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Mission objectives ‘?&‘

TRUTHS is an operational climate-focused mission,
aiming to:

1.

Climate benchmarking: enhance by an order-of;
magnitude our ability to estimate the Earth
radiation budget gand attributions) through direct
measurements of incoming & outgoing energy,

. Satellites cross-calibration: establish a

‘metrology laboratory in space’ to create a fiducial
reference data set to cross-calibrate other
sensors and improve the quality of their data,
robustly anchored to a primary Sl reference in
space.

and
3. provide Sl-traceable measurements of the solar

spectrum to address direct science questions
and climate.
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Mission Products .wez
¥\

(0 L1: Earth-reflected Spectral Radiance (ToA), Solar Spectral Irradiance, Lunar Spectral
Irradiance — all in the range 320nm to 2400nm;

L1: Total Solar Irradiance integrated in the range 200nm to 30000nm:

Climate benchmark,

Q solar measurement

O L2: Spectral Surface Reflectance, at ground level (320nm to 2400nm); Earth science

U calibration coefficients & match-up products to determine biases for TBD other sensors I» Cross-calibration
over multi-scene types and view angles.
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The TRUTHS design is driven by:
O Radiometric demands of the climate application = Payload and calibration

O Geometric to optimally match other sensors (calibration) and secondary applications = FoV,
Swath & SNR

O Orbit: optimal sampling to quantify the climate and facilitate cross-calibration = Satellite and
launch
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Bandwidth (nm)

Spec Samp Int

~0.5 FWHM
<8 for < 1000

<16 for >1000

1 (<400),
<5 (<1000),
<10 (<2400)

200-30000

<8 for < 1000

<16 for >1000

Mission Requirement

Uncertainty (%)
(k=2)

0.3 (goal)

<1.0 (Threshold)

0.3 (goal)

<1.0 (Threshold)

<0.02 (goal)

0.05 (Threshold)

GIFOV (m)
SNR
@100 km Swath
>~50 250
300 NA
<500 NA
To not limit 50 - 100 m

uncertainty of

application Integrated up for
GHG/Ocean Col/Climate
>~150 @ 50 m

for 500-950nm Multi-angle sampling



Many & varied operational users

TRUTHS: Sl calibrated

Climate modelling centres

Numerical weather prediction agencies,
inc. producers of re-analysis products

Producers of climate ECV products: ECMWEF,
National Met Services, Copernicus C3S, ESA
CCl, Eumetsat CMSAF, NCEO

“New space” constellation providers — every
constellation climate quality

Space agencies and their data providers: e.g.

ESA, Copernicus, EUMETSAT, LANDSAT

inc. commercial companies/contractors

End users: e.g. agriculture, insurance,
government, NGOs

National Centre for UNIVERSITY OF  Imperial College
e LEICESTER London

ference WA

weelp Direct use of TRUTHS data
q

observations

Climate benchmark: solar irradiance and top of
atmosphere SW outgoing radiation

Atmospheric radiances and derived products
for data assimilation

Accurate (unbiased, stable) FCDR & ECV
products for climate feedbacks and trends
e
“New space” data calibrated with TRUTHS

“Mothership” Sl standard

S| standard cross calibration of 3" party

UV/VIS/SWIR, hyperspectral missions

EO products and services

pmod 'wrc @ ASSIMILA

Knock-on added value of TRUTHS data




Underpinning operational ECV retrievg
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Carbon-sink- Ocean
colour: direct TOA cross-
calibration of sensors to
absolute radiometric
accuracy of ~0.5%, meeting
GCOS requirements

Aerosols: “Climate
closure points” unifying
ground networks and
multiple optical sensors
through the TRUTHS FDR
facilitating atmospheric
correction code
improvements.

Emissions- CO,:
Referencing Copernicus and
multi-agency CO,
constellations at 0.5-1.0%
radiometry through cross-
calibration.

Land use change / BoA
reflectance validation

Carbon dioxide SCIAMACHY/ENVISAT & TANSO-FTS/GOSAT

April 2003 September 2003

April 2015
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TRUTHS Innovations .‘%i

Instrument Hosted Platform Equipment

STR optical heads accommodated on the
platform for increased performance.

Current allocation for TBC Gyro, to allow
eventual adoption into design in Phase A.

Mission design - Phase A/B1 Sep 20
to Spring/summer 22

- Breadboard Imager v
- EM Cal system e
- Combine above o

TRUTHS Instrument
Rotating Solar Array Assembly

Natianad ta nravida tha hich enatial

Innovations:

OBCS Instrumen t HIS Instrumen t AOCS package

VA If If I

- Polar orbit
- Hyper-spectral imager

Sl- Traceability on-board

- Calibration system

- Primary standard AIRBUS

- Establishing ‘Sl in space’



TRUTHS includes an on-board calibration
system, that replicates the Sl-traceable
calibration chain employed in National

Metrology Institutes (NMls) globally,
including flight of a primary standard - a
Cryogenic Solar Absolute Radiometer
(CSAR) (see calibration video).

The hyperspectral imager on-board
TRUTHS is routinely re-calibrated, with Sl-
traceability.

Maintaining it's Sl-traceable high radiometric
performance throughout the mission lifetime.




CSAR — Primary
standard

Laser diode & delivery
system

NPLE
L = I

Broadband interpolation

L@
L=

Hyperspectral Imager

https://www.npl.co.uk/earth-observation/truths/satellite-calibration
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Describes the linkages to Sl using la
power to spectral radiance calibratio

https://www.npl.co.uk/earth-observation/truths/satellite-calibration
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On-board calibration system (OBCS,

enables the geophysical measurem

Total Solar
Irradiance

Solar/Lunar spectral
irradiance

Earth-reflected
Spectral Radiance

https://www.npl.co.uk/earth-observation/truths/satellite-calibration
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Traceability to CEOS & Cal/Val
Infrastructure: enabling interop
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