
Research	
  Opportuni0es	
  for	
  ACAM:	
  Opportuni0es	
  and	
  challenges	
  
within	
  the	
  global	
  Climate-­‐MIPs	
  communi0es	
  
	
  

CMIP:	
  Coupled	
  Model	
  Intercomparison	
  Project	
  
Understanding	
  past,	
  present	
  and	
  future	
  climate	
  	
  

	
  
CMIP	
  is	
  a	
  project	
  of	
  the	
  World	
  Climate	
  Research	
  Programme	
  
(WCRP)’s	
  Working	
  Group	
  of	
  Coupled	
  Modelling	
  (WGCM).	
  
	
  
Scien0fic	
  Focus	
  for	
  CMIP	
  is	
  the	
  WCRP	
  Grand	
  Science	
  Challenges:	
  
	
  
Clouds,	
  CirculaBon	
  and	
  Climate	
  SensiBvity	
  
Changes	
  in	
  Cryosphere	
  
Climate	
  Extremes	
  	
  
Regional	
  Sea-­‐level	
  Rise	
  
Water	
  Availability	
  
Near-­‐Term	
  Climate	
  PredicBon	
  	
  
Biogeochemical	
  Cycles	
  and	
  Climate	
  Change	
  	
  
	
  
	
  



What	
  is	
  CMIP	
  ?	
  Why	
  CMIP	
  ?	
  

Coupled Model Intercomparison Project (CMIP) 
- Understanding past, present and future climate - 

¾ CMIP is a project of the World Climate Research Programme (WCRP)’s Working 
Group of Coupled Modelling (WGCM).  

¾ Since 1995, CMIP has coordinated climate model experiments involving multiple 
international modeling teams worldwide.  

¾ CMIP has led to a better understanding of past, present and future climate 
change and variability in a multi-model framework. 

¾ CMIP defines common experiment protocols, forcings and output. 

¾ 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. 

 

¾ CMIP’s central goal is to advance scientific understanding of the Earth system. 

¾ CMIP model simulations have also been regularly assessed as part of the IPCC 
Climate Assessments Reports and various national assessments. 

 

 hHps://www.wcrp-­‐climate.org/wgcm-­‐cmip/wgcm-­‐cmip6	
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Which	
  Bmescales	
  ?	
  
	
  Climate	
  projecBons,	
  decadal	
  predicBons	
  

Example	
  from	
  GFDL	
  



	
  
What	
  we	
  did	
  for	
  cmip5	
  

GiorgeRa	
  et	
  al.,	
  2017	
  



	
  
Decadal	
  forecast	
  simula0ons	
  

MetOffice	
  	
  



Asian	
  Summer	
  Monsoon:	
  Model	
  performances	
  and	
  metrics	
  
•	
  Numerous	
  efforts	
  to	
  quanBfy	
  error	
  and	
  compare	
  CMIP3/CMIP5	
  
•	
  CMIP	
  models	
  sBll	
  have	
  large	
  dry	
  biases	
  for	
  South	
  Asia	
  
–	
  CMIP3/CMIP5	
  error	
  paRern	
  virtually	
  idenBcal,	
  CMIP5	
  RMSE	
  reduced	
  compared	
  
to	
  CMIP3	
  
–	
  Rainfall	
  intensity	
  skill	
  correlated	
  with	
  skill	
  in	
  represenBng	
  the	
  rainfall	
  climatology	
  
•	
  Marginal	
  improvement	
  across	
  all	
  metrics	
  from	
  CMIP3-­‐>CMIP5	
  

Sperber	
  et	
  al,	
  2013	
  

Kusunoki	
  and	
  
Arakawa	
  (2012)	
  



Model	
  SST	
  biases	
  and	
  Interpreta0on	
  of	
  trends	
  :	
  e.g.,	
  Arabian	
  Sea	
  
impact	
  on	
  monsoon	
  annual	
  cycle.	
  	
  
Many	
  CMIP3/5	
  models	
  exhibit	
  cold	
  northern	
  Arabian	
  Sea	
  during	
  
winter	
  and	
  spring,	
  linking	
  a	
  series	
  of	
  coupled	
  biases	
  in	
  the	
  Indian	
  
Ocean.	
  

