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Introduction 

 The CCI Context 
 

 Objective of the CCI 
 

 CCI Achievements 
 

 Toward a CCI-2 



13 ESA CCI 
ECVs 

6 EUMETSAT 
SAF ECVs + Other providers, e.g. NOAA, 

NASA, GMES.... 

GCOS Essential Climate Variables (ECVs) 

Global Framework for 
Monitoring Climate 



CEOS IP for GEOSS in 2007 GEOSS 10-year plan in 2005 

CEOS response 2006 
New version in 2012 

GCOS-107 in 2006 
GCOS-154 in 2010 

GCOS-92 in 2004 
GCOS-138 in 2010 GCOS-82 in 2003 

Two climate action paths  



GEOSS IP 2005 GCOS IP 2004 

Part of  
GEO 
task 

CL-06-01 

ESA CCI: Production of 
Essential Climate Variables 
(ECV) according to GCOS 
requirements 

Precursor example 

ESA Ministerial Council, Nov 2008: 
Approval of 75.5 M€ for a six year programme that will contribute to about twenty 
satellite-based ECVs. A strong interaction with the scientific community is an 
essential part of the programme. (Funding since increased to 95 MEuro) 
 
The CCI initiative will ensure that ESA can play a full role in deriving relevant 
ECVs specified by GCOS, based on ESA current and archived EO data. ESA 
will work with CEOS agencies to ensure as complete a coverage of the entire 
suite of ECVs as possible. 



Objectives of the CCI 

Realise the full potential of the long-term 
global EO archives that ESA, together with its 
Member states, has established over the last 
thirty years ... 
 
 
... as a significant and timely contribution to 
the ECV databases required by the United 
Nations Framework Convention on Climate 
Change 

6 Years      > 90 Meuro 



CCI Objectives 

 Respond to GCOS Requirements for UNFCCC  
 

 Puts European scientists at the forefront of 
generating Satellite based Climate records.  
 

 Strengthen European Research Communities 
presence in IPCC Assessments  
 

 Take benefit of the 30 years investment of 
ESA Member States in EO Global 
Observations 



USERS 

GCOS WGClimate 
Consolidated 
Requirements 

ECV Carbon 
Cycle 

Water 
Cycle 

Precipitation Priority 2 Priority 1 

CO2 Priority 1 Priority 3 

Courtesy J. Bates 

Flow of Requirements to 
Products 



Achievements 

 Creation of a European EO Climate Science community  
 

 Facilitate the scientific cooperation between the 
Climate Observing and Modelling Communities  
 

 Develop a protocol for Climate Quality Algorithms 
Evaluation in an international context.  
 

 Delivered fully Error Characterised Climate Data sets, 
first for many ECVs  
 

 Provided up to date validated scientific data sets to 
support International Climate Policy and decision 
making. 



CCI Products Time Coverage 
Phase 2 

Cloud 

Ozone 

Aerosol 

GHG 

Sea Ice 

Sea Level 

SST 

Ocean Colour 

Glaciers 

Ice Sheet 

Land Cover 

Fire 

Soil Moisture 
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First community assessment of 
ice sheet losses 

Replaces 40+ estimates 

11 ± 4 mm SLR since 
1992 
2/3 from Greenland, 1/3 
from Antarctica 

Factor 2-3 more reliable 
than AR4 

Ice sheets up from 10% 
to 30% of SLR 

First complete assessment of 
Antarctica ice losses 

CryoSat surveys 96% of 
Antarctica 

Provides five times 
improved sampling of 
ice margin 

Detects twice as much 
thinning 

First complete global glacier 
inventory 

Includes 170k glaciers 

Allows ice loss double 
counting to be corrected 

Provides improved 
primary data source for 
predictive modelling 

Features heavily in AR5 

First complete survey of Arctic 
sea ice 

Requires full polar 
survey 

GCM’s still over-
estimate volume 

PIOMAS best model, but 
not predictive 

400 km3/yr decline 
2010-2013 

1500 km3 recovery in 
2014 



Further Achievements 

 Generate peer reviewed publications in high 
impact scientific journals by European 
Scientific Community ( >170 publications)  
 

 Pave the way for the ECV component of the 
Copernicus Climate Change Services, 
 

 Facilitate the Sea Level Closure Budget by 
strengthen dialogue between Glaciers, Ice 
Sheets and Sea Level research communities, 



CCI closure of the global sea 
level budget 1990-2014  



Comparing Land Cover 

2000 Brazil 2005 Brazil 2010 Brazil 



New land cover concept to 
enhance consistency among 

terrestrial ECVs  

annual 
inter-annual 

Land Cover State Land Cover Condition 

• NDVI 
•…. 

Occurrence 
Probability  
 

• Snow 
• Water 
• Burnt Areas 
•…. 

 
•  

Already existing products  
or specific detection algo. 

Map combining 
the FAO-LCCS 
classifiers  
in LC state class  

+ Uncertainty information at class level 

(Defourny et al., 2012) 

annual 
inter-annual 

describing the stable elements of  
terrestrial surfaces in a consistent way 

22  LC classes 

describing along the year the dynamic components 
of terrestrial surfaces (vegetation phenology, flooding,…). 

Multi-year time series 
analysis at pixel level. 



Assimilating SM into GLEAM 
Evapotranspiration Model  



CMUG Assessments of CCI 
CDRs 

 Target user: Climate Modelling & Re-
analysis community,  

 Provide an independent view of the 
datasets and associated uncertainties, 

 Study consistency between ECVs, 
 Demonstrate applications for climate 

modelling to accelerate use by the 
climate/reanalysis communities. 

