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Abstract. The near-infrared nadir spectra measured bymethane (ChH) and carbon dioxide (C£) is important for
SCIAMACHY on-board ENVISAT contain information on many reasons. CO, for example, plays a central role in
the vertical columns of important atmospheric trace gasedropospheric chemistry (see, e.Bgrgamaschi et gl200Q
such as carbon monoxide (CO), methane fLthnd car- and references given therein) as CO is the leading sink of
bon dioxide (CQ). The scientific algorithm WFM-DOAS the hydroxyl radical (OH) which itself largely determines
has been used to retrieve this information. For,Cihd the oxidizing capacity of the troposphere and, therefore, its
CQO, also column averaged mixing ratios (XgkEnd XCQ) self-cleansing efficiency and the concentration of greenhouse
have been determined by simultaneous measurements of thigases such as GHCO also has large air quality impact as a
dry air mass. All available spectra of the year 2003 haveprecurser to tropospheric ozone, a secondary pollutant asso-
been processed. We describe the algorithm versions used wated with respiratory problems and decreased crop yields.
generate the data (v0.4; for methane also v0.41) and sho8atellite measurements of GHCO,, and CO in combination
comparisons of monthly averaged data over land with globalith inverse modeling have the potential to help better under-
measurements (CO from MOPITT) and models (for@Add  stand their surface sources and sinks than currently possible
COy). We show that elevated concentrations of CO result-with the very accurate but rather sparse data from the net-
ing from biomass burning have been detected in reasonableork of surface stations (sd¢ouweling et al. 1999 2004
agreement with MOPITT. The measured Xgid enhanced Rayner and O’Brien2001, and references given therein). A
over India, south-east Asia, and central Africa in Septem-better understanding of the sources and sinks of, @rtd
ber/October 2003 in line with model simulations, where they CO, is important for example to accurately predict the future
result from surface sources of methane such as rice fields ancbncentrations of these gases and associated climate change.
wetlands. The C@measurements over the Northern Hemi- Monitoring of the emissions of these gases is also required
sphere show the lowest mixing ratios around July in quali-by the Kyoto protocol.
tative agreement with model simulations indicating that the The first CO measurements from SCIAMACHY have
large scale pattern of CQuptake by the growing vegetation been presented iBuchwitz et al.(2004), and first results
can be detected with SCIAMACHY. We also identified po- on CH; and CQ have been presented Buchwitz et al.
tential problems such as a too low inter-hemispheric gradien{2005, both papers focusing on a detailed analysis of single
for CO, a time dependent bias of the methane columns on theay data (except for C£for which also time averaged data
order of a few percent, and a few percent too high, ©@er have been discussed). Here we present the first large data set
parts of the Sahara. of the above mentioned gases obtained by processing nearly a
year of nadir radiance spectra using initial versions (v0.4 and
v0.41) of the WFM-DOAS retrieval algorithm. WFM-DOAS
is a scientific retrieval algorithm which is independent of the
o official operational algorithm of DLR/ESA.
O o oMY The SCIAMACHYMFH-DOAS datase has been corr-
pared with independent ground based Fourier Transform
Correspondence tadvl. Buchwitz Spectroscopy (FTS) measurements. These comparisons,
(michael.buchwitz@iup.physik.uni-bremen.de) which are limited to the data close to a given ground station,
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are described elsewhere in this issDdg et al, 2005 Suss-  Measurement Device (PMD) number4320-380 nm) have
mann et al. 2009. Initial comparison for a sub-set of the been used. In addition, channel 4 has been used to determine
data can be found ide Maziere et al(2004); Sussmann the mass of dry air from oxygen pcolumn measurements
and Buchwitz(2005; Warneke et al(2005. The findings  using the @ A band. Channels 4, 6 and 8 measure simulta-
of these validation studies are consistent with the findingsneously the spectral regions 600-800 nm, 970-1772 nm and
that will be reported in this study. Here, however, we focus 2360-2385 nm at spectral resolutions of 0.4, 1.4 and 0.2 nm,
on the comparison with global reference data. respectively. For SCIAMACHY the spatial resolution, i.e.,
High quality trace gas column retrieval from the SCIA- the footprint size of a single nadir measurement, depends on
MACHY near-infrared spectra is a challenging task for many the spectral interval and orbital position. For channel 8 data
reasons, e.g., because of calibration issues mainly related tie spatial resolution is 30120 kn? corresponding to an in-
high and variable dark signal&loudemans et gl2005, be-  tegration time of 0.5 s, except at high solar zenith angles (e.g.,
cause the weak CO lines are difficult to be detected, and bepolar regions in summer hemisphere), where the pixel size is
cause of the challenging accuracy and precision requirementsvice as large (32240kn?). For the channel 4 and 6 data
for CO, (Rayner and O’Brien2001; Houweling et al. 2004 used for this study the integration time is mostly 0.25 s cor-
and CH.. When developing a retrieval algorithm many deci- responding to a horizontal resolution of 360 ki?. SCIA-
sions have to be made (selection of spectral fitting window,MACHY also performs direct (extraterrestrial) sun observa-
inversion procedure including definition of fit parameters andtions, e.g., to obtain the solar reference spectra needed for the
use of a priori information, radiative transfer approximations, retrieval.
etc.) to process the data in an optimum way such that a good SCIAMACHY is one of the first instruments that performs
compromise is achieved between processing speed and accoadir observations in the near-infrared (NIR) spectral region
racy of the data products. In this context it is important to (i.e., around Z2m). In contrast to the ultra violet (UV) and
point out that other groups are also working on this impor-visible spectral regions where high performance Si detec-
tant topic using quite different approaches (&feudemans tors have been manufactured for a long time, no appropriate
et al, 2004 2005 Frankenberg et al2005ab,c; Houweling  near-infrared detectors were available when SCIAMACHY
et al, 2005. was designed. The near-infrared InGaAs detectors of SCIA-
This paper is organized as follows: In Se2tthe SCIA- MACHY were a special development for SCIAMACHY.
MACHY instrument is introduced followed by a description Compared to the UV-visible detectors they are character-
of the WFM-DOAS retrieval algorithm in Se@. Sectiond ized by a substantially higher pixel-to-pixel variability of the
gives an overview about the processed data mainly in termsjuantum efficiency and the dark (leakage) current. Each de-
of time coverage. The main sections are the three Seefs. tector array has a large number of dead and bad pixels. In
where the results for CO, Chland CQ are separately pre- addition, the dark signal is significantly higher compared to
sented and discussed. The conclusions are given in &ect.the UV-visible mainly because of thermal radiation gener-
and a short summary of our latest developments (v0.5 CGated by the instrument itself. The in-flight optical perfor-
and XCHy) is given in Sect9. mance of SCIAMACHY is overall as expected from the on-
ground calibration and characterization activiti@oyens-
mann et al. 2004. One exception is the time dependent
2 The SCIAMACHY instrument optical throughput variation in the SCIAMACHY NIR chan-
nels 7 and 8 due the build-up of an ice layer on the detectors
The SCanning Imaging Absorption spectroMeter for At- ("ice issue”) Gloudemans et g12005. This effect is min-
mospheric CHartographY (SCIAMACHY) instrumerBr-  imized by regular heating of the instrumerBo{ensmann
rows et al, 1995 Bovensmann et al1999 2009 is part of et al, 2004 during decontamination phases. The ice lay-
the atmospheric chemistry payload of the European Spacers adversely influence the quality of the retrieval of all gases
Agencies (ESA) environmental satellite ENVISAT, launched discussed in this paper as they result in reduced throughput
in March 2002. ENVISAT flies in sun-synchronous polar (transmission) and, therefore, reduced signal and signal-to-
low Earth orbit crossing the equator at 10:00 AM local time. noise performance. In addition, changes of the instrument
SCIAMACHY is a grating spectrometer that measures specsilit function have been observed which introduce systematic
tra of scattered, reflected, and transmitted solar radiation irerrors Gloudemans et al2005. All these issues complicate
the spectral region 240-2400 nm in nadir, limb, and solar andhe retrieval.
lunar occultation viewing modes.
SCIAMACHY consists of eight main spectral channels
(each equipped with a linear detector array with 1024 de-3 WFM-DOAS retrieval algorithm
tector pixels) and seven spectrally broad band Polarization
Measurement Devices (PMDs) (details are giveBavens-  The Weighting Function Modified Differential Optical Ab-
mann et al.1999. For this study observations of channel 6 sorption Spectroscopy (WFM-DOAS) retrieval algorithm
(for COp) and 8 (for CH, CO, and NO), and Polarization and its current implementation is described in detalil
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Fig. 1. Number of orbits per day of the year 2003 processed by WFM-DOAS (blue lines). The maximum number of orbits per day is about
14 (~100%). The red shaded areas indicate the decontamination phases performed to get rid of the ice layer that grows on the near-infrarec
detectors of channels 7 and 8. Data gaps are due to decontamination but also due to other (mostly ground processing related) reasons.

