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Coupled Model Intercomparison Project (CMIP)

- Understanding past, present and future climate -

» CMIP is a project of the World Climate Research Programme (WCRP)’s Working
Group of Coupled Modelling (WGCM).

» Since 1995, CMIP has coordinated climate model experiments involving multiple
international modeling teams worldwide.

» CMIP has led to a better understanding of past, present and future climate
change and variability in a multi-model framework.

» CMIP defines common experiment protocols, forcings and output.

» CMIP has developed in phases, with the simulations of the fifth phase, CMIP5,
now completed, and the planning of the sixth phase, i.e. CMIP6, well underway.

» CMIP’s central goal is to advance scientific understanding of the Earth system.

» CMIP model simulations have also been regularly assessed as part of the IPCC
Climate Assessments Reports and various national assessments.




CMIP6 Organization

 CMIP Panel (V. Eyring (chair), S. Bony, J. Meehl, C. Senior, B. Stevens, R. Stouffer, K. Taylor)
which is responsible for direct coordination of CMIP and overseeing the whole CMIP process.

« WGCM Infrastructure Panel (WIP, co-chairs V. Balaji & K. Taylor): Establishes standards and
policies for sharing climate model output; puts the data request together technically (M. Juckes).

CMIP6 Experimental Design

Based on an extensive period (three years) of community consultation

Summer 2013 CMIP5 survey and Aspen & WGCM/AIMES 2013 meetings
 Initial proposal for the design of CMIP6 (Meehl et al., EOS, 2014).

* Feedback on this initial CMIP6 proposal has being solicited until September 2014.

e« The WGCM and the CMIP Panel have then finalized the CMIP6 design at the WGCM 18"
session (October 2014, Grainau) in consultation with the model groups and MIP co-chairs.
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CMIP6 Design: Scientific Focus

 The scientific backdrop for CMIP6 is the WCRP Grand Science Challenges:

1.
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Clouds, Circulation and Climate Sensitivity
Changes in Cryosphere

Climate Extremes

Regional Sea-level Rise

Water Availability

Near-Term Climate Prediction

Biogeochemical Cycles and Climate Change

* The specific experimental design is focused on three broad scientific
guestions:

1.
2.
3.

Eyring et al., GMD, 2016

How does the Earth System respond to forcing?
What are the origins and consequences of systematic model biases?

How can we assess future climate changes given climate variability,
predictability and uncertainties in scenarios?




CMIP Continuity

A common suite of experiments for each phase of CMIP provides an opportunity to construct a
multi-model ensemble using model output from various phases of CMIP
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CMIP: a More Continuous and Distributed Organization

(3) CMIP-Endorsed Model
Intercomparison Projects (MIPs)
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(1) A handful of common experiments
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Chemistry / s CMIP6 Historical Simulation
Aerosols (entry card for CMIP6)
v. Historical simulation using
CMIP6 forcings (1850-2014)
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TS (2) Standardization, coordination,
Infrastructure, documentation
Decadal
Lemcee Geo- prediction
engineering

DECK (Diagnosis, Evaluation, and Characterization of
Klima) & CMIP6 Historical Simulation to be run for each
Eyring et al., GMD, 2016 model configuration used in CMIP6-Endorsed MIPs



21 CMIP6-Endorsed MIPs CMIp_&’
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CMIP6-Endorsed MIPs CMIP_&
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Main Criteria for Endorsement

The MIP and its experiments address at least one of the key science questions of CMIP6.

The MIP demonstrates connectivity to the DECK experiments and the CMIP6 Historical
Simulation.

The MIP adopts the CMIP modeling infrastructure standards and conventions.

All experiments are tiered, well-defined, and useful in a multi-model context and don’t
overlap with other CMIP6 experiments.

Unless a Tier 1 experiment differs only slightly from another well-established experiment,
it must already have been performed by more than one modeling group.

A sufficient number of modelling centers (~8) are committed to performing all of the MIP‘s
Tier 1 experiments and providing all the requested diagnostics needed to answer at least
one of its science questions.

