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Abstract. Carbon dioxide (C@) and methane (Ck) are  bonTracker. For the Northern Hemisphere we find good
the two most important anthropogenic greenhouse gasesgreement with the reference data for the;@@asonal cycle
SCIAMACHY on ENVISAT is the first satellite instrument and the CQ annual increase. For the Southern Hemisphere,
whose measurements are sensitive to concentration changeshere significantly less data are available for averaging com-
of the two gases at all altitude levels down to the Earth’spared to the Northern Hemisphere, the Cahinual increase
surface where the source/sink signals are largest. We havis also in good agreement with CarbonTracker but the am-
processed three years (2003-2005) of SCIAMACHY near-plitude and phase of the seasonal cycle show systematic dif-
infrared nadir measurements to simultaneously retrieve verferences (up to several ppm) arising partially from thg O
tical columns of CQ (from the 1.58:m absorption band), normalization most likely caused by unconsidered scattering
CH4 (1.66um) and oxygen (@ A-band at 0.76:m) using  effects due to subvisual cirrus clouds. The retrieved XCO
the scientific retrieval algorithm WFM-DOAS. We show that regional pattern at monthly resolution over various regions
the latest version of WFM-DOAS, version 1.0, which is used show clear correlations with CarbonTracker but also signif-
for this study, has been significantly improved with respecticant differences. Typically the retrieved variability is about
to its accuracy compared to the previous versions while es4 ppm (1% of 380 ppm) higher but depending on time and lo-
sentially maintaining its high processing speed nin per  cation differences can reach or even exceed 8 ppm. Based on
orbit, corresponding te-6000 single measurements, and per the error analysis and on the comparison with the reference
gas on a standard PC). The greenhouse gas columns adata we conclude that the XG@ata set can be characterized
converted to dry air column-averaged mole fractions, de-by a single measurement retrieval precision (random error)
noted XCQ (in ppm) and XCH (in ppb), by dividing the  of 1-2%, a systematic low bias of about 1.5%, and by a rel-
greenhouse gas columns by simultaneously retrieved dry aiative accuracy of about 1-2% for monthly averages at a spa-
columns. For XCQ dry air columns are obtained from tial resolution of about 7x7°. When averaging the SCIA-
the retrieved @ columns. For XCH dry air columns are  MACHY XCO2 over all three years we find elevated £0
obtained from the retrieved GCcolumns because of bet- over the highly populated region of western central Germany
ter cancellation of light path related errors compared to us-and parts of the Netherlands (“Rhine-Main area”) reasonably
ing O columns retrieved from the spectrally distant & well correlated with EDGAR anthropogenic G@&missions.
band. Here we focus on a discussion of the XCdata  On average the regional enhancement is 2.7 ppm including
set. The XCH data set is discussed in a separate paperan estimated contribution of 1-1.5 ppm due to aerosol related
(Part 2). In order to assess the quality of the retrievederrors and sampling.

XCO, we present comparisons with Fourier Transform Spec-

troscopy (FTS) XCQ measurements at two northern hemi-

spheric mid-latitude ground stations. To assess the quality

globally, we present detailed comparisons with global XCO

fields obtained from NOAA's C@assimilation system Car-
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1 Introduction the increase or decrease of its column-averaged mole frac-
tion, as a result of a source or sink, is determined primarily

The atmospheric greenhouse gas carbon dioxideJ®@s by the strength and the spatial size of the source or sink and
increased significantly since pre-industrial times primarily asatmospheric transport. Although point sources such as the
a result of fossil fuel combustion, land use change, cemenplumes from chimneys have large mole fractions locally, at
production, and biomass burning, thus perturbing the natuthe grid sizes of typical models or at the spatial resolution
ral global carbon cycle. Increasing €@ predicted to result  of the SCIAMACHY nadir measurements, sources and sinks
in a warmer climate with adverse consequences, such as rigmly result in small changes of the column-averaged mole
ing sea levels and an increase of extreme weather conditiongactions on top of a large background. In order to deter-
(IPCC, 2001, 2007). The reliable prediction of future atmo- mine such changes well, the resultant requirements on the
spheric CQ levels and the associated global climate changeaccuracy and precision of the measurements of the column-
requires an adequate understanding of the €@urces and  averaged dry air mole fractions from space are demanding,
sinks. Unfortunately, this understanding has significant gaps$eing of the order of 1% or betteRayner and O’Brien
and uncertainties are large (see, ésgephens et al2007). 2001, Houweling et al. 2004 Miller et al., 2007 Chevallier