elsewhere Buchwitz et al, 2000a 2004 2005. In based on HITRAN2000/2003 line parameteRpthmann et
short, WFM-DOAS is an unconstrained linear-least squarel., 2003. A short description is also provided Buchwitz
method based on scaling pre-selected trace gas vertical pret al.(2005.

files. The fit parameters are the desired vertical columns. The
logarithm of a linearized radiative transfer model plus a low- i y S
order polynomial is fitted to the logarithm of the ratio of the US€ @ simple threshold algorithm based on sub-pixel infor-
measured nadir radiance and solar irradiance spectrum, i.gTation as provided by the SCIAMACHY Polarization Mea-
observed sun-normalized radiance. The WFM-DOAS refer-SUrement Devices (PMDs) (details are giverBuchwitz et
ence spectra are the logarithm of the sun-normalized radi@l» 2004 2009. We use PMD1 which corresponds to the
ance and its derivatives. They are computed with a radiativePectral region 320-380nm located in the UV part of the
transfer model taking into account line-absorption and mul-SPectrum. Strictly speaking, the algorithm detects enhanced
tiple scatteringBuchwitz et al, 20008. A fast look-up table backscatter in the UV. Enhanced uv backs_catter mainly re-
scheme has been developed in order to avoid time consuminﬁults fro.m clouds but might also be due to high aerosol Iogd—
on-line radiative transfer simulations. A detailed description ™9 ©F high surface UV spectral reflectance. As a result, ice
of the look-up table is given iBuchwitz and Burrow$2004) or snow covered surfaces may be wrongly classified as cloud

(please note that the current version of the look-up table iscontamlne_lted. This needs to be improved in future versions
of our retrieval method.

