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Prediction	versus	projection

Weather	to	seasonal	prediction
Initial	state	is	CRITICAL
Don’t	really	care	about	whole	PDF,	just	probable	phase	
space
Non-conservation	of	mass/energy	to	match	observed	state

Climate	projection
Get	rid	of	any	dependence	on	initial	state
Conservation	of	mass	&	energy	critical
Want	to	know	the	PDF	of	all	possible	states
Really	want	to	know	tails	(extreme	events)



Climate change
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What	is	CMIP?

Coupled	Model	Intercomparison Project
https://www.wcrp-climate.org/wgcm-cmip

“The objective of the Coupled Model Intercomparison Project 
(CMIP) is to better understand past, present and future climate 
changes arising from natural, unforced variability or in response 
to changes in radiative forcing in a multi-model context.”

Began in 1995 and is organised by scientists under the World 
Climate Research Programme’s Working Group on Coupled 
Modelling

CMIP has coordinated multi-model experiments ~every 7 years and 
is currently in Phase 6



Climate	models

IPCC	AR5	FAQ	12.1	and	https://news.ucar.edu/sites/default/files/news/2011/predictFlow2.jpg

Increases	in	components,	complexity	and	range	of	processes	and	resolution	over	time



CMIP	phases

CMIP1	~1996:	document	systematic	errors	in	coupled	models,	quantify	effects	of	
flux	corrections	and	document	features	of	climate	system	variability

CMIP2	~2000:	document	and	understand	the	response	of	coupled	climate	models	to	
atmospheric	CO2	increasing	at	a	rate	of	1%	per	year	compounded	

CMIP3	~2000:	PIcontrol,	1%	CO2,	AMIP,	historical,	SRES	scenarios,	commitment

CMIP5	~2011:	PIcontrol,	1%	CO2,	AMIP,	historical,	RCP	scenarios	

CMIP6	~2018:	DECK	+	SSP	scenarios,	30+	MIPs



The overall mission of the WCRP Working 
Group on Coupled Modeling (WGCM) is to 
foster the development and review of 
coupled climate models.

Relies on voluntary contributions of many 
scientists and institutions!



How	is	CMIP	organised?

Dr Veronika	Eying,
CMIP	Panel	Chair



Based on an extensive period (two years) of community consultation
• Based on the 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 was solicited over the year 

from modeling groups and model analysts until September 2014.
• The WGCM and the CMIP Panel then finalized the CMIP6 design at 

the WGCM 18th session (October 2014, Grainau) in consultation 
with the model groups and MIP co-chairs.

CMIP6	design	development

V.	Eyring,	CMIP6	modelling	status	and	goals,	Barcelona,	March	2019

How	is	CMIP	organised?



CMIP6	design	developmentHow	is	CMIP	organised?

V.	Eyring,	CMIP6	modelling	status	and	goals,	Barcelona,	March	2019
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Why	do	we	need	more	than	one	model?

Diversity	of	equally	plausible	
approaches	to	modelling	the	
climate	system	
=>	no	best	model	!

Numerous	modelling	centres
worldwide

Attempts to link model performance to projections, for the most
part, have proven difficult so multimodel distribution required
(though see Gab’s talk on Monday)

AR5	Fig	10.1



Why	do	we	need	more	than	one	model?

IPCC	AR5	FAQ	12.1climate	sensitivity
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Why	intercompare models?

Might	seem	obvious	but	it	consumes	large	resources,	both	in	
terms	of	computing	and	human	energy,	so	needs	to	be	justified

CMIP	stats

• “Arguably	the	world’s	largest	most	complex	distributed	database”
• CMIP3=40TB,	CMIP5=1.5	PB+,	at least 40X	bigger
• CMIP5	=	40	models,	CMIP6	=	100+	models



Why	intercompare models?

Might	seem	obvious	but	it	consumes	large	resources,	both	in	
terms	of	computing	and	human	energy,	so	needs	to	be	justified

• enables	fundamental	research	(1000s	of	papers	using	CMIP5)
• highlights	systematic	biases	and	helps	set	model	development	

priorities
• allows	models	to	be	scrutinised by	whole	climate	research	

community
• provides	input	to	IPCC	and	UNFCCC	(global	stocktake)

V.	Eyring,	CMIP6	modelling	status	and	goals,	Barcelona,	March	2019



Why	intercompare models?

Fyfe	et	al	2016
and	AR5	Ch11

Highlights	systematic	biases
e.g.	understanding	the	slowdown	in	global	temperatures
=>	CMIP5	enabled	forcing	comparisons,	assessment	of	internal	
variability,	decadal	predictions
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https://cmip6workshop19.sciencesconf.org/

•Single and multi-model CMIP6 analyses and evaluation that take advantage of the large 
suite of CMIP6 experiments
•Efforts to connect model development and analysis to identify Earth system model 
improvements that help reduce systematic biases and/or increase the realism of models
•Methods for multi-model analysis
•Climate change impacts



CMIP6	&	WCRP	Grand	Challenges

https://www.wcrp-climate.org/grand-challenges/grand-challenges-overview

The current Grand Challenges are:
§ Melting Ice and Global Consequences
§ Clouds, Circulation and Climate Sensitivity
§ Carbon Feedbacks in the Climate System
§ Weather and Climate Extremes
§ Water for the Food Baskets of the World
§ Regional Sea-Level Change and Coastal 

Impacts
§ Near-term Climate Prediction

Science backdrop of WCRP GCs
for CMIP6



1. How does the Earth system respond to forcing? 

2. What are the origins and consequences of systematic 
model biases?

3. How can we assess future climate change given climate 
variability, climate predictability, and uncertainties in 
scenarios?