Levine	
  et	
  al,	
  2013	
  

Wang	
  et	
  al	
  (2011)	
  

S0ll	
  a	
  lot	
  to	
  do	
  with	
  CMIP5	
  data	
  

MANY	
  STUDIES	
  



Role	
  of	
  aerosols	
  

Guo	
  et	
  al	
  (2015)	
  
S0ll	
  a	
  lot	
  to	
  do	
  with	
  CMIP5	
  data	
  

Saltzmann	
  et	
  al.,	
  2014	
  



CMIP6	
  
	
  
to	
  produce	
  a	
  consistent	
  set	
  of	
  climate	
  model	
  simulaBons	
  that	
  can	
  
be	
  scienBfically	
  exploited	
  to	
  address	
  the	
  three	
  broad	
  scienBfic	
  
quesBons	
  :	
  	
  
	
  
(1) How	
  does	
  the	
  Earth	
  system	
  respond	
  to	
  forcing?,	
  	
  

(2)	
  What	
  are	
  the	
  origins	
  and	
  consequences	
  of	
  systemaBc	
  model	
  
biases?	
  
	
  
(3)	
  How	
  can	
  we	
  assess	
  future	
  climate	
  changes	
  given	
  climate	
  
variability,	
  predictability	
  and	
  uncertainBes	
  in	
  scenarios?	
  
	
  
As	
  in	
  CMIP5,	
  the	
  model	
  output	
  will	
  be	
  freely	
  accessible	
  through	
  
data	
  portals	
  ager	
  registraBon.	
  ESGF	
  centres	
  (see	
  details	
  on	
  the	
  
CMIP	
  Panel	
  website	
  at	
  hRp://www.wcrp-­‐climate.org/index.php/
wgcm-­‐cmip/about-­‐cmip)	
  
	
  	
  
	
  
	
  



Which	
  experiments	
  and	
  which	
  data	
  available	
  ?	
  CMIP6	
  
•  New	oceanic	dataset:	HadISST	2.1.1	(Titchner	et	al.,	2014;	Kennedy	et	al,	2016)	

•  Pentad-based	daily	0.25x0.25	dataset	for	SST	and	and	1x1	for	SIC.	

•  ICs	from	ERAINTERIM	1979-01-01.		

•  1979-2008:	Historical	CMIP5	forcing	for	GHG.	

•  Lake	(not	defined	inland	points):	ERAINTERIM	1-month	lagged	seasonal	cycle	(Hersbach	
et	al.,	2015),	ice	when	below	zero.	

	
•  Coastal	points	

(land-sea	mask	

mismatch)	are	

extrapolated.	
(2) Standardization, coordination, 

infrastructure, documentation 

(3) CMIP-Endorsed Model 
Intercomparison Projects (MIPs) 

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

2014) 
ii. Pre-industrial control 

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

 
CMIP6 Historical Simulation 
(entry card for CMIP6)  
v. Historical simulation using 

CMIP6 forcings (1850-2014) 

(1) A handful of common experiments 

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

CMIP: a More Continuous and Distributed Organization  

Eyring et al., GMD, 2016 

+	
  Different	
  MIPs	
  (2) Standardization, coordination, 
infrastructure, documentation 

(3) CMIP-Endorsed Model 
Intercomparison Projects (MIPs) 
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2014) 
ii. Pre-industrial control 
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iii. 1%/yr CO2 increase  
iv. Abrupt 4xCO2 run 

 
CMIP6 Historical Simulation 
(entry card for CMIP6)  
v. Historical simulation using 

CMIP6 forcings (1850-2014) 

(1) A handful of common experiments 

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

CMIP: a More Continuous and Distributed Organization  

Eyring et al., GMD, 2016 



21 CMIP6-Endorsed MIPs  

Diagnostic MIPs 
Eyring et al., GMD, 2016 



21 CMIP6-Endorsed MIPs  

Diagnostic MIPs 
Eyring et al., GMD, 2016 
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Table 3. List of CMIP6-Endorsed MIPs along with the long name of the MIP, the primary goal(s) and the main CMIP6 science theme as
displayed in Fig. 2. Each of these MIPs is described in more detail in a separate contribution to this special issue. MIPs marked with ⇤ are
diagnostic MIPs.

Short name of
MIP

Long name of MIP Primary goal(s) in CMIP6 Main CMIP6
science theme

AerChemMIP Aerosols and
Chemistry Model
Intercomparison
Project

(a) Diagnosing forcings and feedback of tropospheric aerosols, tropo-
spheric ozone precursors and the chemically reactive WMGHGs; (b) doc-
umenting and understanding past and future changes in the chemical
composition of the atmosphere; (c) estimating the global-to-regional cli-
mate response from these changes.

