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The importance of methane Initial retrievals over North Americ

Methane (CH) is prlmarlly emlueq by qnaeroblcbacterlalact|V|ty, Wh_lch occursin a nur_nberof na_tural Normalised SCIAMACHY CH, Columns - 06 2004 Model CH VMRsfor June 2004 (Fig7) show an
andanthropogenigrocessesandis a highlypotent greenhousegaswith a global warmingpotential of wl ] increasinggradient of CH, from south to north, in
21timesthat of carbondioxide(CQ). S Z | contradictionto FSlretrievals However,comparing
The global annual mean source strength of CH, is ok ™ oo o, 2 S 3 FSI_resuIts with yearly averagedmixing ratios from
currently well-constrainedto 550+ 50 TgCH, yr' from z | ol 2 [ S | retrievalsby Frankenberget al. (200&) (Fig8), good
4 5 4 5 £ 1700 2 | - .
studies of the main atmospheric sink of CH, the = ™f  # o] il | agreementis found between the VMR gradients
However,overthe last20 yearsthe CH, growthrate has oo % L ey, ] S%lowerin CNJ Y [ S yeardy ldugrage than in
peenin decline(seeFig1l) andonly recentlyshownsigns A A 15 R Junealone
of recovery(Rigbyet al., 2008. On the whole, little is y 'W| | ' 102 R A Fig7 (right): Model CH VMRs
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known about the individual sourcesand sinksof CH, : vl ™ P\ A &g ) iy | . mansportmaei OITEaeE
. . . . . — — — - = - = - - == = [, =i ‘I: 6 iane Knappett, ULeic. (FS| WFM-DOAS CH4 Gridded to 1x1 deg. over ort merica . X
particularlytheir temporalandspatialvariability, 3 ER | | 5.006 lat/lon grid) CH, VMRs
: Fig 6: Monthly averagedtotal column CH, VMRs (06/2004) over North America, follow a clear increasing
. ] i U S PR EEPU N S - - specificallyover the region for which a priori CQ columnsfrom CarbonTrackegare gradient from south to north
A comprehensiveglobal dataset of CH, retrievals will 1985 E - 2000 2005 availableon a 16 Egrid (contrary to the gradient of
. ] o retrieved VMRS) and vary
e_nha_'nce_ our know edge Surroundlng the g|0bal Fig1: (Top) CH, mole fractions from ground basedmeasurementSNOAA/GMD North Americawas chosenasthe focusfor initial ropubg%yMgeévl\ifS?ovﬂggéjdg
distribution of CH andimproveour understandingof its  stesn e acacin ) Gotembecinnacrigions e Trewndenins || retrievals due to the relatively homogeneous Homeingsron
r0|e|n fUture Cllmatecf]ange spatialandtemporalvariability of individualCH, sourcesand sinks(IPCC2007). nature Of CHl em|SS|OnS both Spaﬂa”y. and SClAMACHYcqumnaveragedmixingratio I :
_ temporally in the region This, coupled with a T SCIAMACHW1al column Oty grdded
The SCIAMACHY instrument % wealth of ground based monitoring sites in the e o iy
area, enables good validation of the retrieval datshase and = CH el el
: ] _ updates Spectroscoplmr_nprover_ne_nts
: . . . results TheFStretrievalfor 06/ 2004 (Fig6) shows have reduced annual eoplccliTESSiog
The _Sannlnglmaglng Absorption spect_roMeter for Atmospheric CHartograth(SClAI\/IACHYI$ a a larger abundanceof CH, in the southeast, Ch. nowever ey il reman e
- an expecteaq, interrin e existence
passiveimaging spectrometer, launchedin 2002 onb_oard ENVIS_ATand has _elght spectral channels decreasingowardsnorthern andwesternareas S than expettod i IR
covering the wavelengthrange214-2386 nm non-continuously Usingthe nearinfra-red (NIR)channels 20, ee0. fe0. 1720 70, 7e0. 110, (Frankenbergtal, 2008 2008).
6, 7/ & 8 allowsthe detection of CQ and CH, down to the planetaryboundarylayer (unlike thermal IR
detectors)andhencethe retrieval of total atmosphericcolumns Validation over Park Falls

The periodic build up of an ice layer on

? the SCIAMACHYdetector adversely CH, retrievals were performed for 6 months of
: affects the quality of data that can be SCIAMACHYatafrom anareal00km squarecentredon
E gained from channels7 and 8, which the Total Carbon Column ObservingNetwork (TCCON)
£ coverthe most prominentspectralbands ground basedFourier TransformSpectroscopyFTSkite
‘Z o of CHl Retrievalsof CHl therefore have at ParkFalls,Wisconsin(Washenfelderet al., 2006. FSI
% o to Dbe performed using absorption retrievals are shown in Flg 10 along with TCCON-TS
§ - “  features between 16301670 nm in retrievalsfrom ParkFallsin Figl1 for comparison
, ¥ channel6 (seefFig2). Factors yet to be taken into consideration in this
6 B0 1000 1200 400 1600 1800 2000 2200 2400 Rl = L Shidetelotandabsarptioncrosssections comparison Iinclude Instrumentspecific averaging
wavelength (nm) ﬁr)vf/:;\%/e?ggectod .algﬁﬁé:yug%f?cneo,l;gn\rlmvgllélOilsbueséztiT\(Z:::df(rlgrr?Df:;ifCE:; kernels and potential differencesin the spectroscopic

] Fig10: Sixmonth time seriesof CH, total columnsfrom a region 100 km squared,
databaSESjsedfOr bOth retrlevals centredon the TCCOMite at ParkFalls(46 N, 90 W). Despitesignificantscatterthe
majority of dailymeanVMRsare within one standarddeviationof the overallmean
More data and an extended time period of analysisis required to determine
whetheratrend is present

Frankenberg2005 pg7).

