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Find out more about the MERLIN mission and the 

measuring principels and visit our website on 

https://merlin-methane.space/ or scan the QR-code. 

Checkout the following links to learn more about the campaigns: 

CoMet 2.0 – Arctic  https://comet2arctic.de/

MAGIC: https://magic.aeris-data.fr/

Active remote sensing: 
→ Helps closing the observational gap in the Arctic

→ ① System measures during day and night, and at all seasons: 

• In the boreal area, the expected uncertainty reduction by MERLIN 
observations is about 50%. 

→ ③ Measuring methane over water bodies:
• 20 - 31% of global methane emissions are from inland water bodies.
• 6 % of methane emissions are from offshore oil and gas.
• only possible with active remote sensing. 

P. Bousquet et al., 2019  

MERLIN
GOSAT

prior information

mean 
GOSAT rms
mean MERLIN 
rms

Variability of Lidar reflectivity during 
test flight over Spain with 1,6 µm 
wave length and 500 m pixel 
resolution. (Amediek et al., 2009)

Small footprint: → Advantage for observation in the Tropics

→ ② Due to its small footprint and measurement principal, measurements are less influenced by clouds, which is especially true for the tropics (Frankenberg 
et al., GRL, 2024). 

→ ④ Broken cloud field scenario provide the possibility to gain additional vertical information on CH4 distinct layers separated by clouds.

• Cloud Slicing:
• No cloud: classical IPDA scenario measures total column, DAOD* derived from ground echoes and internal calibration signals and converted to XCH4.
• Optically thin cloud: DIAL-like equation using echoes from cloud and from ground.
• Broken field of optically thick clouds: mix of partial column measurements down to cloud tops and total column measurements down to the ground.
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Left: Histogram of scattering 
surface elevation derived from lidar 
range, definition of three clusters. 

Right: Classification of scene type 
along the flight path during 
MAGIC2021 campaign, location of 
down-spiral at the end of the flight 
legs. 

Cloud slicing approach with an IPDA lidar *DAOD: Differntial Atmospheric Optical Depth

Airborne demonstrator for validation - CHARM-F:
Methodology and performance was proven by the CHARM-F instrument
during flight campaign series:

• CoMet (CO2 and Methane) onboard the German HALO aircraft.

• MAGIC (Monitoring Atmospheric composition and Greenhouse gases through 
multi-Instrument Campaigns) onboard the French ATR42 aircraft.

Left: Measurement example from CoMet 2.0-Arctic: XCH4 recorded with the CHARM-F instrument 
on a flight to the wetlands north of Lake Winnipeg. Middle: CHARM-F onboard HALO. 

Novel concept using an IPDA lidar to measure methane:

• Detection of column-integrated dry-air volume mixing of CH4 (XCH4) using
Integrated Path Differential Absorption (IPDA) lidar:
• Pulsed, spectrally narrow-band  laser transmitter 
• one on-line und on off-line wavelength (double-pulse)
• in conjunction to  a range-gated receiver 
→ discriminates between cloud/ground echoes

• MERLIN is a joint French-German co-operation currently in phase D (Launch date 2029). © CNES/illustration David DUCROS

What makes MERLIN unique?
Closing measurement gaps in the…

① Arctic, by measuring all day and all season
② Tropics, by measuring between clouds

Inferring additional Information …
③ on methane over water bodies
④ measuring pseudo profiles using cloud slicing 
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