Chemistry/
Aerosols

C4MIP Coupled Climate
Carbon Cycle
Model Intercom-
parison Project

Understanding and quantifying future century-scale changes in the global
carbon cycle and its feedback on the climate system, making the link
between CO2 emissions and climate change.

Carbon cycle

CFMIP Cloud Feedback
Model Intercom-
parison Project

Improving assessments of cloud feedback via (a) improved understanding
of cloud-climate feedback mechanisms and (b) better evaluation of clouds
and cloud feedback in climate models. Also improving understanding of
circulation, regional-scale precipitation, and non-linear changes.

Clouds/
Circulation

DAMIP Detection and
Attribution Model
Intercomparison
Project

(a) Estimating the contribution of external forcings to observed global
and regional climate changes; (b) observationally constraining future cli-
mate change projections by scaling future GHG and other anthropogenic
responses using regression coefficients derived for the historical period.

Characterizing
forcings

DCPP Decadal Climate
Prediction Project

Predicting and understanding forced climate change and internal vari-
ability up to 10 years into the future through a coordinated set of hindcast
experiments, targeted experiments to understand the physical processes,
and the ongoing production of skilful decadal predictions.

Decadal
prediction

FAFMIP Flux-Anomaly-
Forced Model
Intercomparison
Project

Explaining the model spread in climate projections of ocean climate
change forced by CO2 increase, especially regarding the geographical
patterns and magnitude of sea level change, ocean heat uptake, and ther-
mal expansion.

Ocean/Land/
Ice

GeoMIP Geoengineering
Model Intercom-
parison Project

Assessing the climate system response (including on extreme events) to
proposed radiation modification geoengineering schemes by evaluating
their efficacies, benefits, and side effects.

Geoengineering

GMMIP Global Monsoons
Model Intercom-
parison Project

(a) Improving understanding of physical processes in global monsoons
system; (b) better simulating the mean state, interannual variability, and
long-term changes of global monsoons.

Regional
phenomena

HighResMIP High-Resolution
Model Intercom-
parison Project

Assessing the robustness of improvements in the representation of impor-
tant climate processes with weather-resolving global model resolutions
(⇠ 25 km or finer), within a simplified framework using the physical cli-
mate system only with constrained aerosol forcing.

Regional
phenomena

ISMIP6 Ice Sheet Model
Intercomparison
Project for CMIP6

Improving confidence in projections of the sea level rise associated with
mass loss from the ice sheets of Greenland and Antarctica.

Ocean/Land/
Ice

LS3MIP Land Surface,
Snow and Soil
Moisture

Providing a comprehensive assessment of land surface, snow, and soil
moisture-climate feedback, and diagnosing systematic biases in the land
modules of current ESMs using constrained land-module-only experi-
ments.

Ocean/Land/
Ice

LUMIP Land-Use Model
Intercomparison
Project

Quantifying the effects of land use on climate and biogeochemical cy-
cling (past–future), and assessing the potential for alternative land man-
agement strategies to mitigate climate change.

Land use

Geosci. Model Dev., 9, 1937–1958, 2016 www.geosci-model-dev.net/9/1937/2016/
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Improving confidence in projections of the sea level rise associated with
mass loss from the ice sheets of Greenland and Antarctica.
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LS3MIP Land Surface,
Snow and Soil
Moisture

Providing a comprehensive assessment of land surface, snow, and soil
moisture-climate feedback, and diagnosing systematic biases in the land
modules of current ESMs using constrained land-module-only experi-
ments.

Ocean/Land/
Ice

LUMIP Land-Use Model
Intercomparison
Project

Quantifying the effects of land use on climate and biogeochemical cy-
cling (past–future), and assessing the potential for alternative land man-
agement strategies to mitigate climate change.

Land use
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Regional
phenomena

ISMIP6 Ice Sheet Model
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Project for CMIP6

Improving confidence in projections of the sea level rise associated with
mass loss from the ice sheets of Greenland and Antarctica.
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LS3MIP Land Surface,
Snow and Soil
Moisture

Providing a comprehensive assessment of land surface, snow, and soil
moisture-climate feedback, and diagnosing systematic biases in the land
modules of current ESMs using constrained land-module-only experi-
ments.
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Quantifying the effects of land use on climate and biogeochemical cy-
cling (past–future), and assessing the potential for alternative land man-
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Table 3. Continued.

