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�‡ MERLIN is a climate mission dedicated to the global methane (CH4) monitoring.  
�‡ French-German cooperation, performed by the national space agencies, CNES and DLR. 
�‡ The processing chain is developed under DLR responsibility for Level 1 processing, and under CNES 

responsibility for Level 2 and Level 3.  

MERLIN : MEthane  Remote  sensing LIdar missioN  

�hon: 1645.552 nm = 6076.988 cm-1 

�hoff : 1645.846 nm = 6075.903 cm-1 
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To know more: oral presentation by C. Pierangelo, Thursday 8 th  June or visit https://merlin.cnes.fr  

Level 2 Basic equations  
XCH4: conversion of the DAOD into vertically -integrated dry 
mixing ratio of methane (XCH4), which is the measurement 
used for assimilation in atmospheric transport models:  
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3 
The weighting function (WF) characterizes the sensitivity of 
CH4 as a function of pressure level, and is computed with:  

DAOD must be computed for a local vertical path  
Total absorption must be corrected from absorption by 
H2O and CO2 
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with  

The pressure (PT) is obtained from NWP data, corrected for the 
difference between model orography and the scattering surface 
elevation SSE 
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Level 2 purpose  

�‡ The goal of the level 2 processing 
is to produce dry -air mixing ratio 
of methane, XCH4, from the 
LIDAR DAOD.  
 

�‡ The XCH4 will be provided to the 
level 4 processor (flux 
assimilation in transport models) 
together with an associated 
error (understood as the 
expected 1 sigma random error) 
and an averaging kernel or 
weighting  function . 
 

�‡ The case where the scattering 
surface is not the ground but a 
cloud  will be handled.  

�‡ The XCH4 will be produced with a good precision (small random error) and a good accuracy 
(small systematic error ):  

�‡ quality/performances of algorithm to be accounted properly.  
�‡ averaging several LIDAR measurements along a 50 km path, to reduce random noise.  
�‡ bias corrections . 

Absorption Cross Section computation  
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�‡ Based on 4A-MERLIN code (4A/OP customized for MERLIN)  
�‡ State-of-the art spectroscopic model from Delahaye et al. (2016).  
�‡ The complexity of the spectroscopic description of methane lines 

are contained in the atlases (computed off -line by STRANSAC code) 

�‡ The version of 4A/OP for MERLIN consists in: 
1. The interpolation in the optical depth atlases:  

�‡ Interpolation to the correct temperature for each layer 
�‡ Interpolation to the correct pressure levels 

2. The conversion from optical depth to cross-sections 
using the hydrostatic equation 

�‡ Frequency of call to 4A-MERLIN could be limited to 1 every 
10 shots 

Horizontal averaging 
�‡ The purpose is to reduce the random noise by averaging measurements along 50 km  (~140 

shots) 
�‡ Proper weights must be used in the averaging  

 

�‡ The validation of the algorithm has been performed (Tellier et al., 2017):  
�‡ On 3 scenes (variations along 50 km for albedo, altitude, and atmosphere)  
�‡ For several values of mean reflectivity (from 0.016 to 0.1)  
�‡ For averaging along 50 or 10 km 
�‡ For several averaging strategies (signal, column, combined + weight definitions)  

�‡ Best results are obtained for signal averaging and appropriate bias correction (including 
final column bias correction as a function of SNR), with a residual bias below 1 ppb  

�‡ The averaging of 
vertical functions 
(weighting function 
and averaging 
kernels) that are 
defined on different 
grid scales with 
varying surface 
pressure must be 
handled cautiously 

1. Spatial interpolation as a function of lat , lon and interpolation through geopotentials  
2. Temporal interpolation  
3. Surface pressure obtained from the NWP centres must be corrected for the local topography 

corresponding to a shot-pair.  
 
 
 
 
 
 
 
 
 
 
Study of the biases induced by the interpolation processes  
 
 
 
 
 
 

 

Interpolation of temperature and humidity profiles  
and surface pressure computation  
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12 « boxes »: 200 km * 200 km 
~50 points/ box for each timestep  

4 seasons (mars, june , september, december) 
* 3 days (19,20 and 21) of data  

Method: 
Under-sampling of the NWP grid + interpolation 
algorithm applied at the removed points.  
�ÆComparison with the original grid point to 
estimate bias.  

Box 1 (Atlantic) 

Box 2 (Nepal) 

Retrieved Surface pressure vs true 
surface pressure 

Impact of spatial interpolation error of T, H2O 
and surface pressure on XCH4 
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with:  
�‡ Poff /on  the power backscattered by the surface 

and collected by the LIDAR 
�‡ Eoff /on  the emitted energy at �hoff /on  

The SSE is obtained from 
the range, measured by 
the LIDAR 


