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Methane(CH4) is primarily emitted by anaerobicbacterialactivity,which occursin a numberof natural
andanthropogenicprocesses,andisa highlypotent greenhousegaswith a global warmingpotential of
21 timesthat of carbondioxide(CO2).

Fig2: Transmissionof the SCIAMACHYdetectorandabsorptioncross-sections
of CO2 and CH4. Ideally CO2 and CH4 would be retrieved from ch.7 & 8
howeverdue to a build up of ice, channel6 is used instead(PhDthesis: C.
Frankenberg,2005, pg7).

The periodic build up of an ice layer on
the SCIAMACHYdetector adversely
affects the quality of data that can be
gained from channels 7 and 8, which
coverthe most prominentspectralbands
of CH4. Retrievalsof CH4 therefore have
to be performed using absorption
features between 1630-1670 nm in
channel6 (seeFig2).

The SCanningImaging Absorption spectroMeter for Atmospheric CHartographY(SCIAMACHY)is a
passiveimaging spectrometer, launchedin 2002 onboard ENVISAT,and has eight spectral channels
covering the wavelengthrange214-2386nm non-continuously. Usingthe near infra-red (NIR)channels
6, 7 & 8 allowsthe detection of CO2 and CH4 down to the planetaryboundarylayer (unlike thermal IR
detectors)andhencethe retrievalof total atmosphericcolumns.

We adopt a modified version of the WFM-DOASretrieval
algorithm (Buchwitz et al., 2000) known as Full Spectral
Initiation (FSI)WFM-DOAS(Barkleyet al., 2006), detailedin Fig
3. FSIinitialises retrievals with a priori data tailored to each
observation,usingspectroscopicupdatesfor CH4 andH2O from
Frankenberget al. (2008a, 2008b), a priori CO2 from
CarbonTracker and CH4 from a climatology providedby S.
Houweling. The FSIalgorithm is currently being modified to
includeHITRAN2008andimproveda priori aerosol,albedoand
tracegasprofiles.

CH4 VMRsare producedby ratioing retrieved CH4 VCDswith
CO2 VCDsretrieved from a spectrallyclosewavelengthregion,
then multiplyingby a meanmodelCO2 VMR(CarbonTracker).

Fig 3: The WFM-DOASretrieval algorithm (Buchwitz et al., 2000)
minimises the difference between the logarithm of a modelled
referencespectrum,Iref, , and its derivativesand the logarithm of an
observedspectrum, Iobs. The referencespectrum is created using a
generica priori tracegasprofile, scaledduringthe fitting procedureto
correspondto the observation. TheFSIalgorithm,however,extractsa
priori data (CH4, temp, press, aerosol, etc) for each individual
observation,creatinga referencespectrumtailored to eachspecific
retrieval.

North Americawaschosenasthe focusfor initial
retrievals due to the relatively homogeneous
nature of CH4 emissions both spatially and
temporally in the region. This, coupled with a
wealth of ground basedmonitoring sites in the
area, enables good validation of the retrieval
results. TheFSIretrieval for 06/2004(Fig6) shows
a larger abundanceof CH4 in the south-east,
decreasingtowardsnorthernandwesternareas.
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Fig 8 (left): Yearly average of
SCIAMACHYtotal column CH4, gridded
on 1ɕȄ1ɕfor 2004. Retrievalshereutilise
the modified Bxl-Reims spectroscopy
database and CH4 spectroscopic
updates. Spectroscopicimprovements
have reducedannual tropical emission
estimates from around 260 to 201 Tg
CH4, however they still remain higher
than expected, inferring the existence
of an unknown tropical source
(Frankenberget al., 2008a; 2008b).

Sensitivity tests

Model CH4 VMRsfor June 2004 (Fig 7) show an
increasinggradient of CH4 from south to north, in
contradiction to FSIretrievals. However,comparing
FSIresults with yearly averagedmixing ratios from
retrievalsby Frankenberget al. (2008b) (Fig8), good
agreement is found between the VMR gradients
acrossNorth America,with CH4 total columnsaround
5% lower in CǊŀƴƪŜƴōŜǊƎΩǎyearly averagethan in
Junealone.

The global annual mean source strength of CH4 is
currently well-constrainedto 550 ± 50 TgCH4 yr-1 from
studies of the main atmospheric sink of CH4, the
hydroxyl radical (OH) (Frankenberg et al., 2006).
However,over the last20 yearsthe CH4 growth rate has
beenin decline(seeFig1) andonly recentlyshownsigns
of recovery(Rigbyet al., 2008). On the whole, little is
known about the individual sourcesand sinksof CH4,
particularlytheir temporalandspatialvariability.

A comprehensive,global dataset of CH4 retrievals will
enhance our knowledge surrounding the global
distributionof CH4 andimproveour understandingof its
role in future climatechange.

Fig 6: Monthly averagedtotal column CH4 VMRs (06/2004) over North America,
specificallyover the region for which a priori CO2 columnsfrom CarbonTrackerare
availableon a 1ɕȄ1ɕgrid.

Fig1: (Top)CH4 mole fractions from ground basedmeasurements(NOAA/GMD
sitesin blue, AGAGEin red). (Bottom)DecliningCH4 growth rate. Theunderlying
causeof declineisstill unclearandhighlightsa lackof knowledgesurroundingthe
spatialandtemporalvariabilityof individualCH4 sourcesandsinks(IPCC,2007).