OMIP Ocean Model In-
tercomparison
Project

Providing a framework for evaluating, understanding, and improving
ocean, sea ice, and biogeochemical, including inert tracers, components
of climate and Earth system models contributing to CMIP6. Protocols are
provided to perform coordinated ocean/sea ice/tracer/biogeochemistry
simulations forced with common atmospheric data sets.

Ocean/Land/
Ice

PMIP Paleoclimate Mod-
elling Intercompar-
ison Project

(a) Analysing the response to forcings and major feedback for past cli-
mates outside the range of recent variability; (b) assessing the credibility
of climate models used for future climate projections.

Paleo

RFMIP Radiative Forcing
Model Intercom-
parison Project

(a) Characterizing the global and regional effective radiative forcing for
each model for historical and 4⇥CO2 simulations; (b) assessing the abso-
lute accuracy of clear-sky radiative transfer parameterizations; (c) identi-
fying the robust impacts of aerosol radiative forcing during the historical
period.

Characterizing
forcings

ScenarioMIP Scenario Model
Intercomparison
Project

(a) Facilitating integrated research on the impact of plausible future sce-
narios over physical and human systems, and on mitigation and adap-
tation options; (b) addressing targeted studies on the effects of particular
forcings in collaboration with other MIPs; (c) help quantifying projection
uncertainties based on multi-model ensembles and emergent constraints.

Scenarios

VolMIP Volcanic Forcings
Model Intercom-
parison Project

(a) Assessing to what extent responses of the coupled ocean–atmosphere
system to strong volcanic forcing are robustly simulated across state-of-
the-art coupled climate models; (b) identifying the causes that limit robust
simulated behaviour, especially differences in their treatment of physical
processes

Characterizing
forcings

CORDEX⇤ Coordinated Re-
gional Climate
Downscaling
Experiment

Advancing and coordinating the science and application of regional cli-
mate downscaling (RCD) through statistical and dynamical downscaling
of CMIP DECK, CMIP6 historical, and ScenarioMIP output.

Impacts

DynVarMIP⇤ Dynamics and Va-
riability Model In-
tercomparison
Project

Defining and analysing diagnostics that enable a mechanistic approach
to confront model biases and understand the underlying causes behind
circulation changes with a particular emphasis on the two-way coupling
between the troposphere and the stratosphere.

Clouds/
Circulation

SIMIP⇤ Sea Ice Model
Intercomparison
Project

Understanding the role of sea ice and its response to climate change by
defining and analysing a comprehensive set of variables and process-
oriented diagnostics that describe the sea ice state and its atmospheric
and ocean forcing.

Ocean/Land/
Ice

VIACS AB⇤ Vulnerability, Im-
pacts, Adaptation
and Climate
Services Advisory
Board

Facilitating a two-way dialogue between the CMIP6 modelling commu-
nity and VIACS experts, who apply CMIP6 results for their numerous re-
search and climate services, towards an informed construction of model
scenarios and simulations and the design of online diagnostics, metrics,
and visualization of relevance to society.

Impacts

A number of MIPs are developments and/or continuation
of long-standing science themes. These include MIPs specif-
ically addressing science questions related to cloud feedback
and the understanding of spatial patterns of circulation and
precipitation (CFMIP), carbon cycle feedback, and the un-
derstanding of changes in carbon fluxes and stores (C4MIP),
detection and attribution (DAMIP) that newly includes 21st-
century GHG-only simulations allowing the projected re-
sponses to GHGs and other forcings to be separated and
scaled to derive observationally constrained projections, and

paleoclimate (PMIP), which assesses the credibility of the
model response to forcing outside the range of recent vari-
ability. These MIPs reflect the importance of key forcing and
feedback processes in understanding past, present, and future
climate change and have developed new experiments and sci-
ence plans focused on emerging new directions that will be
at the centre of the WCRP Grand Science Challenges. A few
new MIPs have arisen directly from gaps in understanding
in CMIP5 (Stouffer et al., 2015), for example, poor quantifi-
cation of radiative forcing (RFMIP), better understanding of
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Table 3. Continued.

OMIP Ocean Model In-
tercomparison
Project
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tation options; (b) addressing targeted studies on the effects of particular
forcings in collaboration with other MIPs; (c) help quantifying projection
uncertainties based on multi-model ensembles and emergent constraints.

