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Modelling the Earth’s climate system 

 
Understand & Predict  

Climate Variability and Changes 



End of 1980s-beginning of 90s 
AMIPI: 1990-1996 

Larry Gates (BAMS, 1992) 
 

Need for a systematic and comprehensive intercomparison of 
atmospheric climate models 

 
Recommendation WCRP (1989) 

Under Working Group on Numerical Experiments 
 (WMO/WCRP) 

 
A leading team: PCMDI (USA) 

Program for Climate model Diagnosis and Intercomparison 
 Contribution to IPCC Assessment Reports 2 (1996) 

Atmospheric Model Intercomparison Project 
A vision 

Start of a new approach: MIPs 
Paleoclimate Modelling Intercomparison Project: 2nd MIP 



DFJ 1979-1988 

Atmospheric Modeling Intercomparison Project  Gates et al. (1998) 

Sea level pressure 

Surface air temperature 

Precipitation 

Cloudiness 



CMIP 
 Coupled Model Intercomparison Project 

1995 WCRP creation of the Working Group on Coupled Modelling 
Foster the development and review of coupled models 

 
CMIP Launched in 1995 - Mainly control runs    
CMIP2: Launched in 1997 – Idealised experiment 1%/year increased CO2 

0.5 TB -  Data accessible only on subproject basis  - IPCC TAR (2001) 

CMIP3: more realistic past (20th) and future simulations (scenarios) - IPCC AR4 (2007) 
36 TB of data at PCMDI – open and free non commercial 

Limitations: different model versions for CMIP and other MIPs (eg Paleoclimates PMIP) 

CMIP5 (2008-2013): consistent set for all experiments  - IPCC AR5 (2013) 
1.8 PB of data – ESGF – open data (very few closed for non commercial) 

Difficulties: all experiments with same model version / very heavy 

CMIP6 (2014-2019) common core simulations and more independent MIPs  
IPCC AR6 (2020)  

New approach: Allows a better involvement of the community in the design 



CMIP ”Coupled Model Intercomparison Project” 
Phase 5 – CMIP5 

Evaluate / Understand / Projections 
basis for IPCC Assessments 

Inform mitigation & adaptation policies 

CMIP5 (2008-2013) 
3400 simulated yrs up to > 12000 yrs 

50 expts up to > 160 expts 
2000 Tbytes (CMIP3: 36) 

 
28 modelling groups / 7 in Europe 

61 models / 17 in Europe 
 

> 1000 publications(ca 300/yr) 
 

Used for Regional coordinated expts 
CORDEX 

IPCC AR5 
future 

evaluation 

understanding 

Near-term experiments  
(10-30 years) 

Long-term 
experiments 

(century) 



CMIP5 
Evaluate / Understand / 

Projections 

765

Evaluation of Climate Models Chapter 9

9

Figure 9.6 |  Centred pattern correlations between models and observations for the annual mean climatology over the period 1980–1999. Results are shown for individual CMIP3 
(black) and CMIP5 (blue) models as thin dashes, along with the corresponding ensemble average (thick dash) and median (open circle). The four variables shown are surface air 
temperature (TAS), top of the atmosphere (TOA) outgoing longwave radiation (RLUT), precipitation (PR) and TOA shortwave cloud radiative effect (SW CRE). The observations used 
for each variable are the default products and climatological periods identified in Table 9.3. The correlations between the default and alternate (Table 9.3) observations are also 
shown (solid green circles). To ensure a fair comparison across a range of model resolutions, the pattern correlations are computed at a resolution of 4º in longitude and 5º in 
latitude. Only one realization is used from each model from the CMIP3 20C3M and CMIP5 historical simulations.
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absorbing aerosols, in particular carbonaceous species (Kim and Ram-
anathan, 2008), or to the omission of weak-line (Collins et al., 2006b) 
or continuum (Ptashnik et al., 2011) absorption by water vapour (Wild 
et al., 2006). 

One of the major influences on radiative fluxes in the atmosphere is 
the presence of clouds and their radiative properties. To measure the 
influence of clouds on model deficiencies in the TOA radiation budget, 
Figure 9.5 shows maps of deviations from observations in annual mean 
shortwave (top left), longwave (middle left) and net (bottom left) cloud 
radiative effect (CRE) for the CMIP5 multi-model mean. The figure (right 
panels) also shows zonal averages of the same quantities from two 
sets of observations, the individual CMIP5 models, and the  multi-model 
average. The definition of CRE and observed mean fields for these quan-
tities can be found in Chapter 7 (Section 7.2.1.2, Figure 7.7).