UK Met, ECMWF, MPI-M, Meteo France + SMHI, DLR, University of Munich 



SST 

Error Components (BIPM), 
QA4EO,  
Maturity Index (Bates et al) 

 
“Physical” variability vs. artificial “Changes”  
in observing systems 



AMSR-E 
ASCAT end SMMR 

Loew et al., 20  

CCI – SM 

ERA – interim  

JSBACH 

Soil Moisture 



CCI soil moisture anomaly 



mg/m3 

GlobColour assim CCI assim 

July 2003 mean chlorophyll 



Global fCO2 error (2003) 

RMS error (μatm) Correlation 
Control 84.2 0.06 
GlobColour assim 70.8   (-16%) 0.38 
CCI assim 68.0   (-19%) 0.44 

In situ fCO2 
observations 
from SOCAT 

200 μatm 

300 

400 

500 



CMUG Phase 2 Data-Model 
Confrontation 

Task 3  Assessing 
consistency and 
quality of CCI 
products Model  
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Experiment type  
3.1 FOAM X X X X                 Assimilation 
3.2 ERA-Clim           X             Assimilation 
3.3 MACC-II           X X X         Assimilation  
3.4 JSBACH, TM3               X X X X   Assimilation 
3.5 LMDz, ORCHIDEE               X X X X   Boundary Condition 
3.6 MPI-OM, MPI-ESM X   X X X               Assimilation (Polar Regions) 
3.7 EMAC-MADE         X   X           Comparison 
3.8 RCA HARMONIE X       X         X     Comparison/Eval (CORDEX Africa) 
3.9 Arctic HYPE   X             X     X Assessment 

3.10 CNRM-RCM X X     X   X     X     Comparison (Med CORDEX) 
Task 4 Exploiting 
CCI products in 
MIP 
experiments                             

4.1 CNRM-CM, Arpege X   X       X   X X X   Boundary Cond 
4.2 IPSL-ESM X   X                   Boundary Cond 

Task 5  Adaption 
of climate 
evaluation tools 
for CCI needs                             

5.1 ESMVal X   X       X   X X X   Tech Infra ESMVal CMPI6 
5.2 ESMVal X   X       X   X X X   Int of CCI metrics 
5.4 CMF X X X X X X X X         Web interface CMF 



Re-analysis 



Climate Monitoring Facility 
(CMF) 

Courtesy David Tan, ECMWF 

HadISST2 new historical SST analysis including in-situ & EO (AATSR, AVHRR) 
for 1850-2010, 10 realisations 



Global mean total column O3 

 CCI Sdev  ERA-Interim is 
10DU lower 
than MACC or 
CCI and annual 
cycle is much 
less.  
 
MACC 
reduction in 
ozone in 
Autumn is 
more rapid than 
CCI.  
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Experimentation and impact assessment 

Bias analysis and error characterization 

Converter creation and data preparation 

O3 CCI data store 

Algorithm Round Robin Impact vertical resolut. Impact of viewing geom. 
GOME-

2 OMI 

SCIA MIPAS 

GOME-
2 

GOME-
2 

GOME-
2 MIPAS 

OMI TOMS (NASA) 
OMI DOAS (KNMI) 

MIPAS (ESA) 

GOME-2 (O3M SAF) 
SCIA (KNMI) 



 Instrumental anomalies? 
 GOME-SCIA adjustment (in 2002)? or 
 Real atmospheric signals? 
 They are likely real signal related to anomalous ozone changes at 

high latitudes in the NH (March 1997) and in the SH (split of the 
polar vortex in September 2002) 

Merged TCO3  (Glob mean anomaly) 



Meehl et al., EOS, 2014 

Goal: 
ESMValTool as 
one of the CMIP 
documentation 
functions to 
routinely assess 
the performance 
of CMIP DECK 
and CMIP6 
simulations 
running 
alongside the 
ESGF  

CMIP DECK 



• Relative error measures of CMIP5 model performance, based on the global seasonal-cycle climatology 
(1980–2005) computed from the historical CMIP5 experiments. Figure 9.8 of IPCC AR5 (Flato et al., 20137).  

• A similar figure will be produced for selected ESA CCI ECVs using ESA CCI as the reference data set and if 
available an alternate observational data set for comparison.  

Performance Metrics calculated  
with ESA CCI Data  



Data vs Model Confrontation 

 Multi-view assesssment 
- Confrontation (CMF) – Assimilation (Re-analysis) – BC 

Forcing (AMIP) – Process studies  
- Core-climax .. ? 

 Multi-variate consistency 
 Uptake Climate Modelling Community 

- Obs4MIPS, CMIP6 ESMVal metrics, ESGF 
- Feeding in other activities e.g. H2020 calls, ESA Ocean 

Heat Flux (GCOS) 



Glacier 
area  

Inventory 

Elevation change dh/dt 
trends 
from 

altimetry 

mean changes from 
DEM differencing 

Velocity 

Displacement 
Vectors 

But data 
need to be 
provided! 

Glacier products 



Toward a programme 
extension 

 Maintain European contribution to the CEOS 
coordinated response to GCOS, 
 

 Involve the European Science Community in 
the development of new ECVs, 
 

 Further enhance European Research 
Communities presence in IPCC Assessments, 
 

 Capitalise on new Research Missions to 
Global Climate Records. 
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