In order to identify cloud-contaminated ground pixels we

www.atmos-chem-phys.org/acp/5/3313/ Atmos. Chem. Phys., 5, 33232005



3316 M. Buchwitz et al.: CO, Cl and CQ columns from SCIAMACHY

The quality of the WFM-DOAS fits in the near-infrared is MOPITT. Globally, for measurements over land, the stan-
poor (i.e., the fit residuals are large) when applying WFM- dard deviation of the difference with respect to MOPITT
DOAS to the operational Level 1 data products. In order towas shown to be in the range 0.4—B0'8 molecules/crh
improve the quality of the fits and thereby the quality of our and the linear correlation coefficient between 0.4 and 0.7.
data products we pre-process the operational Level 1 dat@ahe differences of the CO from the two sensors depend on
products mainly with respect to a better dark signal calibra-time and location but are typically within 30% for most lat-
tion (seeBuchwitz et al, 2004 2005. In addition, there are itudes. Perfect agreement with MOPITT is, however, not to
indications that the in-orbit slit function of SCIAMACHY is  be expected for a number of reasons (differences in overpass
different from the one measured on-grouidldudemans et time, spatial resolution, etc.). In this context it is important
al., 2005 due to the ice layer (see Se@). We use a slit to point out that the sensitivity of SCIAMACHY measure-
function that has been determined by applying WFM-DOAS ments is nearly independent of altitude whereas the sensitiv-
to the in-orbit nadir measurements. We selected the one thaty of MOPITT to boundary layer CO is low. On the other
resulted in best fits, i.e., smallest fit residuum (Beehwitz hand, retrieval of CO from SCIAMACHY is not unproblem-
et al, 2004 2005. atic. For example, the WFM-DOAS v0.4 CO columns are

scaled with a constant factor of 0.5 to compensate for an ob-

vious overestimation (seguchwitz et al, 2004 for details).
4 WFM-DOAS data products: Time coverage This overestimation is most probably closely related to the

difficulty of accurately fitting the weak CO lines in the se-
The WFM-DOAS trace gas column data products have beetected fitting window (note that the CO columns of our new
derived by processing all consolidated SCIAMACHY Level version 0.5 data product, which is retrieved from a different
1 operational product files (i.e., the calibrated and geolocateditting window, are not scaled any more; see S8dor de-
spectra) of the year 2003 that have been made available btails). The fit residuals, which are on the order of the CO
ESA/DLR (up to mid-2004). Figurd gives an overview lines, are not signal-to-noise limited but dominated by (not
about the number of orbits per day that have been processegiet understood) rather stable spectral artifacts.
The maximum number of orbits per day is about fourteen. Figure 2 shows a comparison of tri-monthly averaged
As can been seen (blue lines), all 14 orbits were available foMVWFM-DOAS version 0.4 CO columns with CO from MO-
only a small number of days. For many days no data werePITT (version 3). Because of the low surface reflectivity
available. Many of the large data gaps are due to decontamief water in the NIR (outside sun-glint conditions) the nadir
nation phases (see Se2twhich are indicated by red shaded measurements are noisy over the ocean. Therefore, we focus
areas. For November and December 2003 no consolidatedn SCIAMACHY measurements over land. Only these mea-
(i.e., full product) orbit files have been made available (for surements are shown in Fig. The same land mask as used
ground processing related reasons). for SCIAMACHY has also been used for MOPITT to ease

the comparison. SCIAMACHY data have only been included

in Fig. 2 if the CO fit error was less than 60% and when the
5 Carbon monoxide (CO) pixels were cloud free. As can be seen from Higthere

are large SCIAMACHY data gaps. Therefore, the SCIA-
CO columns have been retrieved from a small spectral fittingMACHY data shown in Fig2 are not tri-monthly averages
window (2359-2370 nm) located in SCIAMACHY channel obtained from a bias free sampling. For example, the July-
8. The fitting window covers four CO absorption lines. September average is strongly weighted towards July and
The retrieval is complicated by strong overlapping absorp-September due to along decontamination period with no data
tion features of methane and water vapor. The first CO re4in August. There are also gaps in the tropical region due to
sults from SCIAMACHY have been presentedBrachwitz persistent cloud cover. Furthermore, there are no data over
et al. (2009 focusing on a detailed analysis of three days of Greenland and Antarctica, and over large parts of the North-
data of the year 2003. For details concerning pre-processingrn Hemisphere in the period January to March. This is par-
of the spectra (for improving the calibration), WFM-DOAS tially also due to clouds but mainly due to ice/snow covered
v0.4 retrieval, vertical column averaging kernels, quality of surfaces because of the limitations of the cloud detection al-
the spectral fits, and a quantitative comparison with MO-gorithm.
PITT Version 3 CO columnsOeeter et a].2003 Emmons When comparing the January—March data from SCIA-
et al, 2009 we refer toBuchwitz et al.(2004. An initial MACHY and MOPITT one can see that there are similari-
error analysis using simulated measurements can be found ities but also differences. For example, the inter-hemispheric
Buchwitz et al.(2004 and Buchwitz and Burrowg2004 difference is clearly visible for MOPITT but barely visible
where it is shown that the retrieval errors are expected tdor SCIAMACHY. Both sensors see low columns over re-
be less than about 20%. Buchwitz et al.(2009) it has  gions of elevated surface topography (Himalaya, Andes and
been shown that plumes of elevated CO can be detecteBocky Mountains) and high columns over the western part
with single overpass data in good qualitative agreement withof central Africa (where significant biomass burning is going
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Fig. 2. Tri-monthly averaged CO columns over land from SCIAMACHY/ENVISAT (left) and MOPITT/EOS-Terra (right). Only the columns
over land are shown because the quality of the SCIAMACHY CO columns over water is low due to the low reflectivity of water in the near-
infrared. For SCIAMACHY only data have been averaged where the CO fit error is less than 60% and where the PMD1 cloud identification
algorithm indicates a cloud free pixel. For MOPITT cloudy pixels are also not included.

