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A handful of common experiments

AMIP simulation (~1979-2014)
Pre-industrial control simulation
1%/year CO, increase

Abrupt 4xCO, run

Historical simulation using
CMIP6 forcings (1850-2014)
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The World Climate Research Programme’s
Coupled Model Intercomparison Project
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Coupled Model Intercomparison Project Phase 6 (CMIP6) écaescmo
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Eyring et al., Geosci. Model
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Major Goal CMIP6: Enhanced Routine Model Evaluation écmcmoo

To ensure rapid and comprehensive evaluation of the models with observations, DLR is developing the
Earth System Model Evaluation Tool (ESMValTool) in cooperation with > 60 international institutions.
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« Rapid development since the first release
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Community tools for
Routine ESM Evaluation

Daty archive

* Now a well-tested tool providing end-to-
end provenance to ensure reproducibility

« Used in several IPCC WGI AR6 chapters

. . Well-established analysis
Analy5|s computing Sharing of diagnostic codes
environment Guidance and support from CMIP Panel

. . Visualization & documentation
mtegrated with the of evaluation results

E Scientific interpretation
SGF Additional in-depth analysis

Righi et al. GMD, 2020, Eyring et al., GMD, 2020,
Lauer et al., GMD., 2020, Weigel et al., GMD, in rev.
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Eyring et al., ESD, 2016
http://www.esmvaltool.org/
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Earth System Models are Improving: Mean Climate GCRESCENDO
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Earth System Models are Improving: Mean Climate —
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Seasonal Cycle [ppmv]

Earth System Models are Improvi

CMIP5 CMIP6
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ng: Carbon Cycle
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Timeseries for column-
averaged CO,

Gier et al., Biogeosciences, 2020,

Seasonal Cycle [ppmv]

Gier et al., in prep., 2021
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« CMIP6 similar spread than in CMIP5 oo o
. ) ) gpp-global
« BUT: smaller bias in multi-model mean, better il
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growth rate reproduction, more closely resembles sm-globl

seasonal cycle amplitude

* Improvements in all carbon cycle variables
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Systematic Biases: Near-surface Temperature GCRESCENDO
Annual climatological multi-model mean (MMM)

CMIP6 MMM
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Distribution overall well
reproduced, but systematic biases
remain in CMIP6

In high elevation regions
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Over ocean upwelling regions

CMIP5 MMM Bias CMIP3 MMM Bia
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Many reasons: errors in simulated cloud
properties, errors in oceanic circulation, etc.

ESMValTool
_mj Earth System Model eValuation Tool
-6-5-4-3-2-10(1)23456 -6 A
Y9 (1985-2004) "9 (1980-1999) Bock et al., JGR: Atmospheres , 2020
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Systematic Biases: Near-surface Temperature §PESMValTool

Annual climatological multi-model mean (MMM)

CMIP6 MMM CMIP6MMMBIaS

Related to horizontal resolution?

* Most biases decrease for HighResMIP model
simulations (ocean upwelling regions, high
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Reference data set: ERA5
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Global Annual Mean Surface Temperature Trends écmcmo
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Effective Climate Sensitivity (ECS) écaascmo
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Summary

* More than 40 climate modelling centers worldwide participate in CMIP6

« ESMValTool enables a comprehensive, rapid, and reproducible performance assessment

Righi et al., Geosci. Model Dev., 2020, Eyring et al., Geosci. Model Dev., 2020,
Lauer et al., Geosci. Model Dev., 2020; Weigel et al., Geosci. Model Dev., in review.

» Quantifying progress of climate models across different CMIP phases:

= Significant improvements from CMIP3 to CMIP6 in model performance
= High resolution models reduce long-standing biases in ESMs
= Increased ECS in more complex ESMs (related to cloud feedbacks)

Bock et al., JGR: Atmospheres, 2020
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