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Rationale

 Climate change and associated services
– Scientific understanding and evidences
– Modelling, projecting, informing
– Attributing, monitoring, mitigating, enforcing

 Development of GHG EO system
– Ground-based
– Airborne (inc. balloons & UAVs)
– Spaceborne

 CO2 sensing systems enhancement
– Miniaturization
– Affordability
– Performance
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LHR Architecture & Benefits

 LHR architecture
– Thermal IR
– Ultra-high spectral 

resolution
– Narrow FoV
– Shot noise limited detection
– Scalability
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 Benefit for EO
– Large trace gas target 

versatility
– Upper atmosphere sounding 

(sub-Doppler resolution)
– Interference discrimination
– High spatial resolution
– Radiometric sensitivity
– Very small payload



Initial Lab Demonstrator
Ground-based solar occultation zenith
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Thermal infrared laser heterodyne spectroradiometry
for solar occultation atmospheric CO2 measurements

Alex Hoffmann, Neil A. Macleod, Marko Huebner, and Damien Weidmann
Atmos. Meas. Tech., 9, 5975–5996, 2016, doi: 10.5194/amt-9-5975-2016

https://www.atmos-meas-tech.net/9/5975/2016/


Deployable GHG LHR – ESA FRM4GHG
Intercomparison – validation campaign
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Container Lab at Finnish Arctic Research Station

40x40x20 cm3 LHR installed inside



Deployable GHG LHR – ESA FRM4GHG
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Embedded camera for sun tracking
Fully automated
Remotely operable



Ultra-miniaturized LHR
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Missions
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Evaluation of laser heterodyne radiometry for 
numerical weather prediction applications
F Smith, S Havemann, A Hoffmann, W Bell, D Weidmann, 
S Newman

Q J R Meteorol Soc., 1–20, 2018, doi: 10.1002/qj.3365

The Methane Isotopologues by Solar Occultation 
(MISO) Nanosatellite Mission: Spectral Channel 
Optimization and Early Performance Analysis
Damien Weidmann, Alex Hoffmann, Neil Macleod, 
Kevin Middleton, Joe Kurtz, Simon Barraclough, and 
Doug Griffin

Remote Sens. 2017, 9, 1073, doi: 10.3390/rs9101073

Studying the changing middle atmosphere at 
unprecedented resolutions - CAIROS –
Constellation of Atmospheric hIgh Resolution 
Occultation Spectrometers
Damien Weidmann, Sophie Godin-Beekmann, 
William Bell, Bernd Funke, Michaela Hegglin, Brian 
Kerridge, Miyazaki Kazuyuki, William Randel, Keith 
Shine, Christopher Sioris, Michiel Van Weele, 
Vincent-Henri Peuch, Peter Hoor, 

ESA EE10 Proposal, CEE10/021, 2018

MISO
In orbit demonstration mission
3U cubesat type package
Augmenting Nadir infrastructure 
monitoring GHG

CAIROS
12 small sat constellation
Modular coverage and payloads
Middle atmosphere science

LHR for Met
Small sat demonstrator
Upper atmosphere sounding
T and water vapour

https://rmets.onlinelibrary.wiley.com/doi/pdf/10.1002/qj.3365
http://www.mdpi.com/2072-4292/9/10/1073


LHR for Emission Sounding

 Pathfinder CEOI project
 Evolve LHR to limb and nadir emission sounding
 Demonstrate LTE atmospheric molecular emission

CEOI workshop - ECSAT - 10/12/2018

9

file://space.rl.ac.uk/Projects/LHR/2016_CEOI_LHR_emission/Pictures/Instrument/AnnotatedInstrument_01.png


Spectrally Resolved Thermal Emission
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Laboratory  demonstration
30 mbar of pure Ethylene at room temperature

Atmospheric emission demonstration
Zenith looking instrument

23 August - ~13:00



Publications
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Conclusion

 Miniaturized GHG-LHR is ready for IOD
– Assessing biases through long term ground 

based campaigns

 First ever demonstration of spectrally 
resolved atmospheric emission
– Path to nadir and emission limb sounding

 Next steps
– Implement novel nanoantenna’s mixers
– Demonstrate spectral multiplexing
– Demonstrate spatial multiplexing
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