on during the dry season), south-east Asia, parts of EuropeSCIAMACHY CO columns over the Sahel region is not yet
and the south-eastern part of the United States of Amerexactly understood but it is very likely that this is an over-
ica. Over South America and the northern part of Australiaestimation due to systematic artifacts (caused by, for exam-
SCIAMACHY sees elevated CO not observed by MOPITT. ple, aerosol). This is supported by the fact that our new ver-
sion 0.5 CO WFM-DOAS data product, which is shortly de-
During April to June both sensors see elevated CO ovelkscribed in Sect9, shows significantly lower values over this
large parts of the Northern Hemisphere (eastern part of theegion compared to v0.4. The version 0.5 CO columns are
US, Canada, western Europe and large parts of Russia (thess sensitive to errors related to average light path (or ob-
observed pattern are, however, not exactly identical), southserved airmass) uncertainty resulting from the unknown dis-
east Asia and parts of China. Over India and parts oftribution of scattering material (aerosols, clouds) in the atmo-
south-east Asia SCIAMACHY sees elevated CO not seen bysphere and/or surface reflectivity variability. The reason for
MOPITT. The largest difference over the Northern Hemi- this is that the CO v0.5 column is normalized by the methane
sphere occurs over the western part of central Africa wheresolumn obtained from the same spectral fitting window re-

the CO retrieved from SCIAMACHY is significantly higher  sulting in (at least partial) canceling of errors. Also over large
than the CO from MOPITT. The reason for the elevated
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SCIA/WEMDV0.4/XCH4 vs Ch8/Transmission In summary, the ggreement with M_OPITT.is reasgnable
B L o o e B R B but there are large differences at certain locations during cer-
“pdan Apr Jul Oct tain times of the year. More investigations are needed to ex-

plain the observed differences taking into account the differ-
ent altitude sensitivities of both sensors.

1.1

1.0, &
: 6 Methane (CHy)
09¢F
: The methane columns have been retrieved from a
small spectral fitting window (2265—-2280nm) located in
SCIAMACHY channel 8 which covers several absorption
lines of CH, and several (much weaker) absorption lines of
nitrous oxide (NO) and water vapor ($D). The main sci-
entific application of the methane measurements of SCIA-
MACHY is to obtain information on the surface sources
of methane. The modulation of methane columns due to
A N methane sources is only on the order of a few percent. This
300 is much weaker than the variation of the methane column
due to changes of surface pressure/surface elevation (be-
cause methane is well-mixed the methane column is highly
Fig. 3. The black diamonds show XGHv0.4) as measured by correlated with the total air mass over a given location and,
SCIAMACHY over the Sahara normalized by a constant referencetherefor.e’ Wlt.h surface pressure). To filter out these much
larger disturbing modulations, the methane columns need to

value of 1750 ppbv as a function of day of the year 2003 (“methane . . .
bias curve”). The red diamonds (“Transmission (orig.)”) show inde- be normalized by the observed airmass to obtain a so called

pendent measurements, namely the SCIAMACHY channel 8 transdry a@ir column averaged mixing ratio of methane (denoted
mission which changes due to the varying ice layer on the detectorXCHa). To accomplish this, oxygen ¢columns have been
This curve has been determined by averaging the signal of the soldietrieved in addition to the methane columns. From the oxy-
measurements and normalizing it. The magemtp‘Transmission ~ gen columns the airmass can be calculated using its constant
(transformed)” curve has been obtained by a linear transformatiommixing ratio of 0.2095. The ©columns used to compute the

of the red ) curve, i.e., by computingi=A+Br. Applying the  WFM-DOAS v0.4 XCH, data product have been retrieved
same coefficients A and B as used for the data before day 230 also t§om the SCIAMACHY measurements in the, @ band

the data after day 230 results in the yellow curve which still Showsspectral region (around 760 nm; channel 4).

