T~
RAL Space

Laser Spectroscopy

Science & Technology Facilities Council

Rutherford Appleton Laboratory

™S

Deployment of a GreenHouse Gases Laser Heterodyne
Radiometer (GHG-LHR) for the FRM4GHG ESA campaign

Neil Macleod*, Jerome Bredin, and Damien Weidmann.
RAL Space, STFC Rutherford Appleton Laboratory, Harwell Campus, Didcot, OX11 0QX, UK
www.stfc.ac.uk/ralspace/LaserSpectroscopy - * neil.macleod@stfc.ac.uk

teference Measurements for GreenHous

Focusing

Non-linear mixing:
down-conversion into

Wavelength tune LO (QCL) with given
sampling resolution to reconstruct

Simulated CO, and CO from the GEOS-5 model Nature Run
Credits: NASA GSFC/B. Putman

dasA 2006 /04 /29

Global Modeling and Assimilation Office

Scientific rationale and technology development objectives
CO, major atmospheric component of terrestrial C-cycle and
climate system, and best-known GHG. Strong PBL and seasonal
variations and slow rising trend due to anthropogenic emissions.
Large spatio-temporal differences, but (diurnal) variations in the
total column amount typically <1 ppm on ~400 ppm background.
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CH, extremely potent GHG (GWP >> CO,) with a relatively short
atmospheric lifetime (12.4 years). Large spatio-temporal, and
seasonal variations (10’s of ppb on ~1800 ppb background).
Poorly understood rise due to anthropogenic emissions with
apparent “pause” around 2000.
need for accurate, high-precision instrumentation, suitable
for network deployment for source, sink & transport studies

FRM4GHG campaign aims
Inter-compare co-located novel and established ground-based IR
sounding spectrometers and associated retrievals for GHGs.
Validate retrieved dry total column amounts against TCCON
reference data and balloon-borne AirCore in-situ profiles.
Collect reference datasets for validating (mostly C-based) global
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CH, and CO, detection.
Phase sensitive detection.

Sun disc camera

Advantages
- Very high spectral resolution
(<600 MHz / 0.02 cm™).

broadband radiation
from solar tracker
or IR source (e.g. BB)

N o7
\\\\\\\/ :

- High sensitivity, shot noise limited

““MIR QCL laser (LO) (observed ~ 10x shot noise).

- with (I,T) control

- High spatial resolution
(FoV ~ mrads, < 0.5°).

- Directly measurable ILS
(RF filter response).

\ calibration
+ detector

detector * etalon

+ photodiode

+ amplifier

« band-pass filter
* Schottky diode

- Compact and portable design
(45x37x22 cm).

Summer 2017 Campaign

Seasonal

1st field deployment of LHR.
Seasonal CO, variation (~10
ppm) observed.

Offset bias due to Hitran inputs.
Large variation due to instrument
instability (10’s ppm).

Fully investigated during winter.
Improvements integrated into
2018 instrument.
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2018 Campaign (ongoing)

Demodulation phase optimisation Near real time background correction
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