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CORE-CLIMAX 
COordinating Earth observation data validation for RE-analysis for CLIMAte ServiceS 
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CORE-CLIMAX Objectives 
 

1) Coordinate with Earth Observation and climate change projects; 
2) Propose a structured process for delivering ECVs – Essential Climate 

Variables; 
3) Propose a validation process for qualifying the accuracy of the climate 

variables; 
4) Propose a feedback mechanism ensuring that the results of the re-analysis 

process get appropriately reflected into updates of the CDR - Climate data 
Records; 

5) Propose a process to compare re-analyses. 
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CORE-CLIMAX work packages 
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CORE-CLIMAX
WP1: 
Project 
Management
(ITC)

WP3 
Validation process

(ITC,
EUMETSAT,ECMWF, 
DWD,VITO, FMI, MTF,

ITP, CAREERI )

WP4 
Reanalysis feedback to 

CDR updates

(ECMWF,
EUMETSAT, DWD, ITC)

WP5
Intercomparing 

reanalysis results

(FMI, DWD, ECMWF)

Advisory Board
Individual experts

Feedback Information

WP2 
European ECV 
capability and 

structured ECV process

(EUMETSAT, ITC,VITO
DWD, FMI, MTF)

REA
(Project Officer)

Mandatory Information

Advisory Information

WP6
Dissemination, 
outreach and 

capacity building

(ITC, EUMETSAT, 
ECMWF, DWD, FMI)
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WP2: European ECV capability and structured ECV process   

D2.21 Template for ECV climate data 
record description The most important facts relevant to ECV Climate Data 

D2.22 Description of adapted maturity 
index 

To provide instruction on how to use the CORE-CLIMAX 
SMM to assess the maturity of CDR 

D2.23 
Report containing the output of a 
self assessment of producers using 
the adapted maturity matrix 

This is merged with De2.25 

D2.24 
Electronic Data Base containing 
the results of self assessment and 
independent assessment 

Database containing data-sets and analysis output. 
 

D2.25 

Assessment of the European 
capability to derive GCOS ECV 
records based on the maturity 
analysis 

To document the capacity assessment conducted on 
behalf of the CORE-CLIMAX consortium on the 
European ECV CDR development. 

D2.26 
White book on description of the 
structured process to derive ECV 
data records for GMES services 

As the deliverable title, it is under preparation based 
on the existing CORE-CLIMAX project results. 
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 
 

 

 

 
 
 

Delivered 

Drafted 

Under 
Progress 

 
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Tools Used by CORE-CLIMAX Project 
• Three elements for a capability assessment: 

Data Record Inventories that contain technical specifications 
and links to documented information on quality; 
A System Maturity Matrix (SMM) that evaluates if the 
production of the ECV CDR follows best practices for science, 
engineering and utilisation; 
An Application Performance Metric (APM) that evaluates the 
performance of an ECV CDR with respect to a specific 
application. 

• In addition User Requirements for each application, Technical 
Specifications and validation and/or data quality assessment 
results for each record are needed to ‘measure’ the performance. 
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The CORE-CLIMAX System Maturity Matrix  
Maturity  SOFTWARE 

READINESS METADATA USER DOCUMENTATION UNCERTAINTY 
CHARACTERISATION 

PUBLIC ACCESS,  
FEEDBACK, UPDATE UTILITY 

1 Conceptual 
development Little or none 

Draft description on the theoretical 
basis of the methodology. Peer 

reviewed paper on methodology in 
preparation 

Little or None Restricted  availability from PI Little or none  

2 Research grade code Research grade  

Description on the theoretical basis 
of the methodology. Peer reviewed 
paper on methodology published; 

draft validation report and user 
guide 

Standards defined, limited information 
on uncertainty and quality, preliminary 

validation 

Data avaliable from PI, feedback 
through scientific exchange, irregular 

updates by PI 

Science application 
demontstrated by 

publication 

3 

Research code following 
producers standards 

with some portability, 
reproducibility  

Research grade. Meets 
international standards for 

metadata, file naming 
conventions and file format for 

the dataset 

Public description on the theoretical 
basis of the methodology. Peer 

reviewed paper on methodology 
published. Peer reviewed Paper on 

the product in preparation; reviewed 
validation report and user guide 

Standards partially applied, information 
on uncertainty and quality identified, 

validation for selected locations 

Data, source code, and user 
documentation archived and publically 
available, feedback through scientifc 

exchange, irregular updates by PI 

Product is used by 
scientific community. 
Potential benefits for 

climate services  identified 

4 

Code with 
systematically applied 
standards, portability 
and reproducability  

tested  

Exists at file and collection 
level. Stable. Allows 

provenance tracking and 
reproducibility of dataset; 