an offset with respect to the black methane bias curve. To get a bet-" _.
ter match, two sets of coefficients have been used, one for the data First CHy results from SCIAMACHY have been presented

before day 230 and another set for the data after day 230. The red! Buchwitz et al.(2009 focusing on & dEIa"eP' analysis Qf

son why different coefficients are needed is most probably becausfPur days of data of the year 2003. For details concerning
the spatial distribution of the ice layer on the detector changes withPre-processing of the spectra (to improve the calibration),
time. WFM-DOAS (v0.4) processing, averaging kernels, quality

of the spectral fits, an initial error analysis (see dah-

witz and Burrows2004), and a quantitative comparison with
parts of South America the SCIAMACHY measurements areglobal models we refer to that study. According to the er-
significantly higher than MOPITT (WFM-DOAS version 0.5 ror analysis errors of a few percent due to undetected cirrus
also shows higher values than MOPITT confirming the v0.4clouds, aerosols, surface reflectivity, temperature and pres-
results). For the time period July to September the patterrsure profiles, etc., are to be expected. It has been shown
of elevated CO as observed by SCIAMACHY is similar to in Buchwitz et al.(2005 that the WFM-DOAS Version 0.4
the SCIAMACHY observations during April to June. The methane columns have a time dependent (nearly globally
main differences are: (i) higher values over Southern Amer-uniform) bias of up to —15% (low bias of SCIAMACHY)
ica (in quantitative agreement with MOPITT; note that this for one of the four days that have been analyzed. The bias
is the time where most of the biomass burning takes places correlated with the time after the last decontamination per-
in this area) and (ii) higher values over the eastern part oformed to get rid of the ice layers on the detector. There-
northern Russia (also observed by MOPITT). There are alsdore, Buchwitz et al (2005 concluded that the bias might be
significant differences when comparing the SCIAMACHY due to the “ice-issue” (see Se@). This is consistent with
data with MOPITT especially over the northern part of cen- the finding ofGloudemans et a(2005 that the ice build-up
tral Africa, the eastern US, south-east Asia and over most obn the detectors results in a broadening of the instrument slit
the mid to high latitude parts of the Northern Hemisphere. function (the wider the slit function compared to the assumed
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Fig. 4. Column averaged mixing ratios of methane (XgHs measured by SCIAMACHY over land using WFM-DOAS v0.41 (left)
compared to TM5 model data (right). For SCIAMACHY only the measurements from cloud free pixels have been averaged where the
methane error is less than 10%. The model data have been averaged taking into account the daily sampling of the SCIAMACHY data. The
model data have been scaled by a constant factor of 1.03 to compensate for the bias between the two data seds (see Fig.

slit function, the larger the underestimation of the retrievedmeasured channel 8 transmission loss also shown in3Fig.
methane column). (red diamonds). The transmission has been determined by

Typically, the weak methane source signal is difficult to averaging the signal of the channel 8 solar measurements

be clearly detected with single overpass or single day Scla0rmalized to a reference measurement at the beginning of
MACHY data. For accurate detection of methane sourced"® Mission. The varying transmission is a consequence of

averages have to be computed. Because of the time depeH]e varying ice_ layer on t_he detectors. Figereh_ows a third
dent bias of the WFM-DOAS v0.4 methane columns this is, SUTVe: the (daily) correction factor (magenta diamonds). The
however, not directly possible correction factor curve has been obtained by linearly trans-

forming the transmission curve. The coefficients of the lin-
In the following we describe how we have processedegr transformation have been selected such that a good match

the SCIAMACHY data to get an improved version of our is gptained with the methane bias curve. In order to correct
methane data product (Version 0.41) by applying a bias corthe WFM-DOAS v0.4 methane columns for the systematic
rection to the v0.4 methane columns. We assume that th@rors introduced by the ice layer the correction factors are
data can be sufficiently corrected by dividing the columnsapp|ied as follows: All v0.4 methane columns of a given day
by a globally constant scaling factor which only depends onpaye peen divided by the correction factor for this day. The
time (on the day of the measurement). The correction factorrected WFM-DOAS v0.4 methane columns are the new

tor has been determined as follows: For each day all cloudyFM-DOAS v0.41 (absolute) methane columns.
free v0.4 XCH measurements over the Sahara have been

averaged. The ratio of these daily average mixing ratios to a In order to generate the new WFM-DOAS v0.41 Xg£H
constant reference value (chosen to be 1750 ppbv) is approxproduct a second modification has been applied: Instead of
imately the methane bias (because methane is not constanbrmalizing the methane columns by the oxygen column re-
this is not exactly the methane bias and a certain systematitrieved from the 760 nm ©A band (as done for v0.4 XC4),

