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1. Translation of user requirements into validation requirements
2. Satellite data selection, filtering and post-processing
3. Data content study (DCS) of satellite dataset
4. Information content study (ICS) of satellite dataset
5. Selection and characterisation of correlative data
6. Identification and characterisation of co-located data pairs
7. Homogenization: Resampling, smoothing, and conversions 

of representation systems and units
8. Data comparisons: bias, spread, stability, dependences…
9. Error budget of data comparisons => QA of ex-ante error bars
10. Derivation of fit-for-purpose Quality Indicators
11. QI based verification of compliance with user requirements

Generic QA / Validation Suite
(with on/off switches)
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ESA CCI Ozone 

QA / Validation Process
for Nadir Ozone Profile Retrievals

QA4CV type traceability chain of geophysical validation process
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Post‐processing, filtering…
Algorithm #1

Algorithm #2
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Information content
• Eigenvalues & eigenvectors of AKs
• (L)DFS 
• Shannon IC, entropy
• Fisher IC / MQQ [Ceccherini et al., Opt. Exp., 2012]

Vertical sensitivity
• Sum of row of AKs

Vertical resolution
• Backus-Gilbert spread
• Other estimates

Altitude registration
• Centroïd

Information Content Studies
Analysis of vertical Averaging Kernels

8



Information Content Studies
Analysis of vertical Averaging Kernels
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Information content characterization
Pieces of independent information

Dependence on ozone slant column

Algorithm #1 Algorithm #2

Algorithm #1 Algorithm #2

Information Content Studies
Analysis of vertical Averaging Kernels
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Domain of application
Co-location processing, analysis and documentation
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Profile:                            Covariance matrix:
Several ways for averaging kernel matrix conversions…

xMx  TMSMS 

 Conversion from pressure and temperature 
profiles or vertical grid definitions 

Conversion from available ozone profile 
vectors 
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Resampling, smoothing, 
unit conversions……
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Resampling, unit conversions 
etc.

Different data manipulations and 
validation processes can provide 
different results, sometimes with 
complementary perspectives. It is often 
valuable (and more scientific) to apply 
and compare several methods rather 
than select only one !

Keppens et al., AMT 2015

Resampling, smoothing, 
unit conversions……
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Data comparisons

Data comparisons
Quality Indicators and their statistics
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NADIR L2 Alt. URD / PVP GOME (1997) GOME-2A (2007-2008)
Filtering ~ 3 % ~ 10 %

Geographical 
sampling

SAA and mid-Asia missing SAA missing

DFS 5 to 5.5 5 to 6
Vertical 

resolution 
(resolving length 

estimate)

TS 6 km to TS-
col.

> 50 km > 50 km

UT/LS 3 to 6 km 10 to 20 km 10 to 20 km
MA 3 to 10 km > 50 km > 50 km

Height 
registration offset

TS
/

5 to 20 km (SZA dep.) 5 to 20 km (SZA dep.)
UT/LS negligible negligible
MA -10 to -30 km -10 to -30 km

Accuracy (bias) TS
/

-10 to -30 % (-5 DU) 7 to 8 % (1 DU)
UT/LS -5 to 15 % (-2 to 5 DU) 1 to 4 % (1 DU)
MA -15 to 0 % (-3 to 0 DU) -15 to 0 % (-3 to 0 DU)

Temporal 
dependence

/ Hardly any Increased bias around and below TP for 
northern hemisphere winter

Meridian 
dependence

60-90

/

Negative bias around and below TP, small 
positive around ozone maximum

Negative bias around and below TP, positive 
around ozone maximum

30‐60 Negative bias below TP Negative bias below TP
0‐30 Increased bias below TP Increased bias below TP, related to bias for 

small SCD values
SCD dependence Relation with meridian dependence less clear Clearly related to meridian dependence

CF dependence Slightly decreasing (more negative) bias with CF Slightly decreasing (more negative) bias with CF
Comparison 

spread
TS

/
10 to 15 % (2 to 5 DU) 30 to 35 % (4 to 5 DU)

UT/LS 5 % (3 DU) 5 % (3 DU)
MA 5 to 10 % (0 to 3 DU) 5 to 10 % (0 to 3 DU)

Satellite random 
uncertainty

TS
/

10 to 40 % 10 to 30 %
UT/LS ~5% ~5%
MA 3 to 5 % 3 to 5 %

Total uncertainty TS 10% 14 to 50 % 12 to 36 %
UT/LS 8% 7 to 16 % 5 to 7 %
MA 8% 3 to 18 % 3 to 18 %

Validation reporting
Compliance with user requiremennts