The current knowledge of the carbon dioxide surfaceet al, 2007).
fluxes is limited for example by the sparseness of the ground- Inverse modeling to obtain surface fluxes of carbon diox-
based network with a lack of high-frequency surface observaide globally using the highly precise and accurate surface
tions in continental regions particularly outside North Amer- observations mostly based on weekly sampling relies on var-
ica and Europe. Theoretical studies have shown that satelous assumptions (e.g., assumed flux pattern and uncertain-
lite measurements of GOn combination with models have ties) and is currently typically restricted to large spatial scales
the potential to significantly reduce G@Qurface flux uncer-  (continents, ocean basins) due to the sparseness of the sur-
tainties Rayner and O’'Brien2001; Houweling et al.2004). face network Bousquet et a).1999 Gurney et al. 2002
Existing satellite instruments whose measurements are sefRodenbeck et 312003 Patra et al.2006. In addition, at-
sitive to atmospheric C®either measure radiances in the tempts have been made for selected regions to better con-
thermal infrared (TIR) spectral region such as HIRB&din strain the regional fluxes using continuous high-frequency
et al, 2002 2003 and AIRS Engelen et a).2004 Engelen  CO;, in-situ observationsOerwent et al. 2002 Peylin et
and McNally, 2005 Aumann et al.2005 Strow et al, 2006 al., 2009. As pointed out byPeylin et al.(2005, these re-
or SCIAMACHY in the near-infrared (NIR)/short wave in- gional results also depend critically on several assumptions
frared (SWIR) spectral regionB(ichwitz et al, 2005ab, used such as required smoothness, initial conditions, and the
2006a 2007h Houweling et al. 2005 Bosch et al. 2006 global flux field. As described above, inverse modeling of the
Barkley et al, 2006ab,c, 2007). Note that in this paper NIR  CO, sources and sinks using satellite derived,@0lumns
and SWIR are commonly referred to as NIR. Whereas thehas the potential to improve this situation but until now has
TIR nadir measurements are primarily sensitive to middlenot been undertaken due to lack of satellite data with suffi-
to upper tropospheric CQthe NIR nadir measurements are cient quality.
sensitive to all altitude levels, including the boundary layer, In this manuscript, the first multi-year global dry air
which permits the retrieval of C£total columns. High sen-  column-averaged Cfdata set from SCIAMACHY is pre-
sitivity to CO» concentration variations near the Earth’s sur- sented and discussed. A short first discussion of this data set
face is important in order to get information on regionalCO has already been given Buchwitz et al.(2007h focussing
sources and sinks. SCIAMACHY is the first and currently on northern hemispheric large scale £f®atures such as the
only satellite instrument which measures reflected solar radiseasonal cycle and the annual increase. The retrieval tech-
ation in the NIR spectral region covering important absorp-nique, called Weighting Function Modified DOAS, WFM-
tion bands of CQ (as well as Cld and Q). For the near fu- DOAS, developed at the University of Bremen for the re-
ture other satellite missions are planned, most notably OCQrieval of trace gases from SCIAMACHY has been de-
(Crisp et al, 2004 and GOSAT Hamazaki et a).2004), scribed elsewhereBluchwitz et al, 2000h Buchwitz and
which will also perform nadir observations in the NIR spec- Burrows 2004 Buchwitz et al, 2005ab). Other groups
tral region to retrieve C@ have developed somewhat different approaches to retrieve