error is introduced by this assumption). This time depen-they have been normalized by the £@olumns retrieved
dent methane bias is shown in Fgy(black diamonds). This from the 1580 nm region (for details on GQ@etrieval see
bias shows a similar time dependence as the independenti8ect. 7). Using CQ rather than @ for normalizing the
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methane columns has been first propose&tankenberg et  described byBergamaschi et a(2005. Chemical destruc-
al. (20059 (the approach has been presented earlier, namelyion of CHs by OH radicals is simulated using pre-calculated
at the ENVISAT Symposium, Salzburg, Austria, SeptemberOH fields based on CBM-4 chemistry and optimized with
2004). methyl chloroform. For the stratosphere also the reaction of
The reason why normalizing methane by £@ther than ~ CH4 with Cl and O¢D) radicals are considered. The compar-
O is expected to give better results for Xgh that the  isonis limited to observations over land as the SCIAMACHY
CO, band is located spectrally much closer to the;@idnd ~ observations over ocean are less precise because of the low
than the Q@ A band. Retrieval errors due to aerosols, residualocean reflectivity in the near-infrared. For SCIAMACHY
cloud contamination, surface reflectivity uncertainties, etc.,all measurements from cloud free pixels have been averaged
are expected to be the more similar, the more similar the rawhere the CH column fit error is less than 10%. The bi-
diative transfer is (including all parameters that influence themonthly averages have been computed from daily gridded
radiative transfer such as surface albedo). In general, thislata. For the model simulations only those grid boxes where
requires that the two spectral intervals from which the two measurements were available have been used to compute the
columns are retrieved are spectrally located as close as poswverages.
sible next to each other (there are exceptions, of course, for The comparison with the model simulations shows simi-
example in case of spectral absorption features). As the COlarities but also differences. Very interestingly and in qual-
fitting window (at 1580 nm), is much closer to the ¢Hiting itative agreement with the model simulations, the measure-
window (2270 nm) than the £window (760 nm) canceling ments show high Cldmixing ratios in the September to Oc-
of errors will be better using CO In addition, when the tober 2003 average over India, southeast Asia, and over the
column retrieval from the two spectral regions suffers from western part of central Africa, which are absent or signifi-
similar instrumental/calibration errors, also these errors caneantly lower in the March to April average. In the model
cel to a certain extent (note that in Seéxtve shortly describe the high columns over these regions are a result of methane
our latest XCH data product (v0.5) derived using methane emissions mainly from rice fields, wetlands, ruminants, and
columns retrieved from channel 6, i.e., located close to thewaste handling. The good agreement with the model simula-
CO; fitting window (also channel 6) to improve the can- tions indicates that SCIAMACHY can detect these emission
celling of errorsFrankenberg et gl20059. signals. Similar findings have been reported-mankenberg
The drawback of this approach is that £19 not as con- et al.(20059. However, there are also differences compared
stant as @ mainly because of the surface sources and sinkgo the model simulations. For example, in the March—April
of COy. This approach requires that the variability of the col- average the SCIAMACHY data are a few percent higher over
umn averaged mixing ratio of GQOs small (ideally negligi- large parts of northern South America. Over large parts of
ble) compared to the variability of the column averaged mix-the Northern Hemisphere the SCIAMACHY data are a few
ing ratio of CH,. According to global model simulation this percent lower.
is a reasonable assumption. The model simulations shown We have also compared monthly averaged v0.41 XCH
in Buchwitz et al.(2005 indicate that the variability of the with (the throughput-based) bias corrected v0.4 %Qdlas-
methane column is about 6%:100 ppbv) and the variability =~ sess the impact of normalizing by GQas done for v0.41)
of the CQ column is about 1.5%H5 ppmv), i.e., a factor of compared to normalizing by £Qas done for v0.4). For ex-
four smaller than for methane. This means that the error in-ample for October 2003 this comparison showed significant
troduced by essentially assuming that{®constant is less differences. The extended plumes of high v0.41 XQrer
than about 1.5%. This is comparable to the estimated erromdia, China, and central Africa (similar as those shown in
on the WFM-DOAS v0.4 C@columns as reported Buch- Fig. 4) do not show up so clearly in the v0.4 XGHIn ad-
witz et al.(2005. It has to be pointed out, however, that this dition, there are also large differences at other places with
aspects needs more study as, for example, the Xi@8ults  the v0.4 XCH, being more “noisy” (more inhomogeneous)
from SCIAMACHY presented in Sect.show a significantly  than V0.41 XCH. This confirms that cancellation of errors
higher XCQ variability compared to model simulations. is better for v0.41 XCH (normalization by C®) than for
Figure 4 shows a comparison of WFM-DOAS v0.41 v0.4 XCH, (normalization by @). The impact of using the
XCH4 with TM5 model simulations. The TM5 model is a O, measurements to obtain column averaged mixing ratios is
two-way nested atmospheric zoom modéid] et al,, 2005. further discussed in Sec.where it has been used to obtain
It allows to define zoom regions (e.g. over Europe) which areXCO».
run at higher spatial resolution Xl deg), embedded into the Figure 5 shows a quantitative comparison of the global
global domain, run at a resolution ok@ deg. We employ daily data with the TM5 model, the correlation coefficient
the tropospheric standard version of TM5 with 25 vertical and the bias for the two versions of SCIAMACHY XGH
layers. TM5 is an off-line model and uses analyzed meteo-data products, namely v0.4 and v0.41. As can be seen, the
rological fields from the ECMWF weather forecast model to bias is significantly smaller for the v0.41 data, although not
describe advection and vertical mixing by cumulus convec-zero. There still appears to be a systematic bias due to the ice
tion and turbulent diffusion. Cld(a priori) emissions are as issue indicating that the bias correction applied to generate
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XCH4 SCIA vs TM5: bias [ppbv]
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Fig. 5. Comparison of daily SCIAMACHY XCH measurements (versions 0.4 (blue triangles) and 0.41 (black diamonds)) with TM5 model
simulations. The top panel shows the bias (SCIAMACHY-model), the middle panel the standard deviation of the difference, and the bottom
panel Pearson’s linear correlation coefficient

the v0.41 data is not perfect. Also the correlation with the Oz-normalized CQ columns have been derived, the dry air

model results is typically significantly better for the version column averaged mixing ratios XGOFirst results of CQ@

