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TRUTHS and FORUM: 
High Accuracy, Spectrally Resolved,

Visible and Far Infrared Radiation Measurements 
in the Libera Timeframe

ESA missions with expected 2026 launch dates

TRUTHS: ESA Earth Watch – operational mission FORUM: ESA Earth Explorer – research mission
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Earth’s Radiation Budget Earth’s radiation (im)balance at the top 
of the atmosphere the fundamental 
driver of climate

Spectral distribution holds information 
on the detailed components and the 
vertical distribution of energy

TRUTHS (320-2400nm @ 2-10nm): 
Traceable Radiometry Underpinning 
Terrestrial and Helio-Studies. 
High absolute accuracy Solar and 
Earth reflected spectral radiance for 
benchmarking observations and 
climate state 

Wild et al., 2013

FORUM FIR spectrumTRUTHS SW spectrum

FORUM (100-1600cm-1 @ 0.5cm-1): 
Far infrared Outgoing Radiation 
Understanding and Monitoring
Resolving the spectral distribution of 
energy in the far IR for the first time

Libera (RSW) Libera (OLR)
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• Operational climate mission establishing an optical reference baseline record of 
the Earth’s incoming and reflected solar radiance

• The first climate-dedicated UV/VIS/NIR/SWIR self-calibrating spectrometer, 

• Absolute accuracy: 0.3% for the SSI and ERSR (k=2)
Spectral range: 240/320 – 2400nm
Spectral resolution: 2-10nm (FWHM), 
Field of view: 30 - 250m
Swath: ~ 100km
Orbit: Near global precessing TBC (e.g. P90 61 day ground repeat)
Life: 5-8 years

• Traceability, in-space, to SI units for the first time in optical spectroscopy 
providing a FCDR with uncertainties for benchmarking and cross cal

 A basis for long-term climate change observations, 
 In-flight cross calibration for sensors to SI-standards
 Anchoring multiple records 
 Improving confidence and accuracy of key ECVs

TRUTHS: A space-based climate and calibration observatory
Selected as a UK-led ESA Earth WATCH Operational mission

Mission requirements 
reviewed and revised 
against operational user 
requirements earlier this 
year

Industrial contract 
awarded end of last 
month
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TRUTHS: Prototype design and traceability
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Primary reference standard is 
cryogenic radiometer (CSAR)

- compares heating effect of 
monochromatic optical power

to electrical power

- Low power Laser diode (LD) 
calibrates Transfer radiometer 

against primary standard CSAR 

- LD illuminates lambertian
diffuser via integrating sphere 

to condition beam - fills 
aperture of imager 

(monochromatic radiance) 

- Calibrated Transfer radiometer 
measures radiance of diffuser
- Repeat for other λ: smooth 
spectral shape of  diffuser 

minimises number  

- LDs also provide λ calibration 
and spectral stray light check 

in-orbit

Small/Medium Agile Satellite
• Provisional accommodation studies for 

both Astrobus-S/M and SSTL platforms, 
others possible (TBD Phase A/B1)

Orbit: 90º precessing, at 609 km 
• Facilitates multiple cross-overs (many 

locations) and increases dwell time for 
satellite calibration (TBC phase A/B1)
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TRUTHS observations 
& user outputs

Primary reference standard is cryogenic radiometer (CSAR)

TRUTHS OBSERVATION USER OUTPUT
Stable, accurate & on-orbit SI traceable

ORIG-POL-01, ORIG-PROD-03,

Total Solar Irradiance (TSI)

Fundamental natural climate forcing
ORIG-SI-01, ORIG-SSI-02

TSI reference observation
Reducing uncertainty of ERB & anchor all TSI records past and future

TSI long-term time-series
solar cycle characterization for solar & climate science (natural variability)

Solar Spectral Irradiance (SSI)

Fundamental natural climate forcing
ORIG-SI-01, ORIG-SSI-02

SSI to underpin reflectance observations
Enable on-orbit SI traceability of reflectance; underpin accuracy of 
reflectance-based satellite observations & products

SSI long-term time series
Characterize natural variability for solar and climate science

Nadir Earth Reflected Spectral 
radiances (ERSR)

Climate response: spectral signatures
ORIG-SI-01, ORIG-SI-02, ORIG-ORB-01

Time average ERSR product capturing variability 
as a reference for climate change spectral fingerprinting

