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Although not obligatory, 
current SITSats have chosen 
non-sun-synchronous orbits 
(polar for TRUTHS, ISS for 
CPF) to enable frequent near-
synchronous match-ups with 
other sensors to facilitate 
improved transfer of their 
calibration to the sensor-
under-test (SUT).  This can 
be nadir, or by agility, aligning 
the SITSat sensor to the 
same view angle as the SUT. 

In addition to direct match-ups, SiTSats
can also upgrade existing Cal/Val 
infrastructures [7]

Task Group
To improve international 
coordination, awareness of the 
benefits, utility and develop a long-
term strategy, CEOS and GSICS 
formed a SITSat task group. 
The task group, led by the authors 
of this poster, is composed of 
members from 13 space agencies.  
Although the initial focus is on the 
solar reflective spectral region, the 
concept and task group vision 
incorporates all technical domains.  
The groups initial objectives are to:
• Establish a clear definition
• Develop a communication 

strategy, website etc
• Agree on how to evidence 

traceability and uncertainty
• Collaboration on calibration 

dissemination methods
• Consider data distribution –

formats/grids/access portals
• White paper on an EO observing 

system enabled by SITSats
• Encouragement of SITSats for 

other domains and sustainability 
of those in development. 

• Exchange information

New Class of sensors
CEOS, GSICS & others, including GCOS, have, particularly over 
the last decade, identified the requirement for robust, 
unambiguous high-accuracy SI-Traceable references in space 
[1,2].  Missions such as ESA TRUTHS [4,5] and NASA 
CLARREO (now in pathfinder form, CPF [3,6]) together with 
similar efforts in China were noted as a means to change the EO 
Cal/Val paradigm, in the optical domain.  In addition to providing 
benchmark science data of unprecedented accuracy they could 
also serve as reference satellites to transfer their uncertainty to 
other satellites in orbit. Enabling improvements to some to 
address climate trend detection [1] and in some cases, simply 
providing the means to enable trustworthy interoperability of 
commercial data with that of the agency missions.  
The name SITSat name (SI-Traceable satellites) was born.

Need
CEOS WGCV and WMO-GSICS, 
as representative bodies of 
international satellite Cal/Val, have 
long recognised the need to 
assess biases and harmonise 
satellites sensors to enable an 
interoperable Global Earth 
observing system. 
They have developed strategies to 
utilise (and encourage use of) 
common references to facilitate 
harmonisation- some on the 
ground e.g. stable deserts, some 
in space e.g. the moon and cross-
calibration between satellites 
where typically one satellite is 
considered the reference [1,2].  

A SITSat is a satellite-based sensor which can provide and verifiably 
evidence, in a fully open and transparent manner, all significant 
contributions to the uncertainty of its measurements, metrologically 
traceable to the international system of units, SI, at the location 
and time from where they are made. In addition, this uncertainty must 
be at a level that is considered by the community to be of ‘Fiducial 
reference’ quality, i.e., that for a defined spectral domain/application 
it can be considered ‘state-of-the-art’ and able to unequivocally serve 
as a reference for similar measurements from other sensors. The 
uncertainty of a SITSat should be expected to reach or at least 
approach that required for key climate science objectives such 
as those identified in the “SI-Traceable Space-based Climate 
Observing System: a CEOS and GCICS Workshop” ( 
https://doi.org/10.47120/npl.9319 ). When used as a reference a 
SITSat would be expected to have a measurement uncertainty of 
<0.5 compared to that of its non-SITSat peers.

Note: 
1/ If used as a reference, the method used to compare with other sensors and its 
associated uncertainty to SI, should also be fully documented and evidenced.
2/ The nominal threshold uncertainty to be considered a SITSat for a particular 
type of measurement/application may increase or reduce over time commensurate 
with scientific consensus, currently this requires 2-10x improvement over current 
sensors. Although desirable in the long-term, it is not essential to have a SITSat
for all applications and sensor domains and thus the assignment of the 
classification to a sensor should only be made when the maturity and technology 
of a particular domain justifies it.
3/ A SITSat peer group would constitute ALL sensors making similar 
measurements (e.g., spatial and spectral range)

A Definition

Uncertainties of current observing system
(red) & climate need (green) [1].
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The higher the radiometric accuracy, 
the shorter the trend detection.

 timely inputs to policy-makers

However, the uncertainties 
achievable with this approach are 
generally far from that needed for 
demanding long-time base studies 
such as climate.

Space-based Intercalibration

A key requirement for a SITSat is to 
demonstrate, in a transparent manner, it’s 
‘low’ uncertainty at the location & time of 
use. Note this does not mean that 
everything must be calibrated in-orbit, 
only that any potential degradation of the 
calibration/characterisation from its SI-
traceable reference must be clearly 
accountable for by robust knowledge or 
other evidence. 
Uncertainty tree diagrams and associated 
effects tables, will, for example, be 
provided for the TRUTHS mission 
together with per pixel uncertainties and 
associated correlations.

Top left: time to detect a trend as a function of measurement uncertainty
(adapted from [3]. Top right: IPCC uncertainties in forecast climate. Bottom right:
Analysis from CNES showing self-consistency between sensor types but biases
in absolute levels between sensors!.

Gold-standard 
Reference in 

space

The observation track of TRUTHS
(green/yellow) overlapping with the
track of a sun-synchronous satellite
such as Sentinel 2 over the polar
region (Top). Bottom shows the
simultaneous (within 15 min) match-
ups of TRUTHS and Sentinel 2 over
a 6 month period.

SI-Traceable Uncertainties
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