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Monitoring the atmospheric 
composition at Jungfraujoch 
since the Fifties: an epic!



Why/When/How? A bit of history…

• 1945: M. Migeotte thesis on high-resolution spectroscopy
• End of the 1940s: detection of CH4, N2O, CO (Columbus, 

Ohio) => need an unpolluted site to confirm their ubiquity
• 1950: First measurements at Jungfraujoch, extended in 

1951 => atlas (2.8 – 23.7 µm) + line identifications (1958)
• 1958-1974: “focus” on the sun and successive 

improvement of the instrumentation 
(prism/grating/double-pass)

• 1974: Molina & Rowland hypothesis (CFC ↓O3) receives a 
large echo in the scientific community
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Some more milestones…

• The same year (1974): Zander detects HF in the upper 
stratosphere in IR spectra recorded from Palestine (TX) with 
the Liège gondola  ⇒ the team resumes its atmospheric 
observational program (HCl, HF, N2O, CH4…) in 1976-1977

• 1984: beginning of routine operation for the homemade FTS
• 1990: installation of a Bruker 120HR FTS, after dismantling the 

grating spectrometer
• 2008: implem. of remote operation of instrum. (↑ statistics) 
• Today: the program continues to extend our database, unique 

worldwide (40+ years!!)
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M. Migeotte on the Sphinx terrasse

1950: the first 
measurements!
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Columbus – grating

Jungfraujoch – grating

Jungfraujoch – FTIR

CH4 lines

Date
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Pioneering observations 
of atmospheric methane



Pr. Migeotte’s vision…

… is now - and more than ever - our mission!M
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Water vapour absorptions between 1 and 14 μm

O3CO2 CH4
+N2O

CO2
+ CFCs, CCl4…

The Jungfraujoch site: why?
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Infrared spectra at 2 high-altitude sites

• Kitt Peak : site 
close to the 
Arizona desert, 
2 km d’altitude

• The spectra were
recorded under
dry conditions at 
both sites

≥ 2/3 of the water vapour column found below 3.6 km !!, 
half of it below 1.5 km.
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Team’s instrumentation at 
Jungfraujoch over time…

Early 1950s

1958-1989

1984-2008

1990-today
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Overlaps help ensuring… consistency!

More than 40 years of continuous measurements, with three instruments!

Mean trends:
~5%/yr for 1977-1999
~1%/yr for 2000-2010

Hydrogen fluoride (HF) main product of 
the CFC photolysis in the stratosphere

Grating spectrometer

FTIR-1

FTIR-2
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Remote-sensing of the atmospheric 
composition: the basic principle
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Remote-sensing of the atmospheric 
composition: the basic principle

Spectrum

Fourier

Moving reflector

Interferogram

Spectrometer⇒ broadband 
high-resolution spectra 

(more than 60000!!)

Clear-sky 
mandatory!
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Bruker FTIR setup: 
two detectors and 5 optical filters
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What do we learn from a single line?

WHAT DO WE LEARN FROM 
A SINGLE LINE?

• PRESENCE  detection of the gas

• AREA  total number of molecules

• SHAPE  distribution with altitude

Our spectra contain 
hundreds of thousands 

lines!!

Example for a CO2 line
CO2 above 
30 km alt.

CO2 below
5 km alt.
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Current list of FTIR target gases at 
Jungfraujoch (30+, still expanding!)

Currently, more than 35 gases are routinely retrieved from our spectra

Major greenhouse gases H2O, CO2, CH4, N2O, CF4, 
SF6

Support to the Kyoto 
Protocol and the Paris 
Agreement (COP21)

Related to stratospheric 
ozone depletion

O3, NO, NO2, HNO3, 
ClONO2, HCl, HF, COF2, 
CFC-11, CFC-12, HCFC-
22, HCFC-142b, CCl4

Support to the Montreal
Protocol on substances that 
deplete ozone

Air quality, biomass 
burning, oil production 
and transport

CO, CH3OH, C2H6, C2H2, 
C2H4, HCN, HCHO,
HCOOH, PAN, NH3

Support, e.g., to CAMS:

Other OCS, N2, numerous 
isotopologues (HDO, 
CH3D, 13CH4, 13CO…)

Various applications; e.g., 
source 
apportionment/attribution

Our FTIR monitoring activities are conducted within the framework of the
NDACC network, which includes an “infrared” component: achievements at
Jungfraujoch stimulated other teams to set up a FTIR experiment
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Use of early observations

• The spectra are 
available on paper-
rolls

• Their exploitation 
requires to digitize 
them and the 
wavelength scale has 
to be adjusted

• Modern retrieval tools 
can then be used to 
determine the 
abundance of target 
gases in the 1950s
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1951

2000
LR

2000
HR
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Comparison with present observations
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Use of early observations: N2O

 The early data are consistent 
with a continuous increase of 
nitrous oxide, at a rate of 
0.25%/yr

 The abundance of N2O has 
increased by nearly 22% 
since the 1950s

Data from four
instruments
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RECENT KEY RESULTS:
THE HCL TREND ANOMALY



Why do we monitor HCl?

• Main product of the photolysis of the CFCs 
and other Cl-bearing source gas in the 
stratosphere

• Relevant indicator to verify the success of the 
Montreal Protocol on substances that deplete 
stratospheric ozone

• We expect a decrease following the 
progressive (until 100%) ban of the main Cl-
sourcesM
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Atmospheric circulation and composition 

Updated from Fig. 1 in Mahieu et al., doi:10.1038/nature13857, 2014

The HCl trend anomaly is explained by a slowing down of the atmospheric
circulation in the lower stratosphere of the Northern hemisphere

Hydrogen chloride (HCl)
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Spatial distribution of the HCl and age-of-air 
changes between 2005 and 2010

From SLIMCAT model runs; Figure 4 in Mahieu et al., doi:10.1038/nature13857, 2014
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Pr M. Migeotte Pr L. Delbouille

Pr R. Zander Ph. Demoulin

Dr Ch. Servais

Dr G. Roland



Thank you for your attention!
Questions are welcome

www.cirebox.com

emmanuel.mahieu@uliege.be

http://labos.ulg.ac.be/girpas/en

Our sponsors

Contact information

http://labos.ulg.ac.be/girpas/en

	Slide Number 1
	Why/When/How? A bit of history…
	Some more milestones…
	1950: the first measurements!
	Pioneering observations of atmospheric methane
	Slide Number 6
	Water vapour absorptions between 1 and 14 μm
	Infrared spectra at 2 high-altitude sites
	Team’s instrumentation at Jungfraujoch over time…
	Overlaps help ensuring… consistency!
	Remote-sensing of the atmospheric composition: the basic principle
	Remote-sensing of the atmospheric composition: the basic principle
	Bruker FTIR setup: �two detectors and 5 optical filters
	What do we learn from a single line?
	Current list of FTIR target gases at Jungfraujoch (30+, still expanding!)
	Use of early observations
	Comparison with present observations
	Use of early observations: N2O
	RECENT KEY RESULTS:�the HCl trend anomaly
	Why do we monitor HCl?
	Slide Number 21
	Spatial distribution of the HCl and age-of-air changes between 2005 and 2010
	RECENT KEY RESULTS:�the ETHANE (C2H6) trend UPTURn
	Why monitor ethane (C2H6)?
	Multi-decadal time series of the Jungfraujoch: �detection of an upturn
	Related to the oil & natural gas boom in North America
	Widespread impact of the C2H6 emissions 
	Slide Number 28
	Slide Number 29


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions false
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