0.41 data. from SCIAMACHY have been presented Buchwitz et al.
(2005H. For details concerning pre-processing of the spectra
(for improving the calibration), WFM-DOAS (v0.4) process-

7 Carbon dioxide (COy) ing, vertical column averaging kernels, quality of the spectral

. . fits, and a quantitative comparison with global model simu-
The CQ columns have been retrieved using a small spectra|iong we refer tBuchwitz et al.(2005. An initial error

fitting window (1558-1594nm) located in SCIAMACHY 55y js using simulated measurements is giveBuichwitz
channel 6 (which is not affected by an ice layer). This SPeC-gt g1 (2005 andBuchwitz and Burrow$2004). According

tral region covers one absorption band of£nd weak ab_- to this analysis, errors of a few percent due to undetected
sorption features of water vapor. As for methane v0.4 (air or)
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cirrus clouds, aerosols, surface reflectivity, temperature anépplied to the retrieved XC£may also contribute to an en-
pressure profiles, etc., are to be expected. To compensatencement of the retrieved variability. This however requires
for a not yet understood systematic underestimation of thethat the initially retrieved columns are off by a constant off-
initially retrieved CG columns the WFM-DOAS v0.4 C©  set rather than a constant scaling factor (this aspect needs
columns have been scaled with a constant factor of 1.27 (setirther investigation). The averaging kernels in combination
Buchwitz et al, 2005 for details). The factor has been cho- with the scaling factor might explain at maximum a factor
sen to make sure that the @@olumn is near its expected of 2.2 (=1.5<1.49) overestimated variability. The different
value of about & 107 molecules/crffor a cloud free scene  resolution of the SCIAMACHY measurements (680 kn?)
with a surface elevation close to sea level and moderate suand the model simulations (1x8.8 deg) also contribute to a
face albedo. IrBuchwitz et al.(2005 it has been shown difference in the observed and the modeled variability. Fur-
that the WFM-DOAS v0.4 C@(scaled) columns agree with ther study is needed to identify the origin of the scaling fac-
model columns within a few percent (range —3.7% to +2.0%).tors for CQ and Q. Also the averaging kernels need to be
Because of the scaling factor a meaningful comparison withtaken into account when comparing with reference data. The
reference data should focus on variability in time and spacdactor of 2.2 however can only partially explain the observed
and not on the absolute level. Also the v0.4 €lumns, variability. At least a factor of 2 higher observed variability
used to compute XC§& are scaled (by 0.85). The reason still needs to be explained.
for the about 15% overestimation of the originally retrieved In the following we present a detailed comparison of the
Oz columns is currently unclear. The factor has been chosemetrieved XCQ with TM3 model simulations. TM3 3.8
to make sure that the Qcolumn is near its expected value (Heimann and Krner, 2003 is a three-dimensional global
of about 4.5¢10%*molecules/crifor a cloud free scene with  atmospheric transport model for an arbitrary number of ac-
a surface elevation close to sea level and moderate surfadé/e or passive tracers. It uses re-analyzed meteorological
albedo. In arecent paper zdin Diedenhofen et 12005 an fields from the National Center for Environmental Predic-
overestimation of 2-5% over scenes with moderate to hightion (NCEP) or from the ECMWF re-analysis. The modeled
surface albedo is found when comparing their SCIAMACHY processes comprise tracer advection, vertical transport due to
O, columns with actual meteorological data. They found thatconvective clouds and turbulent vertical transport by diffu-
2% can be explained by an offset on the measured reflectancgon. Available horizontal resolutions range from B deg
and argue that the remaining overestimation is likely due toto 1.1x1.1deg. In this case, TM3 was run with a resolu-
aerosols. Taking this into account our retrievals are still over-tion of 1.8x1.8 deg and 28 layers, and the meteorology fields
estimated by 10%. At present we cannot offer an explanawere derived from the NCEP/DOE AMIP-II reanalysis. £0
tions for this discrepancy. The investigation of this will be source/sink fields for the ocean originate frdakahaschi et
a focus of our future work. For now we have to state thatal. (2002, for anthropogenic sources from the EDGAR 3.2
the v0.4 CQ and G columns are scaled resulting in a quite database and for the biosphere from the BIOME-BGC model
large scaling factor for XC®of 1.49 (=1.27/0.85). Because (Thornton et al.2002 with inclusion of a simple parameter-
of this we focus on variability rather than on absolute XCO ization of the diurnal cycle in photosynthesis and respiration.
levels when comparing our XCQo reference data. For SCIAMACHY the averages have been computed using
In Buchwitz et al.(2009 it has been shown that the spa- only the cloud free pixels with a XCferror of less than
tial and temporal pattern of the retrieved column averagedl0%. Shown in Fig6 are only the data over land because
mixing ratio is in reasonable agreement with the model dateof the problems with measuring over the ocean in the near-
except for the amplitude of the variability. The measuredinfrared (see Sech).
variability is about a factor of four higher than the variabil- For SCIAMACHY Fig. 6 shows absolute column aver-
ity of the model data (about 6% compared to about 1.5%aged mixing ratios of C®in the range 335-385 ppmv. For
for the model data). This is also confirmed in this study TM3 “uncalibrated” XCQ-offsets are shown which are in
which provides more details on this finding. In this con- the range 0-13.7 ppmv. These offsets do not include the
text it is important to note that an overestimation of the re- (current) background concentration of &OTlherefore, not
trieved variability of about a factor 2.2 (at maximum) may the absolute values but only the variability in space and time
be explained as follows: The SCIAMACHY/WFM-DOAS should be compared. The model simulations show low CO
CO; column averaging kernels (shown Buchwitz et al, columns (compared to the mean column) over the Northern
2005 peak in the lower troposphere and have a maximumHemisphere in July 2003 compared to higher values in May
value of about 1.5. This means that the retrieved variabil-and September. This is mainly due to uptake of,@9 the
ity is overestimated by 50% (e.g., 3 ppmv instead of 2 ppmv)biosphere which results in minimum columns around July.
if this column variability is entirely due to variability in the Qualitatively the SCIAMACHY data show a similar time de-
lower troposphere (note that the averaging kernels typicallypendence with also lower columns in July compared to May
decrease with altitude and reach 1.0 (i.e., no over- or underand September. Thus the general time dependence of the
estimation) around 400 hP& { km); above 400 hPa they are SCIAMACHY retrievals is consistent with the model simu-
less than 1.0). The scaling factor of 1.49 which is currentlylations.
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Fig. 6. Comparison of SCIAMACHY XC@ (left) with TM3 model simulations (right). For SCIAMACHY all cloud free measurements
over land have been averaged where the €@umn fit error is less than 10%. For TM3 monthly averaged X@®sets are shown. These
offsets do not include the background concentration o Ctherefore, only the spatial and temporal variability should be compared. Two
different scales have been used, one for SCIAMACH2% ppmv) and one for the model simulationis§(85 ppmv), to consider the 3—4
times higher variability of the SCIAMACHY data compared to the model data.

