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A ‘gold standard’ reference spectrometer in space to support the climate emergency. E
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Fig 1: potential impacts of climate

change The higher the radiometric accuracy, the

=" signals/trends to be detected from a shorter the trend detection.
3. Observing Earth from space Although satellite sensors can be | o= ) =S background of natural variability = timely inputs to policy-makers
well-calibrated to Sl pre-launch, they are invariably stored for e — (noise). This requires decades 1O Fig 4: How uncertainty improves time to
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System (GCOS)

radiation & vacuum (see discoloration of glass, Fig 5.). On-board _ |
‘calibration’ systems suffer the same leaving in-flight uncertainties _ 5. Sl-Traceable Satellites, (SITSats) In 2001, NPL led an international
relatively large and biases between sensors, Fig 6. team to propose a novel satellite mission called Traceable Radiometry

4. Fiducial Reference Measurements (FRMs) Und_erpinning Terrestrial- and Helio- Studi_es (TRUTHS) to an ESA cgll
for ideas [6]. TRUTHS sought to establish a metrology capability in
space providing Sl-traceable calibrations to tother satellites in addition
to its own observations of the Earth and Sun at unprecedented
uncertainties of <0.5% for the Earth. Such satellites have now been
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Policy makers & other risk/financial sensitive
organisations need for robust evidence to take
reliable action led the worlds space agencies to
embrace the concepts of metrology, with the aim
to provide quantitative indicators of quality,
(although QA4EO was only formalised by
Committee on Earth Observation Satellites
(CEQS) in 2010 [4]).

To distinguish ‘field’ measurements undertaken
following metrological best practise, CEOS has
created criteria and associated assessment
process to certify satellite validation activities
iInto classes of FRM quality [9].
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designated as a new class, called SITSats.
The uncertainty was to be achieved on-board through the flight of a

primary Sl optical radiometric standard, a cryogenic radiometer and
associated equipment to mimic a pre-flight ground calibration.
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7. A metrology laboratory in space The highest accuracy pre-flight
radiometric calibration of an imaging optical sensor now uses
tuneable laser radiation as a source, Fig 10 a. This monochromatic
radiation is typically converted to radiance by reflection from a
diffusely reflecting panel or integrating sphere. The radiance is then
tied to

Fig 7:CEQS reference desert sites, soicalled
SSSSSS Pseudo Invariant Calibration sites (PICS).
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observing system (red) & limate yncertainties remain inadequate for
need (green) [3].

Sl-units through a solid-state detector
traceable to a cryogenic radiometer
(compares the heating effect of optical and
electrical power) [10,11]. For TRUTHS, this
chain is replicated, Fig 10b, - although
sunlight dispersed by a prism monochromator

climate. Photodiode Cfgfﬁge"tic replaces the laser as the radiation source.
raaijometer

6. TRUTHS was incorporated into the ESA Earthwatch program The only aspect that is not recalibrated in

: : : Fig 10a: Terrestrial pre-flight calibration traceability chain from cryogenic orbit is the absorptance of the cavitv absorber
in 2019, funded by a 4 partnershlp of nations led by the UK radiometer to instrument (HIS) using a tuneable laser. The STAR is an NPL facility P y

together with Switzerland, Czech Republic, Greece and incorporating a tuneable laser and integrating sphere for deployment in a clean of the Cryogenic Solar Absolute Radiometer
Romania and more recently Spain. This success was greatly| room to calibrate sensors under vacuum. (CSAR) (~0.99995) and the voltage/resistor

enhanced through a robust science case helped by efforts from references determining power,
a NASA project called CLARREO [7] which, in 2013 responded / oo
to a climate need of the US decadal survey [8]. HIS (camera)

9. Summary The S| has served terrestrial
science and commerce for 150 years through
provision of Invariant references and
principles to anchor and harmonise
measurements across the world and time. We

The mission comprises a hyperspectral imager (HIS) providing
spectrally continuous observations of the sun, Moon & Earth [9].

The spectral range and bandwidth allow it to address nearly 20
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changed in substance to that proposed in 2001. 8. Delivering Sl from space Following calibration (~fortnightly) the CSAR observes  |lshace.  FRMs and their space version
Measures incoming & Earth/Moon reflected radiation from the Sun changes in total energy arriving at the Earth from the Sun at <0.02% uncertainty and : : ’
+ 320 to 2400 nm @ ~4-6 nm BW (1 nm for solar UV) J 19y J 2 y SITSats, illustrate the journey and progress
: _(r;lobatl nadil;t@_ 5t0 mf%rgtl;nzikg?(zlutio:\ ((I:apgpility)rwit:_mo k)m swath the HIS mealsures elthe.r the sun or moon or Earth. | . that Sl is making Ta partnership with the
e e e e as the satellite moves into Earth eclipse or reflectance from the Earth during sun-lit Il i 1ote  observation community. fit for
Establishing a benchmark of the radiation state of the planet at ToA part of the orbit. TRUTHS thus establishes benchmarks to assess attribution to

purpose climate action.

(radiance/reflectance) & BoA surf reflectance to help enable:

changes in energy imbalance and various cycles (carbon/water) of the Earth system.
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Fig 9: What TRUTHS does! — performance & applications.
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satellite such as Sentinel 2 over the polar region (left). The right-hand picture shows the simultaneos (within 15
min) overlaps of TRUTHS and Sentinel 2 over a 6 month period.
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