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Modeling Intercomparison Project Cycles 

WCRP & WGNE 
 

AMIP (atmosphere only) started in 1990 – PCMDI -  Larry Gates vison 
From then the “MIP family” has grown (PMIP the second one in 1991) 

  
Working Group on Coupled Models (since 1995): CMIP 

WCRP Working Group on Coupled Models 
CMIP + other MIPs -  used in TAR 
CMIP3 + other MIPs -  used in AR4 

CMIP5 : NEW DESIGN, more extensive - used in AR5 
CMIP6 starting now 

 

Coordinated numerical experiments  
In support of climate science & larger user communities 

Extensively used for IPCC ARs: 
Model evaluation / Future climate / Process studies 

 
Common database & common analyses 

CMIP3 : > 250 publications (2007)  /  CMIP5 > 750 publications (2014) 
2500 registered users               /        2014 : ESGF 10 000 users 
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AOGCMs & ESMs 

 

Taylor et al., 
( BAMS, 2011) 



Status of CMIP5 experiments 

	
  
7	
  in	
  Europe	
  

1 Canada 

 6 USA 

 1 Russia  

 5 China / 1 Korea  

4 Japan 

2 Australia 

27 modelling groups 
58 models  
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Projections of future climate change 
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CMIP5 



Hawkins and Sutton, BAMS, 2009 
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Model projections: 
Sources of uncertainties 
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Socio-economic scenarios 
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Decadal climate predictions 

Multi-model decadal predictions 
10 yr simulations at every 5 years 
With ocean initial conditions 

CMIP5 

Doblas-Reyes (2013) 

Observations 

With 

Without 

SAT: Surface Air Temperature 

Initialisation  
of ocean 

Simulations 

See talk by Francisco Doblas-Reyes 
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Future Climate Changes, Risk and Impacts Topic 2
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Figure 2.2 |  Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model mean projections (i.e., the average of the model projections available) for the 2081–2100 
period under the RCP2.6 (left) and RCP8.5 (right) scenarios for (a) change in annual mean surface temperature and (b) change in annual mean precipitation, in percentages, and 
(c) change in average sea level. Changes are shown relative to the 1986–2005 period. The number of CMIP5 models used to calculate the multi-model mean is indicated in the 
upper right corner of each panel. Stippling (dots) on (a) and (b) indicates regions where the projected change is large compared to natural internal variability (i.e., greater than two 
standard deviations of internal variability in 20-year means) and where 90% of the models agree on the sign of change. Hatching (diagonal lines) on (a) and (b) shows regions 
where the projected change is less than one standard deviation of natural internal variability in 20-year means. {WGI Figure SPM.8, Figure 13.20, Box 12.1}

IPCC AR5 SYR 



Ref: from Doutriaux and Taylor, 4th ESGF meeting, 12/2014 

Adoption of common standards/
conventions for the: 

Structure and format of climate data    
Metadata used to describe climate data 
Vocabulary used for categorizing the 

diversity of model output 
& Documentation of Model/experiments 

(ES-DOC) 

Standardization enables/facilitates 
Automation in the preparation of model 

output 
Analysis by researchers using uniform 
methods for reading and interpreting data 

Unique identification of files 
Sharing of data across the ESGF network 

A common infrastructure 
distributed database & standards 

See my talk at 
CDS WK 

CMIP5: 2 PB 



	
  
	
  

RCP 2.6 RCP 8.5 

Small changes (< σ) Large changes (> 2 σ)  
90% models agree on sign 

Multi-model ensemble : informs on robustness of changes 
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[27] Models and reanalyses particularly overestimate the
number of ice days (ID, see auxiliary material, Figure S5),
and thus simulate more cold extremes in comparison to
HadEX2, whereas CMIP5 simulates fewer ID than CMIP3
in most regions. On the other hand, in tropical regions, such
as the Amazon Basin (AMZ), Central America (CAM), and
South Africa (SAF), the models and reanalyses generally
simulate warmer temperature extremes (e.g., TXx, SU, and
tropical nights (TR)) as compared to HadEX2 with no
distinct differences between CMIP3 and CMIP5.