ERSR on shorter timescales
for climate model testing & evaluation or data assimilation

Multi-angle Earth reflected spectral 
radiances (ERSR)

Climate monitoring accuracy 
ORIG-SI-01, ORIG-SI-02, ORIG-ORB-01

Coincident cross-cal data for priority climate sensors
for calibration transfer & SI traceability in orbit of associated climate records

Surface reference site calibration & characterization
Providing SI traceable vicarious calibration sites for in-orbit calibration 
serving multiple instruments & applications (Full Bidirectional reflectance 
distribution function-BRDF and interannual variability characterization)

Case study observations for targeted ECVs
for retrieval development/tuning, product val & uncertainty characterization

Direct monitoring applications
e.g. global surface reflectance products

Lunar spectral irradiance (LSI)

Stable vicarious calibration in-orbit target for 
multiple sensors past present and future
ORIG-SI-01

LSI reference observation 
Calibration reference to underpin existing lunar model

LSI observations over full lunar libration range
Calibration reference of equitable quality across lunar libration cycle

Climate benchmarking and model evaluation

Calibration services
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TRUTHS: Cross-calibration, hyperspectral reference frame adding value to other 
missions and services

Sentinel 2/TRUTHS co-temporal 
crossovers (red)

1. Gold-standard cross-calibration of UV/VIS//NIR SWIR missions. TRUTHS co-temporal crossovers 
enable more accurate, consistent, stable and trustworthy products from multi-missions, e.g. analysis-
ready data 2. Enables a new stream of 3rd party climate constellations. TRUTHS can 

act as a reference spacecraft for a constellation of smaller satellite 
‘drones’ requiring inter-calibration.
3. Rapid & independent calibration of 
instruments in commissioning phase. 
TRUTHS will act as a ‘standards 
laboratory in space’, allowing in-orbit 
characterization and commissioning 
of new payloads

Aerosols: “Climate closure points”  
unifying ground networks and  
multiple optical sensors through 
the TRUTHS FCDR

Ocean colour: direct 
TOA cross- calibration of 
sensors to absolute 
radiometric accuracy of 
~0.5%, meeting GCOS 
requirements
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TRUTHS mission status
Goal accuracy: 0.3% for the SSI and ERSR (k=2)
Spectral range: 240/320/350 – 2400nm
Spectral resolution: 2-10nm (FWHM), 
Field of view: 30 - 250m
Swath: ~ 100km
Orbit: Near global precessing TBC (e.g. P90 61 day ground repeat)
Life: 5-8 years

Just entering phase A/B1
• contracts signed with industry 

end Oct 
• Consolidation studies Dec KO
• MAG chosen 

Science value/technical feasibly and 
cost trades expected on
• Spatial vs spectral resolution
• Optimal orbit
• Data acquisition modes for cross 

calibration and climate spectral 
benchmark observations

• Spectral range

Review and development of mission 
requirements against user 
requirements undertaken earlier this 
year
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Over the temperature range of the Earth’s 
surface and atmosphere, peak energetic 
emission is seen in the far infrared which 
contribute ~50% or more of the total OLR

FIR emission is highly sensitive to UTLS 
water vapour, cirrus and potentially mixed-
phase cloud and plays the dominant role in 
determining polar surface temperature

Top level objective: evaluate the role of the far-IR in shaping 
the current climate and thus reduce uncertainty in predictions

The FIR region of the OLR has never been measured spectrally from 
space: FORUM will fill this gap.

FORUM first space based spectrally resolved observation of the far-IR
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FORUM Measurement Requirements & Payload concept

Radiometric Accuracy 3σ
(Goal) [Threshold]

300-1100 cm-1: (0.1 K)  [0.25 K]
200-300 cm-1:     (0.2 K)  [0.25 K]  Elsewhere
1100-1300 cm-1: (0.2 K) [0.25 K] (1, 2 K)

Radiometric Precision
(Goal) [Threshold]

200-800 cm-1: (0.4) [0.6] mW/(m2 sr cm-1)
Elsewhere: (1.0) [2.0] mW/(m2 sr cm-1)

Radiometric accuracy (1 K) [3 K] 

NeDT (at 210 K) (0.3 K) [0.8 K]

Single channel: 10.5 μm (FWHM: 1.5 μm)

Spectral Resolution FWHM:  (0.36 cm-1) [0.5 cm-1]
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Observation Concept – Sampling 

Loose formation with MetOp-SG-A1 
to obtain full IR spectrum (IASI-NG)

MetOp-SG-A1
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FORUM Anticipated Products
Level-1 
Products

Product Definition

FSI 
Level-1b

Spectrally and radiometrically
calibrated spectral radiance in 
the 100-1600 cm-1 band.