Validation over Park Falls

GOSAT retrievals over Park Falls

CH4 retrievals were performed for 6 months of
SCIAMACHYdatafrom anarea100km squarecentredon
the Total CarbonColumn ObservingNetwork (TCCON)
ground basedFourierTransformSpectroscopy(FTS)site
at ParkFalls,Wisconsin(Washenfelderet al., 2006). FSI
retrievals are shown in Fig 10 along with TCCONFTS
retrievalsfrom ParkFallsin Fig11for comparison.

Factors yet to be taken into consideration in this
comparison include instrument-specific averaging
kernels and potential differences in the spectroscopic
databasesusedfor both retrievals.

Fig11: TCCONFTSdata coveringthe latter half of 2004 where an increasing
trend in CH4 canbe seen(TCCONCH4 providedby D. Wunch,Caltech).
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Initial plots of spectra from SCIAMACHYfor the years2008-
2009indicatethat pixeldegradation may hamper retrievals
using data from the latter years of SCIAMACHY'soperation.
However, the launch of GOSATin 2009, a Fourier Transform
Spectrometerwith 3 SWIRspectralbandsand 1 TIRband,has
ensured that observationsof CO2 and CH4 from spacewill
continueinto the future.

At present,only initial GOSATretrievalshavebeen performed
at the Universityof Leicester(seeFig 13) using the OCOfull
physicsretrieval algorithm (Böschet al., 2006). Usingthe CO2

ratio method, all retrievals show similar valuesclose to the
expectedglobalmeanVMRof 1774ppb for 2005(IPCC,2007),
whereasCH4 VMRsretrieved usingthe OCOalgorithmshowa
greaterdegreeof scatter.

Comparativestudies between retrievals from SCIAMACHY's
moderate resolution data and those from the new, higher
resolution observationsof GOSATcan facilitate the extension
of the SCIAMACHYretrievaldatabaseto producea longerterm
CH4 datarecord.

Sensitivity tests were carried out to
characterizethe uncertaintiesresultingfrom
the use of inaccuratea priori data in FSI.
Testsrevealedthat accuratea priori data is
particularly important for simulated
scenariosof high optical depth, ,̱ solar
zenithangle(SZA)andlow albedo,a.

This is illustrated well by the simulated
scenariowhere SZA=70ɕΣa= 0.149 and =̱
1.1 (seeFig4). Here,errors increasesharply
as the a priori i̱s madeincreasinglywrong
w.r.t the true scenario. In addition, an error
of 72 ppb, or 4%, is incurredby excludinga
priori aerosol data altogether from the
creationof FSIreferencespectra(seeFig5).

Fig 9: Right: Map of global
TCCONsites along with the
date eachsite was established
(www.tccon.caltech.edu).
Below and below right:
Zoomedin view of the 100km
squarearea(in green),centred
on ParkFalls, used to classify
SCIAMACHY observations as
overpasses (satellite track
footprints shownin red).

Fig7 (right): Model CH4 VMRs
from the TM3 chemical
transportmodel for June2004
over North America (3.83ɕx
5.00ɕlat/lon grid). CH4 VMRs
follow a clear increasing
gradient from south to north
(contrary to the gradient of
retrieved VMRs) and vary
roughly between 1770-1840
ppb. (TM3 CH4 provided by S.
Houweling,SRON)

Fig 13 (right): GOSATOCOalgorithm retrievals over Park Falls (23-30/04/09). Top and middle panels:
RetrievedCH4 and CO2 VMRsrespectively. Bottom panel: CH4 VMRsnormalisedby the CO2 ratio method.
Retrievalsare for spectraof parallel(P)and perpendicular(S)polarizationscalibratedwith the responseto
unpolarizedlight.
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Fig4 (above): FSICH4 VMRretrievalresultsobtainedby usingSCIAMACHYspectrasimulatedfor a forest
albedoscenarioand an optical depth of 1.109. Clockwisefrom top left, plots correspondto scenarios
simulatedwith a SZAof 20ɕΣ40ɕΣ60ɕand70ɕrespectively. DeltaCH4 VMRgivesthe differencebetween
the retrieved VMRand the model CH4 columnusedto createthe simulatedSCIAMACHYspectrumvia
SCIATRANand is therefore a measure of how well the FSI WFM-DOASalgorithm can correctly
determinethe true tracegasVMR.

Fig 12: High resolution spectrumcreated from the ΨŦƛǊǎǘƭƛƎƘǘΩinterferogram
recorded by GOSAT. Absorption bands for CH4 and CO2 shown in red
(http://www .jaxa.jp/press/2009/02/20090209_ibuki_e.html).

Fig5 (below): Retrievalresultswherea priori aerosoldatahasbeenexcludedfrom
FSIretrievalsfor simulatedscenariosof low, mediumandhighopticaldepth anda
variety of SZAs(SZA= 20ɕΣ40ɕΣ60ɕand 70ɕύ. The largest retrieval errors are
incurredfor scenariosof highSZAandlow albedo.

Fig10: Sixmonth time seriesof CH4 total columnsfrom a region100 km squared,
centredon the TCCONsite at ParkFalls(46 N, 90 W). Despitesignificantscatterthe
majorityof dailymeanVMRsarewithin onestandarddeviationof the overallmean.
More data and an extended time period of analysisis required to determine
whethera trend ispresent.
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