As topographic features and surface pressure changes imfkCO; or CO, columns from SCIAMACHY. For example
pact on the C@total column, a more useful quantity for in- the column-averaged mole fractions retrieved using the com-
verse modeling is the column-averaged dry air mole fractionputationally much more expensive Full Spectral Initiation
of COy, denoted XCQ, being defined as the total column WFM-DOAS (FSI/WFM-DOAS) algorithm Barkley et al,
of carbon dioxide divided by the dry air column. Dry air 2006ab,c, 2007) are obtained by normalizing the retrieved
columns can be estimated by the simultaneous measuremefO, column with surface pressure from meteorological anal-
of molecular oxygen (@) which is a well mixed gas with ysis and not, as done here, by normalizing with simulta-
accurately known mole fraction exhibiting negligible (rela- neously measured O Houweling et al.(2009, using an-
tive) variability. As CQ is a long-lived gas, the amount of other algorithm for the retrieval of COcolumn amounts
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Simulated SCIAMACHY nadir spectrum
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Fig. 1. SCIAMACHY nadir spectrum, simulated with the radiative transfer model SCIATRBMNchwitz et al, 2000ab), covering the

entire spectral region observed by SCIAMACHY (top). The three spectral fitting windows;fa€0,, and CH, as used by WFM-DOAS

version 1.0 are indicated by the shaded areas. WFM-DOAS example fits are shown below (the symbols are the SCIAMACHY measurements,
the solid lines correspond to the fitted WFM-DOAS linearized radiative transfer model). A detailed discussion of the methane results is given
in Schneising et al2008 (Part 2). Shown in the top panel are also channel 7 and channel 8 which cover maman@GH, absorption

lines but are not used for WFM-DOAS version 1.0 due to systematic retrieval errors caused by the varying ice layers on the cold detectors.

from SCIAMACHY data, have identified problems due to 2 The SCIAMACHY instrument
aerosols especially when there are strong desert dust storms.
Here we show that normalizing with measureg @duces ~SCIAMACHY, which is a multi-national (Germany, The
dust storm aerosol related errors. On the other hand we alsbletherlands, Belgium) contribution to the European envi-
show that normalizing with measured @an be problematic  ronmental satellite ENVISAT, is a grating spectrometer that
under specific conditions because of the different sensitivitymeasures reflected, backscattered and transmitted solar radi-
of the radiances in the spectral regions used fop@md @  ation upwelling from the top of the atmospheBurows et
column retrieval. al., 199Q Burrows and Chan¢el 991, Burrows et al. 1995
This manuscript is organized as follows: In Seztthe  Bovensmann et 811999. The spectral region from 214 nm
SCIAMACHY instrument and its measurement principle are to 1750 nm is measured contiguously in six channels, and
introduced and explained. This is followed by a descriptionthere are two additional channels covering the regions 1940—
of the WFM-DOAS retrieval algorithm in Sec®.and an er- 2040 and 2265-2380nm (see Fi§. Each spectral chan-
ror analysis in Sec4. The new SCIAMACHY multi-year ~ nel comprises a grating focusing optics and a 1024 element
carbon dioxide data set is discussed in SBcConclusions ~ monolithic diode array. In addition, SCIAMACHY has 7
are given in Sece. broad band channels, the Polarization Monitoring Devices
(PMD), which monitor the upwelling radiation polarized
with respect to the instrument plane at high spatial resolution
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providing sub-pixel information used in this study to identify The algorithm has been described in detail elsewHuelf-

cloud contaminated ground pixels. witz et al, 2000k Buchwitz and Burrows2004 Buchwitz et
ENVISAT was launched into a sun synchronous orbit al., 2005gb). We therefore focus on a discussion of the main

in descending node having an equator crossing time oflifferences between the current version 1.0, which has been

10:00 a.m. local time. During every orbit calibration mea- used to generate the data set discussed in this manuscript, and

surements are made during the eclipse, followed by a sothe previous version 0.8(chwitz et al, 2005ab; Dils et al,

lar occultation and limb atmospheric measurement. On the2006a Warneke et a).2005.