Meets international standards 
for the dataset 

Public description on the theoretical 
basis of the methodology; Draft 
description on the operational 

concept of the methodology; Peer 
review papers on methodology and 
product published; public validation 

report and user guide 

Standards systematically applied, 
information on uncertainty and quality 
quantified and documented, validation 

for widely distributed locations and 
times; representativity and redundancy 

of information characterised 

Data, source code and documentation 
archived and under version control and 

publically available;  Operational 
quality monitoring under development; 
Known issues are public; Data provider 
establishes feedback mechanism; regular 

updates by PI  

Used by scientific 
community. Started to use 
in climate service.Societal 
and economical benefits 

discussed 

5 

Operational code 
following standards 
with known quality, 

documented, portable 
and reproducible  

Complete at file and collection 
level. Stable. Allows 

provenance tracking and 
reproducibility of dataset. 

Meets international standards 
for dataset 

All formal documents public and 
maintained by data provider; 

Several peer reviewed papers on 
methodology and product 

published. 

Standards systematically applied, errors 
quantified, participation in an 

international assessment; 
representativity and redundancy of 

information optimised 

Data, source code and documentation 
archived and under version control and 
publically available. Operational quality 
monitoring established; Known issues 
are public; Feedback mechanism and 

international data quality assessment are 
considered in periodical data record 

updates  

Widely used by scientific 
community. Societal and 

economic benefits are 
demonstrated.  

6 

Operational code fully 
compliant with 

standards; Stable and 
reproducible; portable 

and operationally 
efficient 

Updated and complete at file 
and collection level. Stable. 
Allows provenance tracking 

and reproducibility of dataset. 
Meets current international 

standards for dataset 

All formal documents public and 
maintained by data provider; 

Multiple peer reviewed papers on 
methodology and product 

published. 

Standards systematically applied, errors 
minimized, participation in multiple 

international  assessments; 
representativity and redundancy of 

information optimised 

As Level 5; capability for fast 
improvements in continuous data 

provisions established 

Widely used by multiple 
scientific communities. 

Influencing decision and 
policy making.  

              

1 & 2 Research Capability (RC) CORE-CLIMAX V2.0 (12/05/2013) 

3 & 4 Initial Operations Capability (IOC) 
5 & 6 Full Operations Capability (FOC) 

(J. Schulz) 
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The CORE-CLIMAX Application Performance Metric 
Performance 

Level   Length of Record Spatial Coverage Temporal 
Sampling  Spatial Sampling   Systematic 

Uncertainty (Bias)  

Random 
Uncertainty 
(Precision) 

Temporal Stability 
(Degree of 

Homogeneity) 

1 very short Too sparse/very 
limited coverage 

Very infrequent 
with respect to user 

requirement 

Very limited, only 
few locations 

Large and not very 
well quantified 

Much larger than 
UR and not very 
well quantified 

Inhomogeneous 

2 short Sparse/limited 
coverage 

Infrequent compared 
to user requirement 

Limited, more 
locations but badly 

distributed 
Large, but known Larger tan UR, but 

known Inhomogeneous 

3 
 

Not short, but not 
sufficient; may be 
used with care for 

some ECVs 

Sparse 
Frequent compared 
to user requirement, 

but not sufficient 

Minimal, maybe 
suffucient to sample 

spatial 
representativeness in 

some areas 

Above threshold 
UR, moderate and 

quantifiable 

Above threshold 
UR, moderate and 

quantifiable 

Homogenized, but 
there are still break-

points  

4 
Close to be 

sufficient but use 
with care 

Just sufficient 

Close to user 
requirement, but 
parts of temporal 

variability not 
observed, e.g. day or 

night only; 

Just suffiient to 
sample the spatial 

representativeness in 
certain areas 

Close to UR, 
moderate and 
quantifiable 

Close to UR, 
moderate and 
quantifiable 

Homogenized, but 
there are still break-

points  

5 Sufficient, use with 
confidence Sufficient 

Matching user 
requirment e.g., but 
diurnal cycle is not 

fully sampled;  

Just enough to 
sample the spatial 
representativeness  

Matching UR Matching UR Sufficiently 
homogeneous 

6  More than 
sufficient 

More than  
sufficient 

Much higher than 
user requirement, 

e.g., Diurnal cycle is 
fully sampled; no 

diurnal cycle 
aliasing 

Enough and more to 
capture the spatial 
representativeness 

Better than UR Better than UR  Homogeneous 

                
1 & 2 shall not be used 
3 & 4 usable with care 
5 & 6 perfectly suited for application  

(J. Schulz) 
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SMM Web-Tool 
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Assessment Report 
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WP3: Validation process 
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D3.31 
Protocol for verifying, monitoring, 
calibrating and validating FCDRs 
and TCDRs of the CDRs/ECVs 

A harmonized approach for each ECV/CDR/FCDR, based 
on SMM. 

