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Chart 2

Evaluation of CMIP models with the ESMValTool

In order to ensure a rapid and comprehensive evaluation of the models with observations,
DLR-IPA is developing the Earth System Model Evaluation Tool (ESMValTool) in
cooperation with more than 60 international institutes.

€ JESMValTool

Earth System Model eValuation Tool

INPUT DATA http://WWW.esmvaltOC)l.OrQ/

CMIP models
LOAD DATA VARIABLE CMOR CHECK
(Iris cube) DERIVATION AND FIXES
VERTICAL LAND/SEA/ICE HORIZONTAL
ESMValCore INTERPOLATION MASKING REGRIDDING
MISSVAL TIME/SPACE MULTI-MODEL
MASKING EXTRACTION STATISTICS

Observations
Models in native formats

* Open source community development

» Diagnostics and performance metrics tool
for the evaluation of Earth System models with
observations

config

developer

» Ensures provenance and traceability

; SAVE CUBE UNIT TIME/SPACE
INPUT DATA «  Currently = 150 scientist from > 60 institutions
o ESMValCore v2.0 part of the development team and many users
N : :
2 including IPCC
S DIAGNOSTICS OUTPUT ( 9 )
E Python scripts Graphic files
S NCL scripts NetCDF files
> R/Julia scripts Log files . . . .
7 Righi et al., Geosci. Model Dev., 2020, Eyring et al., GMD, accepted;
- Data C] Preprocessor module DCustum algorithm

B oi=cnostic scripts Lauer et al., GMD., in review, Weigel et al., GMD, in prep.
Dﬂecipe settings -ESMVaITooI recipe -Configuratinnfile -ESMVaICore _ — _

. BC. Y e oo g N




Global annual mean surface temperature anomalies
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Chart 4

Near-surface temperature bias
Annual climatological multi-model mean (MMM)
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Earth System Model eValuation Tool

Systematic biases remain in CMIP6

Over ocean upwelling regions
In high elevation regions
Near ice edge in the North Atlantic

Many reasons: errors in simulated cloud
properties, errors in oceanic circulation, etc.

Bock et al., JGR: Atmospheres, in review




Chart 5

Near-surface temperature bias
Annual climatological multi-model mean (MMM)
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Related to horizontal resolution?

« Most biases decrease for HighResMIP model
simulations (ocean upwelling regions, high
elevations, etc.)

* Direct comparison to CMIP6 ensemble not
possible due to different experiment setups

Bock et al., JGR: Atmospheres, in review
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Precipitation bias
Annual climatological multi-model mean (MMM)
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Precipitation bias
Annual climatological multi-model mean (MMM)
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Chart 8 ESMV alTool
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Effective Climate Sensitivity (ECS) -

= Change in global mean 2m surface air temperature at equilibrium caused by doubling
of atmospheric CO, concentration

Change in net radiative flux Climate feedback parameter

o \ / AN=0 F

AN = F + A AT — AT = ——
equilibrium A

Surface air temperature
anomaly

External radiative forcing

Gregory method (Gregory et al., GRL, 2004)
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The World Climate Research Programme’s
Coupled Model Intercomparison Project

Improvements have been made to models from CMIP5 to CMIP6, including new physical insights in
the atmosphere, ocean, sea-ice, and land surface utilising new observations.

In many cases, improvements in the detailed representation of prognostic cloud and aerosol
processes have been implemented.

Several of the new CMIP6 models have a higher ECS than their CMIP5 counterparts

T Short-wave cloud radiative effect feedback
parameter (Wm-2K-1)
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Climate projections
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Produced in ESMValTool

A ESMValToof Year Figure courtesy Erich Fischer

,l? Earth System Model eValuation Tool

Produced in ESMValTool

Year Figure courtesy Erich Fischer

« Some CMIP6 models exhibit more mid- and late-century warming compared to their CMIP5
counterparts.
« Suggestion: Models which overestimate current warming trend show too strong warming in future

« Constraining future projections?

« CMIP6 model results reinforce the IPCC SR1.5 conclusion that urgent mitigation towards net-zero
emissions is needed to limit future climate change risk
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CMIP6-DICAD TP2 / APG

WP 6.1 Installation und Betrieb des ESMValTools in der ESGF DKRZ Infrastruktur (DKRZ, DLR)
—> Erfolgreich abgeschlossen

WP 6.2 Nutzung des ESMValTools zur Qualitatskontrolle laufender Simulationen (DLR, DKRZ)

- Quicklook System fur EMAC zur Verfigung gestellt und auf github flr Folgearbeiten zur Verfligung gestelit.
(Diese Funktionalitat wird aber im Rahmen von ISENES3 weiterentwickelt (Lead: SMHI)).

WP 6.3 Nutzung des ESMValTools zur Unterstlitzung der CMIP6+-Wissenschaftler (DLR, DKRZ)
—> Die Routine-Auswertung wurde erfolgreich implementiert und das ESMValTool technisch signifikant
verbessert. Es werden noch weitere Recipes in das ESMValTool v2 eingebaut und die zugehdrigen

ESMValTool v2 Manuskripte mit CMIP6-DICAD Acknowledgement entsprechend der Reviews Uberarbeitet
bzw. eingereicht:

Righi et al., Geosci. Model Dev., 2020: ESMValTool v2.0 — Technical overview

Eyring et al., GMD, accepted: ESMValTool v2.0 — Extended set of large-scale diagnostics for quasi-operational
and comprehensive evaluation of Earth system models in CMIP

Lauer et al., GMD., in review: ESMValTool v2.0 — Diagnostics for emergent constraints and future projections from
Earth system models in CMIP

Weigel et al., GMD, in prep.: ESMValTool (v2.0) — Diagnostics for extreme events, regional model and impact
evaluation and analysis of Earth system models in CMIP

—> Abbildungen des IPCC AR6 Chapter 3 werden komplett mit dem ESMValTool erstellt




ESMValTool Related Milestones in CMIP6-DICAD

- Standardisierte Diagnostiken und Modellevaluation (AP6) -

»M1: Entwurf mit ausfihrlicher Spezifikation zum Portal [Monat 6, FUB]

»M4: Lauffahiger und getesteter Prototype fir das Portal [Monat 15, FUB]

; ' m Portals ist installiert [Mon FUB
»M8: Produktionssystem des Portals ist installiert [Monat 36, FUB] Bock et al.. JGR, in review:

Quantifying progress across
different CMIP phases with the
ESMValTool
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