The MIP presents an analysis plan describing how it will use all proposed experiments, any
relevant observations, and specially requested model output to evaluate the models and
address its science questions.

The MIP has completed the MIP template questionnaire.
The MIP contributes a paper on its experimental design to the CMIP6 Special Issue.

The MIP considers reporting on the results by co-authoring a paper with the modelling
groups.
* For “Diagnostic-MIPs“ only non-experimental criteria apply



CMIP6: Participating Model Groups

1 |[|ACCESS-ESM |Australia |13 EC-Earth3 |Europe 24 | MIROC-CGCM | Japan

2 |AWI-CM Germany |14|EMAC Germany 25 | MIROC-ESM Japan

3 |BCC China 15| FGOALS China 26 | MPI-ESM Germany

4 |BESM Brazil 16 [ FIO China 27 | MRI-ESM2 Japan

5 |BNU China 17| GFDL USA 28 | MRI-AGCM3 Japan

6 |CAMS-CMS China 18| GISS USA 29| NICAM Japan

/ |CanESM Canada |19|HadGEM3 |[UK 30 | NorESM Norway

8 |CAS-ESM China 20 IITM-ESM [India 31 |NUIST-CSM China

9 |CESM2 USA 21| INM Russia 32 | TalIESM Taiwan

10 | CESS-THU China 22 | IPSL -CM6 |France 33 | UKESM UK

11 |CMCC Italy 23| K-ACE Republic of Korea |34 | VRESM South Africa

12 |CNRM France / Australia
New in CMIP:

2 new model groups from Germany (AWI-CM, EMAC)
4 new model groups from China (CAMS-CMS, CasESM, CESS-THU, NUIST)

1 new model group from Brazil (BESM)

1 new model group from India (IITM)

1 new model group from Taiwan (TalESM)
1 new model group from Republic of Korea (K-ACE)
1 new model group from South Africa / Australia (VRESM)

=> 11 new model groups
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How to characterize the wide variety of models in CMIPG6?
- Routine Benchmarking and Evaluation Central Part of CMIP6 -

Tools such as the community-developed Earth System Model Evaluation Tool (ESMValTool,

Eyring et al., ESMValTool, GMD (2016b)) that includes other software packages such as the NCAR

CVDP (Phillips et al., 2014)), and the PCMDI Metrics Package (PMP, Gleckler et al., EOS (2016)) to
produce well-established analyses as soon as CMIP model output is submitted.
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CMIP6 Timeline CMIP_ &7
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Status and Outlook CMIP_ &
CMIP6 Status T R Eredr '
— CMIP6 Experimental Design finalized
— Forcing datasets for DECK and CMIP6 historical simulations finalized
— CMIP6 Simulation Period (2016-2020)
— Infrastructure in preparation by WGCM Infrastructure Panel (WIP)

CMIP6 Participating Model Groups: > 30 using a wide variety of different model versions

21 CMIP6-Endorsed MIPs that build on the DECK and CMIP historical simulations to
address a large range of specific questions with WCRP Grand Challenges as scientific backdrop.

CMIP6 Climate Projections part of a CMIP6-Endorsed MIP (ScenarioMIP)

— New scenarios span the same range as the RCPs, but fill critical gaps for intermediate
forcing levels and questions for example on short-lived species and land-use.

— Forcings for future scenarios available by May 2017, climate model projections expected to
be available within the 2018-2020 time frame.

A Central Goal of CMIP6 is Routine Evaluation of the Models with Observations
— Community evaluation tools: development and coupling to ESGF well underway; Concept
towards improved and routine evaluation of ESMs in CMIP developed (Eyring et al., ESD, 2016)

Geosci. Model Dev. Special Issue on CMIP6 Design

— Overview of the CMIP6 Experiment Design and Organization (Eyring et al., GMD, 2016)
— Experimental design from all 21 CMIP6-Endorsed MIPs

— Description of the CMIP6 forcing datasets

— CMIP6 infrastructure

=> We expect CMIP6 to continue CMIP’s tradition of major scientific advances
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