Models show large regional biases in CRE in the shortwave component, 
and these are particularly pronounced in the subtropics with too weak 
an effect (positive error) of model clouds on shortwave radiation in 
the stratocumulus regions and too strong an effect (negative error) in 
the trade cumulus regions. This error has been shown to largely result 
from an overestimation of cloud reflectance, rather than cloud cover 
(Nam et al., 2012). A too weak cloud influence on shortwave radia-
tion is evident over the subpolar oceans of both hemispheres and the 
Northern Hemisphere (NH) land areas. It is evident in the zonal mean 
graphs that there is a wide range in both longwave and shortwave CRE 
between individual models. As is also evident, a significant reduction 
in the difference between models and observations has resulted from 

changes in the observational estimates of CRE, in particular at polar 
and subpolar as well as subtropical latitudes (Loeb et al., 2009).

 Understanding the biases in CRE in models requires a more in-depth 
analysis of the biases in cloud properties, including the fractional cov-
erage of clouds, their vertical distribution as well as their liquid water 
and ice content. Major progress in this area has resulted from both the 
availability of new observational data sets and improved diagnostic 
techniques, including the increased use of instrument simulators (e.g., 
Cesana and Chepfer, 2012; Jiang et al., 2012a). Many models have 
particular difficulties simulating upper tropospheric clouds (Jiang et al., 
2012a), and low and mid-level cloud occurrence are frequently under-
estimated (Cesana and Chepfer, 2012; Nam et al., 2012; Tsushima et 
al., 2013). Global mean values of both simulated ice and liquid water 
path vary by factors of 2 to 10 between models (Jiang et al., 2012a; Li 
et al., 2012a). The global mean fraction of clouds that can be detected 
with confidence from satellites (optical thickness >1.3, Pincus et al. 
(2012)) is underestimated by 5 to 10 % (Klein et al., 2013). Some of the 
above errors in clouds compensate to provide the global mean balance 
in radiation required by model tuning (Tsushima et al., 2013; Wang and 
Su, 2013; Box 9.1). 

In-depth analysis of several global and regional models (Karlsson et al., 
2008; Teixeira et al., 2011) has shown that the interaction of boundary 
layer and cloud processes with the larger scale circulation systems that 
ultimately drive the observed subtropical cloud distribution remains 
poorly simulated. Large errors in subtropical clouds have been shown 
to negatively affect SST patterns in coupled model simulations (Hu 

IPCC AR5 

Evaluate 

Projections 
High scenario 

Low scenario 

(2081-2100) minus (1986-2005) 

3.7 (2.6-4.8) 

1.0  (0.3-1.7) 
Surface air temperature 

LW outgoing radiation 

Precipitation 

SW cloud radiative effect 



Observa(ons	
  
CALIPSO-­‐GOCCP	
  

Cesana and Chepfer 
GRL, 2012 

Models	
  

Models	
  

Obs4MIP: Observations for Model Intercomparison Projects 



Status	
  of	
  CMIP5	
  experiments	
  	
  

 
7 in Europe 

1 Canada 

 6 USA 

 1 Russia  

 5 China / 1 Korea  

4 Japan 

2 Australia 

28 modelling groups 
61 models  

 1 Brazil (with UK) 



Ref: from Doutriaux and Taylor, 12/2014 

Adoption of common standards 
Data: structure, format, metadata, vocabulary 
Document Model/experiments (ES-DOC) 

Standardization enables/facilitates 
Analysis using uniform methods  
Unique identification of files 
Sharing of data across the ESGF network 

A common infrastructure 
distributed database & standards 

Open source software 
International, Community led : GO-ESSP, WIP 

Multi-agencies support: DOE, NOAA, NASA, IS-ENES, NCI 
Most often: project base 

At the limit of what can be done 



 
Coupled Model Intercomparison Project – CMIP5 

 
IPCC: A policy incentive but also a strong timing 
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Since 1995, the Coupled Model Intercom-
parison Project (CMIP) has coordinated cli-
mate model experiments involving multiple 
international modeling teams. Through CMIP, 
climate modelers and scientists from around 
the world have analyzed and compared 
state-of-the-art climate model simulations to 
gain insights into the processes, mechanisms, 
and consequences of climate variability and 
climate change. This has led to a better 
understanding of past, present, and future 
climate, and CMIP model experiments have 
routinely been the basis for future climate 
change assessments made by the Intergov-
ernmental Panel on Climate Change (IPCC) 
[e.g., IPCC, 2013, and references therein].

CMIP has developed in phases, with the 
simulations of the fifth phase, CMIP5, now 
mostly completed. Though analyses of the 
CMIP5 data will continue for at least several 
more years, science gaps and outstanding 
science questions have prompted preparations 
for the sixth phase of the project (CMIP6). 
This brief overview of the initial proposed 
design of CMIP6 is meant to inform interested 
research communities and to encourage dis-
cussion and feedback for consideration in 
the evolving experiment design (see Figure 1). 
A more complete description and further 
information are available at http://www .wcrp 
- climate .org/  index .php/  wgcm -cmip/ wgcm 
-cmip6 and in the additional supporting infor-
mation in the online version of this article.