[28] The models and reanalyses also disagree with
HadEX2 for the DTR (Figure 3c) with HadEX2 showing
much larger values than the median of CMIP3 and CMIP5.
Particularly, at high northern latitudes (e.g., ALA and
GRL), CMIP5 models estimate warmer TXx and colder
TNn than CMIP3 models, and also exhibit greater DTR.
HadEX2 values may be biased by poor observational
network coverage in these regions (e.g., ALA and GRL)
with stations located predominately in coastal areas [see
Alexander et al., 2006; Donat et al., 2013]. In most regions,
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Figure 3. Box-and-whisker plots for temperature indices calculated from 18 CMIP3 (grey) and 31
CMIP5 (black) models. The boxes indicate the interquartile model spread (range between the 25th and
75th quantiles), the black/grey solid marks within the boxes show the multimodel median and the whiskers
indicate the total intermodel range. For the regional averages, a spatio-temporal variable land mask
according to the availability of the HadEX2 indices was applied. Displayed are only regions where at least
10 grid points and 25% of grid boxes within a region over the time period 1981–2000 were covered by the
respective HadEX2 index, indicated as a green cross. The reanalyses are indicated in different shapes
for ERA40 (blue), ERA-Interim (cyan), NCEP1 (red), and NCEP2 (orange). The 21 subregions are
color-coded according to Figure 1.
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Sillmann et al, JGR, 2013  

or 25% of the total land points in the particular region are
excluded from the box plot summaries.
[18] For the time series and model metric performance

analysis we consider all grid points over land. We particularly
concentrate on land areas in this study, because (1) the impacts
of temperature and precipitation extremes are of particular
concern over populated land areas and (2) the observation-
based HadEX2 indices are not available over ocean.

3.2. Model Performance Metrics
[19] Given the large number of indices and models

analyzed in this study, we use a metric approach to assess
model performance similar to that advocated by Gleckler
et al. [2008] (hereafter referred to as G08), which is
based on the root-mean-square errors (RMSEs) of model cli-
matologies. This provides a compact graphical overview
of model performance relative to each other for various
climate parameters.
[20] The model climate is assessed with respect to the four

reanalyses (cf. section 2.3). In this analysis RMSEs are
computed for the annual climatologies of indices rather than
for their annual cycle (as in G08) because most indices are
defined on an annual basis. The RMSEs are calculated for
land only in four domains: global, Northern Hemisphere
extratropics (NH, 20!N–90!N), Southern Hemisphere
extratropics (SH, 20!S–90!S), and Tropics (Tr, 20!N–20!S)
as in G08. We first calculate the 20 year 1981–2000 annual
climatology for each index. The RMSE is then calculated as

RMSEXY ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
< X # Yð Þ2 >

q
(1)

where X represents the model climatology of an index, Y is
the corresponding climatology in the reanalysis, and the
angular brackets denote spatial averaging over a particular
domain (global, NH, SH, or Tr). The collection of RMSEs
for all models is then used to derive the relative model error
for each model, RMSE’xy, defined as

RMSE’xy ¼ RMSEXY # RMSEmedian

RMSEmedian
(2)

where RMSEmedian is the median of RMSE for all models
(as in G08).
[21] RMSE’xy provides an indication of a model’s

performance relative to the other models, with respect to a
particular reanalysis. The median error RMSEmedian
represents typical model performance in the multimodel
ensemble. This is not to be confused with the performance
of the median (or mean) model. The latter is obtained by first
computing the multimodel median (or mean) of an index,
and deriving RMSE0 statistics for this multimodel estimate.
Negative values of RMSE0 indicate that the corresponding
model performs better than the majority (50%) of models.
RMSE0 values for all models and all indices obtained for
four reanalyses are summarized in a so-called “portrait”
diagram (G08). We complement it with an indicator of
overall model performance that is obtained by averaging
RMSEmedian values across all indices and is referred to as
RSMEall.
[22] The original “portrait” diagram in G08 displays only

relative model performance to each other, but it does not
inform about the absolute magnitude of errors in the
multimodel ensemble with respect to the reanalyses. We
therefore display the multimodel median RMSE for each
index standardized by the spatial standard deviation of the
index climatology in the reanalyses