CMIP6	science	questionsCMIP6	Science	Questions





A handful of common experiments

DECK (entry card for CMIP)
1. AMIP simulation (~1979-

2014)
2. Pre-industrial control 

simulation
3. 1%/yr CO2 increase
4. Abrupt 4xCO2 run

CMIP6 Historical Simulation (entry 
card for CMIP6)

1. Historical simulation using 
CMIP6 forcings (1850-2014)

CMIP6	structure

Courtesy	G	Danabasoglu,	CMIP6	workshop	slides

Courtesy	
Martin	Dix



V.	Eyring,	CMIP6	modelling	status	and	goals,	Barcelona,	March	2019

GMD	special	issue	for	MIPs	and	Input4MIPs
https://www.geosci-model-dev.net/special_issue590.html





CMIP6	endorsed	MIPs

https://www.wcrp-climate.org/modelling-
wgcm-mip-catalogue/modelling-wgcm-
cmip6-endorsed-mips



CMIP6	&	WCRP	Grand	Challenges

Eyring et	al	2016

The current Grand Challenges are:
§ Melting Ice and Global Consequences
§ Clouds, Circulation and Climate Sensitivity
§ Carbon Feedbacks in the Climate System
§ Weather and Climate Extremes
§ Water for the Food Baskets of the World
§ Regional Sea-Level Change and Coastal 

Impacts
§ Near-term Climate Prediction
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nci.org.au

CMIP6	Update AMOS	2019

©	National	Computational	
Infrastructure	2018

● Two Australian ACCESS models are registered for CMIP6 contributions:

○ ACCESS-CM2
Potential additional MIPs: OMIP, FAFMIP, RFMIP and ScenarioMIP

○ ACCESS-ESM1-5
Potential additional MIPs: C4MIP, CDRMIP, OMIP, RFMIP
and ScenarioMIP.

Contributions from these models expected to start being published 
Q3/Q4 2019.



nci.org.au

Searching	CMIP	data

©	National	Computational	
Infrastructure	2018

● The CMIP data hosted at NCI can be accessed directly on the filesystem 
via Raijin or the VDI. 

● Due to the complexity and volume of the CMIP datasets, manual 
searching and accessing the data you are after is highly inefficient and 
difficult. We thus recommend using the CleF tool developed by CLEX for 
all CMIP5 and CMIP6 data search needs. 

● Examples to follow in jupyter notebook.



nci.org.au

CMIP	Projects	and	Access

©	National	Computational	
Infrastructure	2018

NCI	host	CMIP3,	CMIP5	and	CMIP6	data	collections.	To	access	the	data	at	
NCI	you	need	to	register	for	the	correct	projects	and	agree	to	the	terms	and	
conditions	for	the	data	collections.	

Request	to	join	a	data	collection	through	my.nci.org.au/mancini.	
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Many	CMIP6	models	are	warmer

Dr	Veronika	Eyring’s presentation at	the	CMIP6	workshop,	March	2019

Equilibrium	climate	sensitivity	(ECS)	=	equilibrium	temperature	response	to	a	doubling	of	CO2

https://climateextremes.org.au/cmip6-models-produce-higher-equilibrium-climate-sensitivity/



e.g.	CESM1	=>	CESM2

Cecile	Hannay’s presentation:	CESM	workshop



e.g.	CESM1	=>	CESM2

Cecile	Hannay’s presentation:	CESM	workshop



Courtesy	G	Danabasoglu,	CMIP6	workshop	slides



ECS = 5.3oC

ECS = 3.1oC

ECS = 5.3oC

ECS = 5.4oC

Changes	to	clouds	and	
aerosols	contribute	to	
some	of	the	increase	
in	Equilibrium	Climate	
Sensitivity	(ECS)

CMIP6	workshop	slides



DAMIP	(Detection/Attribution)



ScenarioMIP

Riahi et	al	(2016);	O’Neill	et	al	GMD	(2017)
Courtesy	C	Tebaldi,	CMIP6	workshop	slides



DCPP

(Boer	et	al.,	GMD,	2016)

The Decadal Climate Prediction Project (DCPP) contribution to CMIP6

Hindcasts,	
predictions	and	
also	looks	at	case	
studies	e.g.	early	
2000s	slowdown	
to	understand	
internal	vs	forced	
contributions



Next	steps
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CMIP6

Summary

ü Multiple	models	are	essential	for	future	projections	and	intercomparison,	

enable	a	better	understanding	of	past,	present	and	future	climate	change

ü CMIP	has	had	significant	successes,	ever	evolving	and	improving

ü Some	remaining	challenges	&	areas	of	focus

- improved	physical	processes

- improved	estimates	of	forcing

- improved	resolution

- constraining	climate	sensitivity



Opportunities
CMIP6	Hackathon	@	NCAR	Oct	2019:	
registration	by	July	31	
https://cmip6hack.github.io/#/

CMIP6	data	challenges	workshop:	August	
14.	Contact	Anna	Ukkola or	Margot	Bador
for	more	information

Papers	need	to	be	submitted	by	Dec	31	
2019	to	be	cited	by	AR6	but	analysis	will	
continue	for	many	years	to	come!

AGU	2019:	Climate	Science	Week https://wg1.ipcc.ch/AR6/AR6.html
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