Scenarios

VolMIP Volcanic Forcings
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(a) Assessing to what extent responses of the coupled ocean–atmosphere
system to strong volcanic forcing are robustly simulated across state-of-
the-art coupled climate models; (b) identifying the causes that limit robust
simulated behaviour, especially differences in their treatment of physical
processes

Characterizing
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gional Climate
Downscaling
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Advancing and coordinating the science and application of regional cli-
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of CMIP DECK, CMIP6 historical, and ScenarioMIP output.

Impacts

DynVarMIP⇤ Dynamics and Va-
riability Model In-
tercomparison
Project

Defining and analysing diagnostics that enable a mechanistic approach
to confront model biases and understand the underlying causes behind
circulation changes with a particular emphasis on the two-way coupling
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Clouds/
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SIMIP⇤ Sea Ice Model
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search and climate services, towards an informed construction of model
scenarios and simulations and the design of online diagnostics, metrics,
and visualization of relevance to society.

Impacts

A number of MIPs are developments and/or continuation
of long-standing science themes. These include MIPs specif-
ically addressing science questions related to cloud feedback
and the understanding of spatial patterns of circulation and
precipitation (CFMIP), carbon cycle feedback, and the un-
derstanding of changes in carbon fluxes and stores (C4MIP),
detection and attribution (DAMIP) that newly includes 21st-
century GHG-only simulations allowing the projected re-
sponses to GHGs and other forcings to be separated and
scaled to derive observationally constrained projections, and

paleoclimate (PMIP), which assesses the credibility of the
model response to forcing outside the range of recent vari-
ability. These MIPs reflect the importance of key forcing and
feedback processes in understanding past, present, and future
climate change and have developed new experiments and sci-
ence plans focused on emerging new directions that will be
at the centre of the WCRP Grand Science Challenges. A few
new MIPs have arisen directly from gaps in understanding
in CMIP5 (Stouffer et al., 2015), for example, poor quantifi-
cation of radiative forcing (RFMIP), better understanding of

www.geosci-model-dev.net/9/1937/2016/ Geosci. Model Dev., 9, 1937–1958, 2016



Resolu0on,	
  why	
  is	
  it	
  important	
  	
  /	
  new	
  	
  ?	
  

T159L91	(125km):	10+10	ensemble	members	
T255L91	(80km):	10+10	
T511L91	(40km):	5+5	
T799L91	(25km):	3+3	
T1279L91	(16km):	1+1	 More	than	110	simula;ons	available!	

Tuning	has	been	performed	once	only	for	
T255L91	with	no	stochasJc	physics!	

T159L91	(125km):	10+10	ensemble	members	
T255L91	(80km):	10+10	
T511L91	(40km):	5+5	
T799L91	(25km):	3+3	
T1279L91	(16km):	1+1	 More	than	110	simula;ons	available!	

Tuning	has	been	performed	once	only	for	
T255L91	with	no	stochasJc	physics!	



MODEL	
  EVALUATION	
  
Metrics	
  and	
  Diagnos0cs	
  from	
  our	
  community	
  filled	
  within	
  ESMValTool?	
  

Eyring	
  et	
  al.,	
  2016	
  



Linked	
  EU	
  projects	
  /	
  ini0a0ves:	
  	
  
	
  
PRIMAVERA	
  (H2020)	
  :	
  hRps://www.primavera-­‐h2020.eu/	
  
(PRocess-­‐based	
  climate	
  sIMulaBon:	
  AdVances	
  in	
  high-­‐resoluBon	
  
modelling	
  and	
  European	
  climate	
  Risk	
  Assessment)	
  
Copernicus	
  C3s	
  :	
  hRp://www.copernicus.eu/main/climate-­‐change	
  
(Service	
  to	
  give	
  access	
  to	
  informaBon	
  for	
  monitoring	
  and	
  predicBng	
  
climate,	
  providing	
  access	
  to	
  several	
  climate	
  indicators	
  /	
  indices	
  for	
  both	
  
the	
  idenBfied	
  climate	
  drivers	
  and	
  the	
  expected	
  climate	
  impacts.)	
  
	
  
Take	
  home	
  message:	
  
A	
  lot	
  to	
  do	
  with	
  exisBng	
  /	
  future	
  simulaBons	
  
Strenght:	
  MulBModel	
  Approach	
  	
  
	
  
What	
  can	
  we	
  do	
  as	
  a	
  community	
  
Common	
  Analysis	
  
Defining	
  acam	
  DiagnosBcs	
  /	
  Metrics	
  
Proposing	
  acamMIPs	
  
Link	
  to	
  wg2	
  Discussion	
  