Earth’s day side SCIAMACHY performs alternate nadir and

limb observations. These measurements can be inverted 31 Retrieval of vertical columns

obtain a large number of atmospheric data prodigtséns- . .

mann et al.1999. Of relevance to this study are the column WFM-DOAS is a least-squares method based on scaling (or

amounts of C@and G. As a result of SCIAMACHY'’s ob- shifting) pre-selected atmospherlc vgrUcaI proﬂles.' The flt'

servation of greenhouse gas overtone absorptions in the nedprameters for the trace gases yield directly the desired verti-

infrared/short wave infrared (NIR/SWIR) solar backscatteredC@l columns. The logarithm of a linearized radiative transfer

spectrum, SCIAMACHY is the first satellite instrument that M0del plus a low-order polynomia; () is fitted to the log-

yields the vertical columns of GOwith high sensitivity arithm of the ratio of the measured nadir radiance and solar

down to the Earth's surfac®(chwitz et al, 20053. As the irradiance spectrum, i.e., the observed sun-normalized radi-
r ' obs ;
integration time for the detectors is optimized around an or-2N¢€1°> The least-squares WFM-DOAS equation can be

bit, the horizontal resolution of the nadir measurements deyvritten as follows (the fit parameter vectors or vector com-

pends on orbital position and spectral interval, but s typically PONents are indicated by a hat):

60 km across track by 30 km along track for the spectral fit- m

; ; ; ; obs modn7 3 2 2 ;

ting windows used in this study. Z In 17°° —1In "™V, a)) = |RES||© — min. (1)
Overall, the in-flight optical performance of SCIA- =1

MACHY is very similar to that predicted from the pre-flight \yhere the linearized radiative transfer model is given by
on ground characterization and calibration activities. One

exception is a time dependent optical throughput variation inIn IimOd(\7, & =1In IimOd(\_/) (2)
the SCIAMACHY NIR/SWIR channel 7, which has many J_ 51n 7mod A )

resolved CQ absorption features, and channel 8, which has + Z ——— | x(V; = V))+ Pi(&).
many CH, absorption features. This results from the in-flight j=1 Wwj .

V.
deposition of ice on the detectors. As ice absorbs and scat- !

ters at these wavelengths this adversely affects the trace gas Indexi refers to the center wavelengthof detector pixel
retrieval by reducing the signal to noise and changing the in"umberi. The components of vectdr, denotedV;, are
strument slit function@loudemans et al2005 Buchwitz et the vertical columns of all trace gases which have absorption
al,, 2005h. As shown in Fig.1, the WFM-DOAS version lines in the selected spectral fitting window (interfering gas
1.0 results presented in this manuscript have been deriveffr the CQ fit is H>O; for the CH, fit interfering gases are
using CQ absorption features in channel 6 (1000-1750 nm)H20 and CQ). The fit parameters are the desired trace gas
and Q@ A-band absorption in channel 4 (605-805 nm), which Vertical columnsV; and the polynomial coefficients which

are not affected by an ice-layer, as their detectors operate &'€ the components of vectar An additional fit param-
higher temperatures. eter also used (but for simplicity omitted in the equations

given here) is the shift (in Kelvin) of a pre-selected temper-

ature profile. This fit parameter has been added in order to
3 WFM-DOAS retrieval algorithm take the temperature dependence of the trace gas absorption

cross-sections into account. The fit parameter values are de-
The retrieval of a long-lived and therefore relatively well- termined by minimising (in a linear least-squares sense) the
mixed gas such as carbon dioxide is challenging as only thdlifference between observation (Ifi*) and WFM-DOAS
small variations on top of a large background yield infor- model (In I,.m"d), i.e. the “length” of fit residuum vectdRES
mation on their surface sources and sinks. The retrieval al{with componentRES;) for all spectral pointa,; simultane-
gorithm has therefore to be accurate and, in addition, sufously. A derivative with respect to a vertical column refers
ficiently fast to process the large amounts of data producedo the change of the top-of-atmosphere radiance caused by
by SCIAMACHY. At the University of Bremen the Weight- a change (here: scaling) of a pre-selected trace gas verti-
ing Function Modified Differential Optical Absorption Spec- cal profile. The WFM-DOAS reference spectra are the log-
troscopy (WFM-DOAS) retrieval techniquBgchwitz et al, arithm of the sun-normalized radiance and its derivatives.
20008 has been developed for the retrieval of trace gases an@hey are computed with a radiative transfer modalich-
optimized for the retrieval of C&) CH; and Q. The results  witz et al, 20003 for assumed (e.g. climatological) “mean”
for methane are discussedSchneising et a(2008 (Part2).  columnsV. Multiple scattering is fully taken into account.
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The least-squares problem can also be expressed in the fature) has been implemented. The previous versions of WFM-
lowing vector/matrix notation: Minimizély—A x || with re- DOAS used pre-calculated radiances and derivatives for sur-
spect tox. The solution isk=CyATy whereCy=(ATA)~1 face elevations of 0 km, 1 km, 2 km, and 3 km in combination
is the covariance matrix of solutioh The errors of the re-  with a simple next neighbour approach. Now an extended
trieved columns are estimated as follows€ss et a]1992): data base covering also an altitude of 4 km is used in com-
O'V/.Z\/(Cx)jjx Y, RESiz/(m—n), where(Cy) ;; is the j-th binat.ion with ar) interpolat.ion/ext.rapolation sche_me to de-
termine the radiance and its derivatives appropriate for the
average surface elevation (pressure) of each ground scene.
of linear fit parameters. This significant]y reduce; the as;ociated error of the retrieved
L . . . columns (as discussed in detail below) which could be as
In .order Fo avoid time-consuming on-line radiative tran_s- large as a few percent in version OBLchwitz et al, 20053.
fer simulations, a fast look-up table scheme has been im- (iii) Improved spectroscopydpdate of the spectroscopic

