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CMIP_&® ESMValTool — Aim and motivation
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vgrameme’s

================================

Development and documentation

®

The challenge of analysing and evaluating the CMIP6 ensemble

GitHub repository allows
development with many users

Compared with CMIP5: more models, more experiments, higher
model complexity, higher resolution, increased data volume

. . I tracki t GitHub
> Easier and faster evaluation of complex Earth System @ UML)
Models - _ |
= Online documentation
* Easy analysis of CMIP models (readthedocs)
* Fast overview due to standard diagnostics, figures and : :
. Automatized quality control
variables “
. . . . / 4 o Automatized code checking
* Easy comparison of new model simulations with a® (Codacy)
already existing runs and observations (e.g. obs4MIPs,
ESA CC|) 0 Automatized testing (CircleCl)
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ESMValTool — Aim and motivation

» Improved quality standard for model

evaluation W
* Growing number of included diagnostics CMIP_& T
* Reproduction of special reports or E | o ._;:
scientific papers with standard ,recipes” N PR ;ﬁ;ﬁ [(l;'_;-j 2
* Traceability and reproducibility of results rfj“a"‘yjfi\, RS 5 -
> Easily expandable P \\ At g w
' e e e

e Synergy with other software projects to
expand the ESMValTool (e.g. NCAR CVDP)

» Coupling to Earth System Grid Federation (ESGF)

 Complete and timely analysis of CMIP simulations with observations
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Additional in-depth analysis
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ESMValTool version 2.0

Righi et al., GMD (2020) Eyring et al., GMD (2020)
Release v2.0 August 2020 . . : .
Technical overview Large-scale diagnostics
« Open source community i N o
development on GitHub (> 200 2 R N o
developers, > 60 international — fo——— - “:
institutes) i "8
E 13.0%
« Rapid development since the first & F & P P& & s
release in 2016 with support of
CRESCENDO and other FP7 / Lauer et al., GMD (2020) Weigel et al., GMD (in rev.)
H2020 projects . : : : ,
Diagnostics for emergent constraints Diagnostics for extreme events,
« Online documentation and future projections regional and impact evaluation
* Now a well-tested tool providing g Standarlzed precptaion index
end-to-end provenance to ensure ) Iﬂmﬂml ”
reproducibility ' e R
- Used in several IPCC WGI ARG I iy w‘”‘fﬂ(’wﬂm‘mm“‘“‘”‘
chapters MR [ﬂﬂ T —
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ESMValTool version 2.0
r O
FE IH HUERA C R E SC E N DO European Climate Prediction system UK Research
% Euﬂnéjiféﬁgiﬂerium and Innovation

und Forschung

International ESMValTool Release v2.0 August 2020
development team

e 3.5 years of work
8 coding workshops (/’@\ Climate Change

e 17 funded projects
HPSE\I!TFM)H%Q!\%IHAHPN(}S * 63 inStitUtions
» 203 developers

Service

416 pages documentation
776 solved issues

1276 merged pull requests
1725 files

544,971 lines of code

TRR181 /1
S/ “' / .- j‘
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ESMValTool v2.0 — workflow

> Core functions INPUT DATA E_S,Mjf&lli‘oqi‘

Earth Syat avaluation Toal

completely rewritten Observations
. Models in native formats
(Iris cube) DERIVATION AND FIXES INTER POLATION
> Improved Derivation Model-spedfic [ 1572
ESMValCore algorithm CMOR fixes
performance and S
efficiency using S =
bR | || EB BB ES ES
Python libraries (Iris, INPUT DATA (tecortel J comverson L e R Smrere
Dask) 2 ESMValCore v2.0
=
. E OUTPUT
» Greatly improved - P'ASNOSTICS
. . g NCL scripts NetCDF files
user frlendllness E Rflulia scripts Provenance B Log files
(lnsta”ation, -Data :]Frepmoessor module :]Cusmmalgurlthm -magmstlcscrlpts
Configu ration, [ |Recipe settings B esvvaitool recipe [ configuration file ) esmvalcore
documentation) Righi et al., 2020
Technical overview
% ESMValTool
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Examples of new large scale diagnostics (Eyring et al., 2020)

Single Model Performance Index (SMPI)
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o: CNRM-CM5 n: MPI-ESM-MR |

B: CSIRO-Mk3-6-0 v: MRI-CGCM3

x: GFDL-ESM2G @: multi-model-mean

&: MIROC-ESM k: NorESM1-M

£: MIROC-ESM-CHEM A: NorESM1-ME

$: MIROC5

~: MPI-ESM-LR

Global average 2-m temperature anomalies
(Bock et al., 2020)
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Annual mean 2-m air temperature (Bock et al., 2020)

CMIP6

CMIP6 Multi-Model Mean Bias
Multi-Model Mean
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Examples of new diagnostics for emergent constraints and
analysis of future projections from ESMs (Lauer et al., 2020)

Emergent Constraint for ECS Global 2-m temperature change Trends in September Arctic sea
(Volodin, 2008) ice extent
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Examples of new diagnostics for extreme events, regional model and
impact evaluation and analysis of ESMs (Weigel et al., in review)
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Summary

» ESMValTool: Tool for fast and easy routine evaluation and analysis of Earth system
models including provenance records for all results (traceability and reproducibility)

» ESMValTool coupled to ESGF provides a systematic, rapid and comprehensive
performance assessment that can also enhance quality control

» Publicly available and developed in an international community effort

» v2.0 vs v1.0: clear improvements in core capabilities (pre-processing options), code
quality (automatized code checking), and documentation

» Diagnostics: more large-scale diagnostics, emergent constraints and future projections
diagnostics, extreme events and regional and impact diagnostics available than before

» Supporting production of a subset of figures of the upcoming IPCC WGI AR6
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Outlook

» ESMValTool development is growing
» Development of the ESMValTool continues beyond the end of CRESCENDO

» Current release: v2.2 (February 2021)

1. Github repositories
https://github.com/ESMValGroup/ESMValTool

y Coidvalieol

2. Documentation
https://docs.esmvaltool.org/

3. Tutorial
https://esmvalgroup.github.io/ESMValTool_Tutorial/

4. Webpage
https://www.esmvaltool.org/
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