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Introduction
Methane (CH4) is the third most important greenhouse gas in the atmosphere, after water
vapor and CO2, and is responsible for about 20% of the total radiative forcing by long-lived
greenhouse gases (Hofmann et al., 2006). The understanding and monitoring of its evolution in
the atmosphere are therefore major challenges for climate sciences. However, huge
uncertainties still aﬀect the underlying sources of the interannual variation of CH4 atmospheric
burden and its vertical distribution.
The current surface atmospheric measurements networks allow to monitor the average
evolution of atmospheric methane. But as methane plays a signiﬁcant role in tropospheric
chemistry through its removal of OH, surface measurement lack vertical information in the free
tropshere.
Since July 2007, monthly means of mid-tropospheric contents of CH4 are avaliable from IASI
in the tropical regions. Here, we present the work undergone at LMD to extend the retrieval of
methane to extra-tropical regions, mainly to the temperate regions.

Satellite observations: the IASI instrument
Iasi, developed by CNES in collaboration with EUMETSAT, is a Fourier Transform
Spectrometer based on a Michelson Interferometer coupled to an integrated
imaging system that measures infrared radiation emitted from the Earth.
Launched on 19th October 2006 onboard Metop-A and on 17th
September 2012 onboard Metop-B, IASI provides:
-8461 spectral channels between 645 and 2760 cm-1 (15.5 µm - 3.63 µm).
-with a spectral resolution of 0.5 cm-1 after apodisation.
-the spectral sampling interval is 0.25 cm-1.
-FOV: 12 km at nadir; scan angle: +/- 45°.
IASI data are routinely archived at LMD via the Ether Centre for Atmospheric
Chemistry Products and Services (http://ether.ipsl.jussieu.fr/), through EUMETCast,
the Broadcast System for Environmental Data of EUMETSAT.

Sensitivity analysis of IASI channels to CH4 and channel selection

Extending the retrieval procedure to the extra-tropical regions requires implementing a new selection of IASI channels mainly around 7.7 µm that take into account the speciﬁcity of extra-tropical
atmospheric state. Channel selection is achieved through a detailled sensitivity of IASI channels.
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Use is made of the last version of the TIGR !atmospheric database, which contains 2311
representative atmospheric situations described by their proﬁles of temperature, water
vapour and ozone concentrations on 43 levels.
There are 872 tropical situations described and 742 temperate situations described in
the database.
The Senitivity Analysis performed around 7.7 µm where IASI channels are sensitive to
methane can be seen on the right for the tropical and temperate regions.
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The retrieval method
The retrieval procedure relies on a non-linear inference scheme based on neural networks
(Crevoisier et al., 2009), initially designed for the retrieval of CO2 (Chédin et al., 2003).
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The main goal of the retrieval algorithm is to disentangle gas and temperature signatures
in the infrared radiances. Decorrelation of T/CH4 is achieved thanks to simultaneous use
of IR (IASI) channels sensitive to T and CH4 and MW (AMSU also ﬂying onboard MetOp
Satellites) channels only sensitive to T.
Neural networks for the tropical and temperate regions recquire separate training.

Validation tool : the AirCore HR
Description:
The AirCore instrument under development at LMD is a
simple and innovative atmospheric sampling system inspired
from the NOAA AirCore (Karion et al. 2010). It diﬀers from
this one with its high resolution and allows balloon
measurements of GHG vertical proﬁles (CO2, CH4) from the
surface up to 35 km.
Goal:
The goal is to use AirCore Data for satellite-based remote
sensing validation (column integrals: GOSAT, MERLIN,
MicroCarb ; troposphere: IASI)
Scheduled ﬂights:
Flight during the CNES campaign in Timmins,Ontario Canada
(Summer 2014)

- Good seasonality of CH4
- Geographical patterns consistent with known sources:
rice paddle emissions in Asia in Summer
South American & African wetlands in Winter
-Too high values at high latitudes (in the Southern Hemisphere) that need to be studied

Conclusion & Future Work
-Improvement of radiatives biases through colocated radiosonds & satellite observations.
-Validation with model, aircraft, in-situ & AirCore HR observations
-Full time coverage of Metop-A & Metop-B
-Study of trend + seasonality
-Contribution to assimilation process through macc
-Study of polar regions if possible

Principle:
1. On the ground: Tube is ﬁlled with a reference
gas.
2. During Ascension: Tube evacuates air.
3. During Descent: Tube collects ambient air.
4. On the ground: air sample analysis.
Gas vertical proﬁles
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