Fig 9: Right Map of global

The FSI WFNDOAS algorithm ot cachshe was stablshed

(www.tcconcaltechedu).
Below and below right:
We adopt a modified version of the WFMDOAST retrieval bl |
algorithm (Buchwitz et al., 2000 known as Full Spectral Measurement Forward model il e (o ey
Initiation (FSIWFM-DOASBarkleyet al., 2006, detailedin Fig ~ SCIAMACHY data  Reference spectium overpasses (satellite  track
o . : : _ i * niaclir raciance + Irace gas protle footprints shownin red).
3. FSlinitialisesretrievals with a priori data tailored to each | «sslarinadiance o o
observation,usingspectroscopiaipdatesfor CH, and H,O from sUrace slevaton eic)

Frankenberget al. (2008, 2008), a priori CQ  from ‘Pnf“—mf’gf(ﬂr—
CarbonTracker and CH, from a climatology providedby S *" *" a
Houweling The FSlalgorithm is currently being modified to

IncludeHITRANOO8andimproveda priori aerosol,albedoand 93 The WrMDOASretrieval algorithm (Buchwitz et al, 2009

minimises the difference between the logarithm of a modelled

trace g asp roﬁ |e S referencespectrum, I’ | and its derivativesand the logarithm of an
observedspectrum, 1°°S The reference spectrumis created using a

generica priori trace gasprofile, scaledduringthe fitting procedureto
correspondto the observation TheFSlalgorithm,however,extractsa

CH, VMRsare producedby ratioing retrieved CH, VCDswith  priori daia (cH, temp, press, aerosol, etc) for each individual GOSAT retrievals over Park Ealls -
CQ VCDsgetrieved from a spectrallyclosewavelengthregion, rerieva o e _4
then multiplyingby a meanmodelCQ VMR(CarbonTracker)
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Fig11l: TCCONFTSdata coveringthe latter half of 2004 where an increasing
trend in CH, canbe seen(TCCOICH, providedby D. Wunch,Caltech)

Initial plots of spectrafrom SCIAMACHTor the years 2008
2009indicatethat pixeldegradation may hamper retrievals
using data from the latter years of SCIAMACHY @peration
However,the launch of GOSATN 2009 a Fourier Transform
Spectrometemwith 3 SWIRspectralbandsand 1 TIRband, has

Sensitivity tests

Sensitivity tests were carried out to ensured that observationsof CQ and CH, from space will
characterizehe uncertaintiesresultingfrom continueinto the future.
the use of Inaccuratea priOri data in FSI Fig 12: High resolution spectrum created from the W ¥ X MIdietfefbgram

At present,only initial GOSATetrievalshave been performed  recorded by GOSATAbsorption bands for CH and CQ shown in red
) g ] . . (http://www .jaxajp/press/2009 02/20090209 ibuki_ehtml).

at the University of Leicester(see Fig 13) usingthe OCOfull

physicsretrieval algorithm (Boschet al., 2006. Usingthe CQ

ratio method, all retrievals show similar valuesclose to the

Testsrevealedthat accuratea priori data is
particularly important for simulated
scenarios of high optical depth, _, solar

zenithangle(SZApndlow albedo,a. expectedglobalmeanVMRof 1774 ppb for 2005 (IPCC2007),
whereasCH, VMRsretrieved usingthe OCQalgorithm show a

Th|S iS i”UStrated We” by the SimU|ated greaterdegreeof scatter

scenariowhere SZA=/0g 2= 0.149 and _=

1.1 (seeFig4). Here,errorsincreasesharply Comparative studies between retrievals from SCIAMACHY's

asthe a priori _ Is madeincreasinglywrong moderate resolution data and those from the new, higher

w.r.t the true scenario In addition, an error resolution observationsof GOSATan facilitate the extension

of 72 ppb, or 4% is incurred by excludinga of the SCIAMACHétrieval databaseto producea longerterm

priori aerosol data altogether from the Chycalsicenie

CreationOf PSR feren e C A e Ig S e ra00 ot o ol Sl corcpand womaios | | Rlie0cH and COVNRIepatvey Boton paelCr Wiomalsedoy h C o mthos
simulatedwith a SZAof 20g 4D 8Dgand 70srespectivelyDeltaCH, VMRgivesthe differencebetween Retrievalsare for spectraof parallel (P)and perpendicular(S)polarizationscalibratedwith the responseto

Fig5 (below) Retrievalresultswherea priori aerosoldata hasbeenexcludedfrom
FSketrievalsfor simulatedscenariof low, mediumand high opticaldepthanda
variety of SZAs(SZA= 20¢ Z0c BOs and 70g¢.UThe largest retrieval errors are
incurredfor scenariof highSZAandlow albeda

the retrieved VMRand the model CH, columnusedto createthe simulatedSCIAMACH&pectrumvia unpolarizedight.
SCIATRANIN is therefore a measure of how well the FSIWFM-DOASalgorithm can correctly
determinethe true tracegasVMR
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