Scientific Focus and Structure

The proposed scientific backdrop for 
CMIP6 consists of the six grand challenges 
of the World Climate Research Programme 
(WCRP)—encapsulating questions related to 
clouds, circulation, and climate sensitivity; 
changes in cryosphere; climate extremes; re-
gional climate information; regional sea level 
rise; and water availability—with an addi-
tional theme involving biospheric forcings 

and feedbacks. The specific experiment de-
sign would focus on three broad questions: 
How does the Earth system respond to 
forcing? What are the origins and conse-
quences of systematic model biases? How 
can we assess future climate changes given 

climate variability, climate predictability, and 
uncertainties in scenarios?

Within this scientific framework, a more dis-
tributed organization for CMIP6 than in pre-
vious phases of CMIP is proposed. This would 
fall under the oversight of the CMIP Panel (see 
Figure 1), wherein an ongoing activity, CMIP, 
is distinguished from a particular phase of 
CMIP, now CMIP6. This structure involves two 
basic components.

First, CMIP (inner part of Figure 1) would be 
composed of two elements: in one, research-
ers would run a small set of standardized 

BY G.  A. MEEHL, R. MOSS, K. E. TAYLOR, V. EYRING, 
R. J. STOUFFER, S. BONY, AND B. STEVENS

Fig. 1. Schematic of the proposed experiment design for phase 6 of the Coupled Model Inter-
comparison Project (CMIP6). The inner ring and surrounding black text involve standardized 
functions of all CMIP, including ongoing Diagnosis, Evaluation, and Characterization of Klima 
(DECK) experiments (klima is German for “climate”). The middle ring shows science topics 
related specifically to CMIP6 to be addressed by the MIPs, with illustrative (and likely not com-
plete) MIP topics shown in the outer ring. This framework is superimposed on the scientific 
backdrop for CMIP6—the six grand challenges of the World Climate Research Programme 
(WCRP), which encapsulate questions related to clouds, circulation, and climate sensitivity; 
changes in cryosphere; climate extremes; regional climate information; regional sea level rise; 
and water availability. An additional science topic involves biospheric forcings and feedbacks.

CMIP6	
  
2015-­‐2020	
  	
  

Meehl	
  et	
  al.,	
  EOS,	
  2014	
  

Working	
  Group	
  on	
  Coupled	
  Models	
  

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)

WCRP Grand Challenges:  (1) Clouds, circulation and climate sensitivity, (2) Changes in 
cryosphere, (3) Climate extremes, (4) Regional climate information, (5) Regional sea-level rise, 
and (6) Water availability, plus an additional theme on “Biogeochemical forcings and feedbacks”

Note: The themes in the outer circle of the figure might be 
slightly revised at the end of the MIP endorsement process

(DECK & CMIP6 Historical Simulation to 
be run for each model configuration used 
in the subsequent CMIP6-Endorsed MIPs)

With proto-DECK experiments 
(LMIP,OMIP etc.) in CMIP6 Tier1

Coupled Model 
Intercomparison Project 

Phase 6 

International coordinated 
numerical experiments 
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basis for IPCC Assessments 

Inform mitigation & 
adaptation policies 



Large	
  range	
  of	
  users	
  
From	
  climate	
  research	
  to	
  	
  

climate	
  impact	
  studies	
  &	
  climate	
  services	
  
Examples	
  

Climate	
  Impact	
  research	
  
PlaNorm	
  to	
  
Explore	
  data	
  	
  

Perform	
  computaKon	
  
Access	
  documentaKon	
  &	
  guidance	
  	
  

IS-­‐ENES	
  Climate4impact	
  Portal	
  
hRp://Climate4impact.eu	
  	
  	
  

Copernicus	
  Climate	
  Change	
  Service	
  

Paleoclimate	
  data	
  
Used	
  by	
  Paleoecology	
  

	
  
	
  
	
  
	
  



A strong added value for climate research 
Common basis for : 
Model evaluation  
Understanding 

Future climate (IPCC) 
Science driven but strong link with policy 

But also felt as a constraint by the community 

Organisation: bottom-up approach (WCRP/WGCM) 
Define standards (data and metadata) 

Including list of output variables (climate and users) 
Quite heavy & in evolution 

CMIP  



Serving society : challenge of climate services 
Serving impact research and climate services (data requests) 

Ease access/use for a non specialist community 
How to integrate socio-economic data  

CMIP  

Challenges for ICT 
At the limit of what is possible (HPC, data) 

Still heavy to use 
Need to ease analyses / evaluation 

Issue of integrating with other data sources  
(observations, reanalyses) 

Need recognise long-term research infrastructure 
Missing international funding 


