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1. Introduction and context

eMethane (CH,) is one of the most abundant greenhouse gases in the Earth's atmosphere, with current mean
volume mixing ratio close to 1800 ppb. CH, has a global warming potential of 25 (100-yr horizon) and an
atmospheric lifetime of 12 years, it further affects climate through its participation to tropospheric ozone
production and as a source of stratospheric water vapor. Given all these characteristics, the Kyoto Protocol
has included it among the species whose emissions have to be regulated to limit global warming. Methane
data sets are therefore needed to characterize its build up, to understand its cycle and to help improving its
atmospheric budget (sources and sinks).

The Jungfraujoch site

eAll the spectra analyzed here have been recorded at the International Scientific Station of the
Jungfraujoch, a site located in the Swiss Alps (46,55° N, 8,98° E , 3580m asl.). This high altitude station
offers excellent conditions to perform solar observations, in particular in the infrared (IR), because of weak
local pollution (no major industries within 20km) and very high dryness. Indeed, the amount of water vapor,
astrong interferencein the IR, is at least twenty times lower than at sea level.
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Figure 1 : These two spectra (DPGS-left hand side and FTS-right hand side) show that there has been a
real improvement in resolution as they respectively achieve a resolution of around 0,02 cm™ and 0,003
cm’. Spectra are zoomed on the microwindow n°3 (See Table I).

2. Instruments and observational database

eFarly pioneering atmosphere-oriented observations have been recorded at the Jungfraujoch station in
1950, by the University of Liege (ULg) using high-performance grating spectrometers. From 1958 to 1975,
the main objective has been the study of the solar photosphere in the visible and near-IR and the
production of high-resolution solar atlases (e.g. Delbouille et Roland, 1963). After the detection of HF in
the Earth's atmosphere by R. Zander in 1975 (Zander, 1975), the ULg group resumed its atmospheric
observations at the Jungfraujoch to monitor the abundance of important constituents of our environment,
among which HCL, HF and CH,.

eWe use solar observations recorded by a double-pass grating spectrometer (DPGS) installed at the
Jungfraujoch by the ULg in 1976. The DPGS achieved a spectral resolution of about 0.02 cm™ and was
equipped with a InSb detector. Narrow-band infrared spectra encompassing isolated lines of e.g. CH,, HF,
HCL, NO, have been regularly recorded until 1989.

eFrom 1984 to present days, regular observations have been carried out at the Jungfraujoch station with
two high-performance Fourier-transform infrared spectrometers (FTS) a homemade and a Brucker IFS-
120HR. They allow us to derive abundances of more than 25 constituents affecting our climate and
monitored in the frame of the Kyoto protocol, related to stratospheric ozone depletion, or altering the
oxidation capacity of the troposphere. The resulting time series allow the determination of the short-term
variability, seasonal modulations, as well as long-term changes affecting most of these species. As these
two FTIR instruments are affiliated to the NDACC Network [http://www.ndacc.org], contribution to the
l(r)]ngl-ter(rjn mcénitoring of the Earth's atmosphere has remained the central activity of the GIRPAS group over
the last decades.
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3. Retrieval Strategy

e All retrievals have been performed with the SFIT-2 algorithm (v 3.91) (Rinsland et al., 1998) in
order to retrieve methane vertical total column. The microwindows have been selected to
encompass lines of methane with minimum absorption interference by any other telluric gases
or solar lines (see Table 1). The inversion has been performed on a series of about 2500 spectra
recorded between 1977 and 1989, with different diffraction orders and assumed resolutions
(seein Table 2).

eThe CH, a priori volume mixing ratio (VMR) profile adopted in all our retrievals is based on MkIV
FTIR balloon measurements performed at northern mid-latitudes, it has been adapted to the
mean tropopause altitude of the Jungfraujoch by Sussmann et al. (2008), in the framework of
the European HYMN project [http://knmi.nl/samen/hymn]. Apriori profiles for the interfering
gases are based on the WACCM model climatology [The Whole Atmosphere Community Climate
Model, http://waccm.acd.ucar.edu].

