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First minimize σ2 by optimizing the co-location 
criteria, 

then quantify the residual σ2 of the  irreducible 
mismatch
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• Comparisons to (ground-based) reference (or other correlative) data are essential to 
any validation exercise. 

• Satellite (m1) and correlative measurements (m2) should be consistent, not only 
within the limits set by the mission or user requirements, but also within their 
reported (“ex-ante”) uncertainties (u1 and u2).

• In the case of a perfect co-location, the 2nd requirement is essentially:
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Immler et al. (2010) on data comparisons in the context of GRUAN
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The uncertainty budget of a data comparison
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Validating measurements with their ex-ante 
uncertainties:  a χ2 test
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See for instance von Clarmann, ACP, v6, 2006
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Co-location mismatch: 
Differences in sampling and smoothing
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Co-location mismatch 
uncertainty:
• Should not dominate the

uncertainty budget
• Can contain both random and 

systematic components
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OSSSMOSE observing 
systems simulator with 3D 
metrology, applied to ERA 
and MERRA-2 4D fields.

Description in Verhoelst et al., AMT v8, 2015 
and Lambert et al., 42nd COSPAR GA, 2018

2

2

2

1

2

21 uukmm 

Assuming 3 co-located data sets, none of which are necessarily fiducial 
reference data with reliable ex-ante uncertainties, we can still derive the 
random uncertainty of each data set (Stoffelen, 1998, Gruber et al., 
2016): 

Applied by Hubert et al., AMTD, 2020, on TROPOMI, OMI, and 
GOME-2B tropical tropospheric O3:

Triple co-location

An essential aspect of all methods described here is the differentiation between random and systematic uncertainty components (and potentially the in-
between: structured random/systematic). This is picked up by both the satellite and ground-based communities, e.g. in the ISSI TUNER activity (PI: T. von
Clarmann) and the anticipated reprocessing with detailed uncertainty characterization by EUBrewNet and the Pandonia Global Network. Together with the
methods and quality indicators presented here, this facilitates a step-change in metrological traceability of the data sets by assessing the quality of the
measurements including their reported uncertainties.