plemented. The pre-computed spectral radiances and thegata to HITRAN 2004 Rothman et al.2005. The previ-

derivatives (e.g., Wlt_h respect to trace gas concentrationy '\ .o \was based on the line parameters fos, G,
and temperature profile changes) depend on solar zenith an-

gle, surface elevation (pressure), surface albedo, and watgggawo described in HITRAN 2000/200Rpthman et &
vapour amount (to consider possible non-linearities cause '

by the h'.gh 'varlabll!ty of atmospheric Water vap.our.). For Level 1-Files (spectra) version 5. The SCIAMACHY Level
carbon dioxide a single (constant) vertical profile is used

X : ~ 1 product is a geophysical product, describing the measured
for the retrieval to avoid that the measurements are in- . . . )
o e . spectral radiance in units of photons/sfénm/steradiant as a
fluenced by variations artificially introduced by the re-

trieval method. These profiles (GQmixing ratio, tem- function of wavelength in units of nanometers. Our previous

. A versions data products were based on the Level 1 version 4
perature, pressure) along with the vertical column averag-

ing kernels, can be obtained from the WFM-DOAS web data product. One significant error had been identified in the
site http://Ww.iup.uni-bremen.de/sciamachy/NNADlR, previous WFM-DOAS data product due to calibration prob-

WFM_DOAS/index.htm! The CQ columns are retrieved lems (.)f the version 4 spectrBychwitz et al,_20066): Sys-
. - . . . tematically underestimated G@&olumns which have been
using a small spectral fitting window in the near in-

frared (1558-1594 nm) located in SCIAMACHY channel 6, corrected_ to first order by scaling with _the constant factc_)r
k . . 1.27. Using the new Level 1 product this source of error is
whereas oxygen, retrieved in order to derive the column-

averaged C@dry air mole fraction, is retrieved from a spec- now negligible.
trally distant fitting window (755-775nm, £0A-band) in ?notth((ajr probllem of Xi@;‘/ OHA' Wek;e systematltczzlliover-l
SCIAMACHY channel 4. As an example, Fig.shows the estimated @ columns which have been corrected by scal-

ing with the constant factor 0.85. The scaling factors for
ﬁi?a(ili%ojsi\fsr;gﬁ g;;hggal columns of both gases (for the CQ and @ columns used in the previous WFM-DOAS

Th in diff betw th . . version 0.4 XCQ data product were chosen such that the

_'he main diterences between the previous Version, Veroq, anq g, columns were within experimental error close
sion 0.4, and the new version, version 1.0, are the foIIowmg:tO their expected value of abouk& 02! molecules/crd and