¢In the present runs, HITRAN 2008 line parameters (Rothman et al., 2008) and line parameters
produced in the framework of the HYMN project (see Duchatelet et al., 2008) as well as the
solar line compilation provided by F. Hase (KIT) have been assumed for the target and
interfering absorptions. Adopted temperature and geopotential height data sets are provided
by the National Centers for Environmental Prediction (NCEP, Washington DC, USA).

Assumed Microwindows

Ti iod d Number of spectra Ord
ime period covere Umberalispectra BONGER o o (mK) used

= = = - _1 = -
Microwindows Limits {cm™) Fitted species From Jul-1977 to Aug-1983 . . o8 23
1 2913.4-2914.25 CH4; HDO From Jul-1977 to Dec-1978 9 2 27 2
2 2924.17 —2924.99 CHas HEO.; HDO From Aug-1983 to Sep-1985 610 7 10;8;13 1;2;3
+solar lines
3 2962.89 — 2963.7 CH,; H,O; HCl Sep 4 i 13 :
From Oct-1984 to Oct -1989 1602 (=) 13 1;2
Table | : List of microwindows used for our cH, Vable Il : Description of the data set : the number of

inversions, for each of them, the third column provides SPectra for each time period as well as the diffracted
interfering gases adjusted during the retrieval order, the assumed resolution and the microwindows

used (see Table |) are listed in this table.
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Error Budget

We are still working on establishing a complete error budget. Nevertheless, we have already

quantified the impact on our retrieved CH, total columns of the NCEP temperature profiles
and of the choice of the assumed resolution. They are within 1% and 4%, respectively.
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4. Trend Calculations

For the trend calculations, we use the statistical tool developped by Gardiner et al. (2008) that employs a

bootstrap re-sampling method to determine the long-term change as well as the confidence levels

associated to the retrieved quantities. All the uncertainties provided correspond to the 95% confidence

interval. The function fitted to the time series is a combination of a linear component and a 3rd order Fourier

series, 1.e. : _

Ft,b)=c,+clt—1,)+b,cos2alt—1,)+b,sin2z(t —1,}+ b, cos 4zlt —1,)
+b, sindzl{t—1,)+b, cos 6t —£, )+ b, sin 6z{t —1,)

where ¢, is the vertical abundance at the reference time t, for the linear component (seasonalized data), and
c is the annual trend.

CHASER Model (v 3.0)
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Figure 3 -
Ber e Annual Change Annual Change This figure compares the harmonized long-term time series of

Time Period - (moleciom?ian) (%fyear) methane with modeled data derived from CHASER Model (green
circles).

247 x 10 o LR T DG The Jungfraujoch time series includes different observational
19831892 . qgre (1989) R T T S data sets : the DPGS-pw1 (yellow squares), DPGS-pw2 (blue
squares), DPGS-pw3 (pink triangles), FTS-homemade (grey

2,29 x 1019 8,40 % 1,58 x 10 0,36 % 0,07 diamonds) and the FTS-Brucker (dark circles).

1993 - 1999 (1993)
2.31 x 10" 3.34 £1.15 x 10"¢ 0.15 2 0.05

2,35 x 10" 4,83 £ 0,17 x 107° 0,02 + 0,07 Table I" =

ZH00-=2004 233 x 101 2000 1.00 % 1.60 x 107¢ 0.04 £ 0.07 1 1
. 00 £ 1. 0420, Absolute (third column) and relative (fourth column) trend
e 350 % 1.45 x 106 R values computed over four successive time periods.

2005-2008  2.33x 101 (2003 -2.98 £2.64 x 10 0.13 £ 0.11 Blue : Jungfraujoch observations.
Green : CHASER Model (v 3.0).

Conclusions and Perspectives

eInversion of DPGS measurements appears to be a reliable method in order to extend the long-term total
column time series of atmospheric methane.

e\We expect to improve the inversion strategy for the 1977-1979 time period in order to harmonize our time
series from 1977.

e\We will soon evaluate the impact of spectroscopy, a priori profiles of methane and interfering gases to
complete our error budget.

eSince infrared observations above Jungfraujoch are available from the mid-seventies, the method could be
extended to other important atmospheric trace gases (e.g. HCL, HF,...), providing 35-year long experimental
time series for comparison with numerical models.
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