D3.32 Generic list for validation strategy 
for CRDs/ECVs Analysis of ECV/CDR validation network and strategy 

D3.33 Assessment report on consistency 
of the CDRs/ECVs Analysis of ECV/CDR consistency validation 

 
 
 

Delivered 

Drafted 

Under 
Progress 

 
 
 
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Why validate ? – consistency of ECVs 
(A. Cross-validation of multiple independent datasets) 

16 
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Tibetan Plateau observatory of plateau scale soil moisture 
and soil temperature (Tibet-Obs)  

Su et al. 2011, Hydrol. Earth Syst. Sci., 

www.hydrol-earth-syst-sci.net/15/2303/2011/ 

http://www.hydrol-earth-syst-sci.net/15/2303/2011/
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Maqu SMST Network – validation results 
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Ngari SMST Network – validation results 
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Global Framework of Climate Services 

A schematic illustration of the pillars of the Framework, with the indication that 
the Capacity Development component encompasses the other components. 
Arrows depict flows of information and feedback. 
 

 
Our response 
 
FP 7 CORE-CLIMAX: 
COordinating Earth observation 
data validation for RE-analysis 
for CLIMAte ServiceS  

coreclimax.eu 
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B.  Cross-validation among different physically interrelated variables  
Spatial Water budget of the Yangtze River Basin 
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dS/dt 
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Land  Surface & Water Use 

River Outflow 
Groundwater 

Changes in Water Budget 

Rain Snow evaporation 

Surface Water 
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Yangtze River Basin 
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•Upper Yangtze reach, from Tuotuohe, to Yichang.  
•Middle reach from Yichang to Hukou.   
•Lower reach extends from Hukou to the river mouth near Shanghai.  
•Cuntan, Yichang, Hankou, and Datong are four gauging stations located along the 
mainstream of the Yangtze. 
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Ex 3: Closure of Water Cycle over a river basin 

Total water Storage(TWS) 

In-situ & satellite  
Observations 

Reanalysis 

Satellite Observations 
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Upper reach TWS anomaly 

(v: RL04 ssv201008) 



26 

Cumulative TWS anomaly at Upper Reach (Yichang station) 

GRACE data 
 (V: RL05.DSTvSCS1401) 

(v: RL04 ssv201008) 



- Diverse collections (national) 
- Changes in: measurement practice, 

instrumentation, station location,  total 
number of stations,  ownership, 
archives and storage systems, and 
quality control 

 
+ collected over many decades (also 

beyond 1900)  
+ measured with great care, 

documented with meta-data 

Or shall we just use in-situ data?  

(A. Kaiser-Weiss)  
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WP4: Reanalysis feedback mechanism to CDR updates 
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D4.41 
Procedure for feeding back 
improved ancillary data to assist 
CDR updates 

A range of measures was proposed to improve the CDR 
generation with ancillary data from reanalysis 
products, by using improved and consistent data from 
reanalysis products. 

D4.42 
Design of support infrastructure 
for CDR quality assessment in a 
reanalysis environment 

The main elements assisting CDR providers in making 
appropriate preparations for receiving maximum 
benefit from the feedback that the reanalysis 
environment can provide. 

D4.43 
Procedure for feeding back 
reanalysis results and plans on 
CDR updates 

How reanalysis teams can best communicate and 
exchange their needs for CDR updates 

 
 
 

Delivered 

Drafted 

Under 
Progress 

 

 

 
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Reanalysis Objective: Reconstruct the past 

“Model only”  
integration 

“Observations-only”  
climatology 

Reanalysis 

Gross exaggeration towards discontinuity 

Gross exaggeration towards continuity 

(P. Poli) 
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Why re-analyze? 
Overall aim is a greater time-consistency of the products 
AND improved understanding of past events (including 
extremes) by using state-of-the-art models and tools 

1 Feb 
1985 

1 Feb 
1985 

1 May 
2011 

1 May 
2011 

Was there a sudden change in 
South Pole summer variability in 1997? 