FEI
Level-1b

Thermal images radiometrically
calibrated and geolocated with 
preliminary pixel classification.

FSI 
Level-1c

Spectrally and radiometrically
calibrated spectral radiance, 
resampled at a specific spectral 
grid. Radiometric, spectral and 
geometric uncertainties are 
appended.

Level-2 
Products

Products Definition and Uncertainty 
Requirement

All-sky 
broadband 
spectral 
flux

FORUM Level-1c FIR OLR extended to 
broadband with the Level-1c from IASI-NG

Water 
vapour 
profile

Vertical profiles of water vapour 
concentration with 15 % maximum 
uncertainty at 2 km vertical resolution

Surface 
emissivity

Surface emissivity in the 300–600 cm-1

spectral range for polar regions. Uncertainty 
of 0.01 on 50 cm-1 spectral grid

Ice water 
path (IWP)

Integrated ice water content with maximum 
uncertainty of 20 g/m2

Cloud Top 
Height 
(CTH)

Altitude of the top of the cloud with 
maximum uncertainty of 1 km

Particle size 
diameter

Effective diameter of particles with maximum 
uncertainty of 20%
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FSI Technical Developments

Author     |     Email        |     NCEO Institute

Interferometer mechanism

Breadboard

Micro-vibration test

Speed stability test

Courtesy of OHB Beamsplitter

Manufacturing

Coating

WaveFront Error, 
Transmission

Thermal cycling

Courtesy of ABB

Courtesy of Cardiff University

Courtesy of OHB

Detection chain

Breadboard

Noise measurement

Detector response

Courtesy of Airbus Toulouse

Courtesy of OHB

Blackbody

Coating choice

Emissivity test

Environmental tests

Phase change cell

Courtesy of MICOS and PTB

Courtesy of
NPL and RAL

Ongoing work in all 4 areas to raise TRL to 5 by the end of Phase B1 (late 2020)
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FORUM mission status:
Two competing mission concepts

Author     |     Email        |     NCEO Institute

Capability to extend to 6

Medium 
platform 
(Sentinel 5p 
with minor 
changes)

Small platform 
(Adaption of Proteus 
150/300)

Details correct as of Mission Selection 
(ongoing developments through Phase B1)
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Preliminary studies 
on value and retrievals ongoing

• Looking at information gained on 
upper tropospheric atmospheric 
water, cirrus microphysics/optical 
properties and polar surface emissivity 
using aircraft data:

Example TAFTS observation from March 2015 CCCRX campaign

Simulations match in the mid IR (600-1400cm-1, top)
But deviate in longer wavelengths (middle and bottom).
Bantges et al 2020
Atmos. Chem. Phys., 20, 12889–12903, 2020
https://doi.org/10.5194/acp-20-12889-2020
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• TRUTHS & FORUM + IASI-NG will provide the first observation of the Earth’s outgoing 
radiation at high spectral resolution spanning the UV to far-infrared

• Together they will establish new, high accuracy, spectrally resolved measurements of 
the Earth-leaving radiation
Complementary to Libera observations

TRUTHS and FORUM: Climate benchmarks for testing climate models

Lower detection limits for global decadal 
change time series
Robust data records for testing climate 
model radiation budgets and, crucially, the 
fidelity of the links between geophysical 
drivers and the TOA radiation imbalance
Anticipated launch of both instruments 
circa 2026
Anticipated life is ~5-8 years

Observations

TRUTHS 
Solar:
TSI & SSI

Solar constant to 0.02% (or better)
Spectrally and radiometrically calibrated 
solar spectral irradiance 200/240/320-
2400nm 0.3% absolute accuracy 

TRUTHS
Earth 
reflected 
Nadir & 
multiangle

Spectrally and radiometrically calibrated 
radiance and reflectance 
240/320-2400cm-1 0.3% absolute accuracy

FORUM Spectrally and radiometrically calibrated 
spectral radiance from 100-1600cm-1

absolute accuracy of 0.1-0.2 K (3sigma)
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