RMSEmedian;std ¼ RMSEmedian=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
< Y# < Y >ð Þ2 >

q
(3)

where Y is the index climatology in the reanalysis, and the
expression in the denominator is its spatial standard
deviation over global land. Values close to zero indicate that
model errors are small as compared to typical spatial
variations of the index on a global scale.

Figure 1. Subregions over land adapted from Giorgi and Francisco [2000] (cf. their Table 2) and color-
coded according to the continents, Australia (blue), South America (green), North America (purple),
Africa (red), Europe (yellow), and Asia (cyan).
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global error was initially subtracted. For precipitation
the error reduces faster than for temperature and even
a weak smoothing significantly improves the agreement
with observation.

The ranking of the models (from the error point of
view) depends on the spatial scale considered. In general,
a model performing well on small scales tends to also
perform well after smoothing while the opposite is not
necessarily true. Because the models get more and more
similar with increasing spatial scales, performing well
at large scales does not guarantee good agreement with
the observation-based dataset at smaller scales. A more
detailed study of how such model rankings evolve over
time is given later in section 3e. Two observational da-
tasets (CMAP and GPCP) are available in the case of

precipitation. If one reference is treated as the true data and
the other serves as an additional model, the best performing
model at local scales is the alternative observation-based
dataset. However, that is not true at large scales. In the case
of CMAP being the reference, GPCP is even among the
five worst models. Not surprisingly, both datasets differ
from all models on small scales because the models are
unable to resolve some small-scale patterns, while this does
not seem to hold for large scales. Without judging which
observation-based dataset is more realistic, this analysis
highlights that observational uncertainty in variables other
than temperature may be large and should be considered
when developing metrics for model evaluation.

In contrast to the error, s s is monotonically increasing,
as shown in Fig. 3. For the smallest smoothing, s s is near

FIG. 2. Global average of the absolute value of the error as function of l, for each CMIP3 model. (a) Temperature
(ERA-40 as reference) and (b) precipitation (CMAP as reference) for the period 1980–99. Smoothing the data
reduces the error between simulation and observation.

FIG. 3. Global average of ss as function of l for each CMIP3 model and for (a) temperature and (b) precipitation
for the period 1980–99. The spatial variation is defined as the spatial standard deviation of the variable within
a given spatial area. The larger the spatial scale, the larger the standard deviation of the variable encompassed by
the smoothing.
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Impact models: use of bias corrected GCM simulations 

Temperature change  
at which ecosystems are at severe risk of change 

ISIMIP from CMIP5 

Warszawski et al. ERL (2013) 

Caminade et al., PNAS (2013) 

Impact on malaria distribution 

Environ. Res. Lett. 8 (2013) 044018 L Warszawski et al

Figure 4. Median 1GMT (averaged over a 30-year window), across all ecosystem models and RCP 8.5 climate runs (ensuring that all runs
reach 1GMT = 4 �C), at which the ecosystem is projected to first be at risk of severe change (0 > 0.3, during the period 1994–2084). Each
pixel is coloured according to the median temperature across all RCP 8.5 GCM runs above which severe ecosystem change is projected. In
the case that a severe change is not experienced, pixels are coloured grey. Where fractional vegetation cover is less than 2.5%, pixels remain
white. Where more than half the models do not cross the 0 = 0.3 threshold, pixels are coloured grey. White cells have either <50%
naturally vegetated land surface according to [28] or <2.5% vegetation cover. The spread in the value of 0 arising from GCMs and
ecosystem models is shown in figure 5.

the differences in process implementation across the GVMs
lead to the greatest discrepancy in projections of ecosystem
change. Global aggregations such as reported in figure 3
should therefore be treated cautiously, as they can obscure the
fact that these global values arise from significantly different
spatial distributions of change.