… probably not 

(P. Poli) 
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Procedure for feeding back improved ancillary data to assist CDR updates 
 

32 
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Design of support infrastructure for CDR quality assessment in a reanalysis environment 
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Procedure for feeding back reanalysis results and plans on CDR updates 
 

34 
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Regional and global reanalysis gives us a standard for comparing a 
multitude of in-situ data 

Keeping in mind:  biases, drifts, different kind of spatial, 
temporal, and physical representativity of parameters, and that 
more work is needed to relate these two worlds – in short: 

Reanalysis - dominated by larger scale  
station measurements - local effects 

(A. Kaiser-Weiss)  
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Frequency distributions of “good stations” match reasonably 
well with the reanalyses 

Daily mean wind speed between 2007 and 2009 at the Nuremberg station 
 
Can you guess which is from the station data, which from regional reanalysis, which from 
global reanalysis? (A. Kaiser-Weiss)  
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Reanalysis for  
 inter-annual variability 

Inter-annual variability of anomaly in seasonal mean wind speed from ERA-20C 

Example application: Some stations in the early eighties 
had suspiciously many calms in the 10m station winds. 
ERA-20C data did not confirm this change in frequency 
distribution. Conclusion: In earlier years, at some “bad 
stations”, there might not always have been properly 
distinguished between instrument failure and calm.  
 (A. Kaiser-Weiss)  
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Summary of feedback to CDR generation and comparison of 
reanalyses 

* Reanalysis can serve as a historical data quality control tool 
(among other ways of searching for problems in historical 
data). 

* Though 10m winds is surely not the best parameter to use 
from reanalysis, in our case (DWD station data) it was good 
enough to spot a bug, and to motivate search for more 
metadata. 

(A. Kaiser-Weiss)  
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WP5: Intercomparing reanalysis results 

coreclimax.itc.nl 39 

D5.51 

Webportal enquiry on 
uncertainties in the reanalyses and 
the effects of these to climate 
services 

An on-line survey was implemented with >2500 
respondents. 

D5.52 Analysis and summary of 
webportal survey 

The analysis focused on the awareness, skills and 
requirements of the respondents regarding utility and 
uncertainties in reanalyses, and the implications for 
delivering future climate services. 

D5.53 
Procedure for comparing 
reanalyses to asimilated 
observations and CDRs 

It presents a set of procedures for comparing 
reanalyses, and comparing reanalyses to assimilated 
observations and CDRs. 

D5.54 
Uncertainties and gaps in the 
different reanalyses and the 
effects of these to climate services 

Synthesis of what has been done in WP 5, and identify 
the uncertainties and gaps in reanalysis systems that 
need to be addressed in order to deliver better climate 
services. 

 
 
 

Delivered 

Drafted 

Under 
Progress 

 

 

 

 
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Analysis and summary of webportal survey 
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Analysis and summary of webportal survey 
 

41 
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Procedure for comparing reanalyses to asimilated observations and CDRs 
 

coreclimax.itc.nl 42 
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Uncertainties and gaps in the different reanalyses and the effects of these to climate services 
 

43 
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Summary overview 
1) CORE-CLIMAX has proposed a structured process for assessing European  

capability in delivering ECVs; 
• Using and contributing to data record inventories; 
• Using an updated System Maturity Matrix approach of ‘measuring’ if 

data records are produced with best practises for science and 
engineering; 

• Using a novel approach of an Application Performance Metric to break 
down comprehensive information on data record quality into a 
performance index; 

2) CORE-CLIMAX has proposed a validation process aiming at qualifying the 
accuracy of the climate variables; 

3) CORE-CLIMAX has created a feedback mechanism ensuring that the results 
of the re-analysis process get appropriately reflected into updates of the 
CDR. 

4) CORE-CLIMAX has developed a process to compare re-analyses. 
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Expectations to co-location meeting 

1) To solicit comments to the CORE-CLIMAX approaches & 
results 

2) To get updated with other relevant European projects 
3) To seek opportunities to take up achievements of CORE-

CLIMAX 
4) To coordinate further developments in generating CDRs 
5) To contribute to the C3S 

 

coreclimax.eu 
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Impacts and projections in water resources 
 

• Q1: What are observed 
impacts to water resources 
in Yangtze due to climate 
and human changes ? 

 

• Q2: Will the changes in the 
Yangtze River Basin 
influence the East Asian 
monsoon patterns? 

 

• Q3: What will be the 
spatial/temporal distribution 
of water (sediment) 
resources in 21st century ?  
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