P5/6/7, Integration with Climate Supports common climate model data formats such as CMIP datasets,
Data Standards reducing barriers to data use.

obs4MIPs, OBS/OBS6, ana4MIPs, GRIB, CORDEX etc); allows for data
CMORIization Output Data Standards CMOR netCDF4 and W3C-PROV
Programming Language Standards compute core in Python+DASK,
diagnostics in Python, R, NCL, Julia Infrastructure Standards recipes and
configuration in YAML, modern packaging, standard Sphinx
documentation Code quality standards Ruff+pre-commit, integrated in
Cl testing Testing Standards 95% test coverage, multiple testing
platforms, multiple OSs and Python versions; testing with bleeding
edge dependencies Versioning Standards semantic versioning, regular
releases Deployment Standards packaged and deployed on multiple
Python package indices; containers via DockerHub; deployed on HPCs
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Many preprocessing and evaluation tasks are automated, helping
users save time and reduce technical complexity.

0 Automation Features

Suitable for beginners doing simple diagnostics as well as advanced

||I Scalable for Different Users : .
n researchers running large-scale evaluations.
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Graphic files All these well documented
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Provenance & Log files and traceable!

DIAGNOSTICS

Python scripts
MNCL scripts

R/lulia scripts
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Global mean surface air temperature

SKAL
2 v’ X

-~
o

" Pinatubo
1850-1900 Mean Temperature (

15 -

~ El Chichon

—
y
o

~ Krakatoa

e
1

i

' 1

—

.

o

| | | o A VK
! ' i i A '
05 = ! . S 4: ) ..F' ——————
y H Sa . . .‘:(EI‘” .
N | b ’ l,‘\"

—
£
o

Change in Temperature (° C)
=
S

=
_:‘_,a“
=
<

1. 5 =l R NOAAGIobalTemp-Interim

- Kadow

1.0 -

0.5 -

Change in Temperature (° C)

0.0 -

0.5 A

..............
..............

Q Q Q Q - 20X / 4 ¢ - . . ™ \I' S mm lsssersssrsesas =
&P ,\é\ > qp"‘ Colour| Robust bias [ Conflicting signals [0 No robust bias [ No robust model improvement

............

NN NN “MN D NS

IPCC ARG Figure 3.4 Observed and simulated time series of the anomalies in annual and global mean
surface air temperature
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IPCC ARG Figure 3.3 Annual mean near-surface (2 m) air temperature (°C) for the period 1995-2014.
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https://www.wcrp-climate.org/wgcm-cmip
https://www.esmvaltool.org/acknowledgements
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https://wcrp-cmip.org/cmip7-task-teams/model-benchmarking/
https://www.hifis.net/announcement/2024/07/18/sw-award-final/
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