2.4. Model agreement and uncertainty

At 1GMT = 4 �C (reached only using RCP 8.5; see table S3),
the uncertainty in 0 arising from the GVMs is on average
approximately twice as large as the uncertainty arising
from the GCMs (shown as the standard deviation in 0

across GCMs and GVMs in the top and bottom panels
of figure 5 respectively). The standard deviation across the
ecosystem models is particular high in south-eastern North
America, Turkey, south-east Australia, the Tibetan Plateau,
south-east India, Canada and southern South America. In
many of these regions, LPJmL and Hybrid project relatively
large changes in vegetation composition, which cannot
be mimicked in those models without dynamic vegetation
composition. Additionally, differences across impact models
are considerably more pronounced at 1GMT = 4 �C
compared to 2 �C (see figure S16, available at stacks.iop.org/
ERL/8/044018/mmedia), in line with the conclusions drawn
from figure 2. Major differences in the behaviour of stomatal
conductance in response to vapour pressure deficit may
contribute to spread in the ecosystem models, in particular
in tropical forests. Mortality is also handled differently across
the models, which contributes to the factor of two difference in
carbon residence times across the models [46], and contributes
particularly strongly to the uncertainty in 0 projections in
the northern latitude boreal forests. In addition, the shifts
in this region are driven strongly by the response, among

other processes, of water-use efficiency to atmospheric CO2
concentration, which is shown in figure S3 (available at
stacks.iop.org/ERL/8/044018/mmedia) to vary greatly across
the ecosystem models. Despite these differences in the
magnitude of 0, at 1GMT = 4 �C approximately 60% of
all combinations of ecosystem model and GCM project 0 >

0.3 across the northern Amazon forest, southern India and
the Tibetan Plateau (see figure S17 for the percentage of
model runs agreeing on 0 > 0.3 at different levels of global
warming, available at stacks.iop.org/ERL/8/044018/mmedia).

Uncertainty in the projections of risk of ecosystem
change arising from the GCMs dominates the Sahel region,
where the median temperature at which the median 0 first
exceeds 0.3 is 2.5 �C < 1GMT < 3.5 �C and water fluxes
dominate 0 (see figure 1). 0 in the monsoon region of India is
also dominated by uncertainty arising from the GCMs, where
the relative change in discharge compared to present day is
also projected to increase by over 30% based on multi-model
projections conducted as part of ISI-MIP [49]. It is interesting
to note that very few of the regions of projected risk of
severe ecosystem change correspond to regions projected to
get drier under climate change. This most likely arises from
the increased water-use efficiency of plants under elevated
atmospheric CO2, which help to counter this effect.

2.5. Biodiversity hotspots

In many cases, the regions projected to be threatened by
severe ecosystem change at 1GMT > 2 �C coincide with
regions that harbour exceptional biodiversity according to
‘The Global 200’ (compiled by [42] and comprising 142
terrestrial regions, see figure S18, available at stacks.iop.org/
ERL/8/044018/mmedia). This set of regions was selected by
analysing patterns of biodiversity to identify distinctive and
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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

Updated climate models 
Improved resolution 
Process studies to improve models 



Summer precipitation 2005  
Simulations 

global climate model HADGEM3 
Resolutions  135km à 12km 
PRACE UPSCALE project  

Courtesy ofPL Vidale (NCAS) &  M. Roberts (MO/HC) 
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Observations 