(i) Better consideration of albedo variabilitfthe surface 4 5 1024 molecules/crh, respectively, for cloud-free scenes

albedo is specifically retrieved in each fitting window sepa- ith a surface elevation corresponding to sea level. The
rately to consider its wavelength dependence in combinationeed for an @ column scaling factor was removed by the
with an extended look-up table. The wavelength dependen;mproved treatment of surface albedo in WEM-DOAS ver-
surface albedo retrieval is based on comparing the measuregoy 1.0. In the previous version 0.4 a constant albedo of
sun-normalized radiance at selected wavelengths, in a trangy 1 was assumed and a surface spectral reflectance weight-
parent region of each fitting window where no significant jng function (derivative) was included for the;@olumn fit
gaseous or particulate absorptions occur, to pre-calculated rdg minimize errors related to the variability of the surface
diances for different surface albedos. The retrieved Surfac%pectral reflectance. The new approach removes the need for
albedo is used to account for the dependence of the top-ofy \yeighting function for surface albedo in WFMDv1.0. The

atmosphere radiance on the surface albedo. In comparisoReyw version WEM-DOAS 1.0 yields the expected values for
for computational simplicity, the previous WFM-DOAS ver- he cq and G columns without scaling.

sions used a constant wavelength independent surface albedo

of 0.1. The extended |00k-up table includes surface albe'32 Computation Of Column_averaged Q@ry air mole

dos of 0.03, 0.1, and 0.3 and an interpolation/extrapolation fractions

scheme is used to obtain the radiance and its derivatives for

the retrieved surface albedo in each fitting window. For carbon dioxide we derive column-averaged dry air mole
(ii) Better consideration of surface elevation changks:  fractions by normalizing the COcolumns with the simul-

extended look-up table scheme for surface elevation (prestaneously retrieved oxygen columns retrieved from the O

diagonal element of the covariance matrixjs the number
of spectral points in the fitting window andis the number

(iv) Improved calibration: Usage of newly calibrated

www.atmos-chem-phys.net/8/3827/2008/ Atmos. Chem. Phys., 8, 38332008
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A-band. Oxygen is an accurate proxy for the air column — The ground pixel must be a forward scan pixel (as the
because its mole fraction is well known and has negligibly horizontal resolution of the backward scan pixel is four

small variations. The column-averaged mole fraction XCO times larger (typically 240 km across track compared to
is computed as follows: 60 km for the forward scan).

co — The surface elevation has to be less than 5km as higher
XCO 3) altitudes are not covered by the current look-up table.

“ogophy
In addition, we filter for strong aerosol contamination as

where C(§°' is the retrieved absolute GOcolumn (in will be described in the next section.

molecules/crf), ogO' is the retrieved absolutez@olumn (in

molecules/crf), and " is the assumed (column-averaged) 3-4 Aerosol filtering

mole fraction of Q used to convert the Ocolumn into a N : )

corresponding dry air column and is equal to 0.2095. TheYnaccounted variability of aerosols and clouds (including

resulting XCQ for the time period 2003-2005 is shown in cirrus) in the retrieval is an important error source for
Fig. 4 and will be discussed in Se&. CO, measurements from spac€o{ton and Plouffe 2001

O’Brien and Rayner2002 Kuang et al, 2002 Dufour and
3.3 Quality flags Bréon 2003 Buchwitz and Burrows2004 Buchwitz et
al, 20053 Christi and Stephens2004 Mao and Kawa

In order to separate out ground scenes affected by clouds {004 Houweling et al.2005 van Diedenhoven et a003
poor spectral fits, quality flags marking successful measureBarkley et al, 2006a Aben et al, 200§ Bril et al., 2007)

ments are set for each single measurement (i.e., for each ofs aerosols are highly variable and their optical properties
served ground scene). (e.g., vertical profiles of phase function, extinction and scat-

For the column-averaged dry air mole fraction of car- tering coefficients) are not known for each scene observed

and are subsequently used for the analysis described in thigalistically enhanced values appearing in the retrieved CO
manuscript: mole fraction are correlated with enhanced levels of absorb-

ing aerosols as retrieved by Earth Probe/TOM@rfnan et

— The root-mean-square (RMS) of the fit residuum (rel- &l. 1997 obtained fromhttp:/toms.gsfc.nasa.govAerosol

ative difference between measurement and model aftefypes detected by the TOMS AAl include desert dust, smoke
the fit) in the CQ fitting window has to be less than and volcanic ash located at least 2 km above the surface. Dur-