HiResMIP :  
investigate 25 km resolution 
1950-2050 - AMIP / Coupled 

R. Haarsma& M/ Roberts 
 

H2020 PRIMAVERA Project 
M. Roberts & P.L. Vidale 

Towards higher spatial resolution 



Infrastructure Strategy Roadmap 
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NASA 

http://enes.org/ 



Observa7ons	
  
CALIPSO-­‐GOCCP	
  

Cesana and Chepfer 
GRL, 2012 

Models	
  

Models	
  

Need to improve model parameterisations 
e.g. clouds 



Réchauffement estival 

Deser et al., 2012, Nature Climate Change  

L. Terray, Workshop Adaptation and uncertainties, June 2012, http://www.gisclimat.fr  

Better documented uncertainties associated  
with internal variability 

Simulations 

CESM  
40 member  

ensemble 



Climate Information Platform for Copernicus 

www.clipc.eu 
This project has received funding from the European Union’s Seventh Framework Programme for research, technological development and demonstration under grant agreement no 607418 

 
●  Need multiple access routes – uncluttered for the expert user, with 

detailed guidance and explanation of options for others; 
●  Clear need for a stable interface – research project portals which 

come and go will not meet user needs; 
●  Regular data updates; 
●  Clear guidance; 
●  Multiple data formats; 
●  Etc; 

User requirements capture (summary) 
 

IS-ENES, Circle2 Eranet and EEA 
Data needs for the impact community 
Copenhagen, 11-12 january 2011 
 
Access to both global and regional climate change simulations 
Need for processing tools and processed data 
Provide guidance on uncertainties and how to use climate models results 
Eventually provide different sources of information in one linked system 
Improve access to data and training 
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Definition of the CLIPC common European domain 

Background 
CLIPC Work Package 6 will deliver transformed data derived from climate projections at 
three different resolutions. The three resolution classes are not precisely defined but intended 
to represent three major and different data sources: global climate projections from the 
CMIP5 dataset (~100-300 km resolution), regional climate projections from the Euro-
CORDEX EUR44 (~50 km), and from the Euro-CORDEX EUR11 (~12km) datasets. 
Typically, additional datasets will be categorised as belonging to one of these depending on 
spatial coverage and/or spatial resolution.  

Aim 
To produce data for Europe it is necessary to define a common overlapping domain that is 
covered by all datasets to be used. Within each of these three resolution classes from 
different sources are not necessarily perfectly congruent in terms of their grid definition. The 
aim of this document is to provide a definition of a common minimum region that all 
products should aim to cover when possible. For some datasets only a smaller domain is 
covered, and they can of course still be used. This definition focuses on datasets covering a 
large region where spatial subsetting is warranted. 
This document defines the smallest domain that still covers all of the regional climate 
projections datasets. In concrete terms it answers the question “What subregion of the global 
reanalyses and global climate projections should be used for Europe?” 
Definition of a common domain is intended to serve practical purposes when working with 
different European datasets. It is not to be used to constrain the applicability of methods and 
tools to this specific region.  

 
 
 

 
 

 
 
 

 
Figure 1. The full EURO4M MESAN domain 
(red) and the CORDEX EUR11 domain (yellow). 

 

Definition of the minimum domain 
The following considerations are involved in the defining the minimum domain: 

• The CMIP5 dataset has global coverage. Output from different models has different 
spatial resolution but the data of interest here is held on a latitude longitude mesh. 

IS-ENES Climate4impact portal 



Strengths 
Coordinated large ensemble:  

 Better ensemble mean, range of uncertainty  
 Set of consistent experiments 
 Well evaluated 

Source for downscaling, computation of various indicators 
Infrastructure: common database with common standards for data & metadata 

Weaknesses / Limitations 

Limited resolution, better at large regional scale (>2000 km)  
Biases 
 

Downscaling & bias corrections  
CORDEX added value - Also with limitations 

Perspectives 
New CMIP6 set: increased model resolution, improved processes 

 CMIP6 and beyond: future global  coupled simulations at 25 km 
 Strong limitations of computing power 

Summary 

C3S Access to projections : CMIP as a strong basis 
 Overview of climate changes – complemented by CORDEX 

               Source for tailored downscaling and indicators 
               Need for guidance 



Thank you !   

SeaWIFS Project (NASA/GSFC et Orbimage) 