0.25%. ing June 2003 the Absorbing Aerosol Index (AAl) is high
over the Sahara due to desert dust storms. During this month
— The RMS of the fit residuum in the Citting window  the SCIAMACHY carbon dioxide data product also shows

has to be less than 2%. high values and good correlation with the aerosol index. Dur-
_ ing November AAI is low and the SCIAMACHY XC®is
— The CQ column fit error has to be less than 2.5%. not enhanced. This comparison shows that the retrieved car-

The ob q h b v cloud f cl (5)0n dioxide mole fraction can exhibit large (few percent) er-
— The observed scene has to be nearly cloud free. Cloug, ¢ in case of strong desert dust storms. To remove aerosol

contaminated 'ground Scenes are idgntified .using %ontaminated retrieved XGJor cases of high aerosol load,
threshold algorithm based on sub.—p|>$el information pro- primarily over deserts (mainly Sahara), we apply an addi-
\Sde.d by;&eDSC:]AMA?TE POIa.”Zat'OE Measubrenllent tional quality criterion for the global analysis of XGOy
e\./'ci( )Cd ann(_ab d ;techtm_g en ellnce ac Scat'rejecting ground scenes where the TOMS aerosol index is
terint e_U_V as described Buchwitz et a {20053. In greater than a specific threshold. Fig@ridustrates the AAI
addition it is required that the retrievec ©olumn has filtering
to be Larger tlhar; ]?O% of tfhe as'lsumgd a-p;lo,’f]l (Ibkl In this context it is interesting to investigate whether the
umn ( ete_rmTe rom surface elevation and the KNOWNg e ot of gverestimated COmole fractions in case of strong
mixing ratio of G). desert dust storms is dominated by errors of the G0the

— The SZA has to be less than “7%as the signal gets th cSoIl;]mn. I;igyrez shqws Lhe XC? data prloduct.ovec: 0
weaker for high SZAs and the sensitivity to changest e Sahara obtained using the simultaneously retrieve

of the absorber amount in the boundary layer decreasegoIumn compared to that derived using model @lumns .
with increasing SZA (saturation)). computed from surface pressure obtained from meteorologi-

cal analysis:

— The ground pixel must be over land (as the signal-to- p(mod) 024molec
noise ratio is typically significantly worse over water). OZ(mOO):ma' 451107 (4)
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Assuming tha.t the computed oxygen columrl ObtalnedTable 1. Results of the error analysis for different constant albedos
from meteorological (ECMWF) surface pressure is accurate performed by applying WFM-DOAS to simulated SCIAMACHY
it can be concluded that the enhanced®(mod) ratio  gpectra. The results are valid for a solar zenith angle 8@l a
over the Sahara must be due to an (at least relative to the susurface elevation corresponding to sea level.
rounding areas) overestimated £€@olumn, which is con-

sistent with the findings oHouweling et al.(2005 who CO, column G column XCQ
showed by simulated retrievals that aerosol-induced path Albedo error [%] error [%]  error [%]
length enhancements can explain unrealistically enhanced
carbon dioxide columns in the presence of desert dust. 0600033 _8'3? 8'3? :g'gg
Figure 7 additionally shows that the GOcolumn error 0.05 _0.05 _0.02 _0.03
cancels partially when computing the ratio with the measured 0.08 —0.04 001 —0.03
O, columns. Therefore it can be concluded that aerosols due 0.10 —0.01 0.01 —0.02
to strong desert dust storms are causing an overestimation of 0.15 -0.13 -0.16 0.03
both the CQ and G columns but affecting C&to a greater 0.20 -0.13 -0.18 0.05
extent so that the errors do not cancel completely in XCO 0.30 -0.01 0.01 -0.02
As can be seen, the GQield is smoothest (and probably 0.40 0.18 031 -0.13

most realistic) if the aerosol filter is applied and if the re-
trieved CQ is normalized using the retrieved,@olumns
due to better cancellation of errors when the retrieved O
is used to compute XCO We therefore conclude that the upper bound of the theoretical precision of the Xfan be
XCO, shown in the bottom left panel is the most accurate ofestimated to be slightly larger than 1% using radiative trans-
the four XCQ data sets shown here. fer simulations and the instrument’s signal-to-noise perfor-
As WFM