Figure 6 shows that over large parts of the (mostly west- our retrieval algorithm which currently only considers first
ern) Sahara SCIAMACHY sees “plumes” of relatively high order effects of albedo and aerosol variability (mainly by in-
CO, (red colored areas) not present in the model simulationscluding a polynomial in our WFM-DOAS fit). Currently, for
These few percent too high GOnixing ratios may result the radiative transfer simulations, a constant surface albedo
from the high surface reflectivity over the Sahara in combina-of 0.1 is assumed and only one aerosol scenario. Accord-
tion with aerosol variability. This is qualitatively consistent ing to the error analysis presentedBnchwitz et al.(2005
with the analysis oHouweling et al(2009 who performeda the XCQ error is estimated to be +4.5% (16 ppmv over-
detailed study on the impact of aerosols and albedo on SCIAestimation) if the albedo is 0.3 instead of 0.1 (for a solar
MACHY CO> column retrievals. We are optimistic that this zenith angle of 58). Depending on the aerosol scenario and
problem can be substantially reduced in future versions ofon a number of other parameters the actual error might be
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SCIAMACHY vs TM3: XCO2 anomaly Northern Hemisphere
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Fig. 7. Comparison of daily gridded XCg&from SCIAMACHY (considering only cloud free pixels over land) with TM3 model simulations
(considering only those gridboxes for a given day where also observations have been made). First three panels: Black diamonds: SCIA-
MACHY daily average. Blue triangles: as black diamonds but for TM3. Solid lines: 31 days running means of the daily data. Red lines:
as black lines but using the TM3 surface pressure (instead of the retrievedl@nn) to convert the retrieved G@olumn to XCGQ. The

top panel shows a comparison of horthern hemispheric averages, the middle panel a comparison of southern hemispheric averages, and tt
bottom panel a comparison of the inter-hemispheric differences (northern hemispheric mean minus southern hemispheric mean). Last three
panels: The top panel shows the mean difference (SCIA-TM3) for the global data, the middle panel the standard deviation of this difference,
and the bottom panel Pearson’s linear correlation coefficient for the two data sets.

somewhat higher or lower. This indicates that the high val-variations shown by the model. It has to be made sure that
ues seen by SCIAMACHY over the Sahara may be explainedhe observed XC® modulations are not an artifact result-
by retrieval algorithm limitations as the current version doesing from, e.g., solar zenith angle dependent errors. Figure
not take albedo and aerosol variations fully into account.  shows a detailed comparison of the daily data as well as for
To provide more confidence that the uptake (and re-time averaged data (using a 31 days running mean) for the
lease) of CQ by the biosphere can be observed with SCIA- entire year 2003 data set.
MACHY, the year 2003 XCQ@data set has been investigated = Before we discuss the first three panels we will discuss the
in more detail. This is important, because the estimated rebottom part of Fig.7. The last three panels show the mean
trieval errors are on the same order as the few ppmv XCO difference between SCIAMACHY (black) and TM3 (blue),
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the standard deviation of the difference, and the correlation Anomaly XCO2 Region2 - Region1
coefficient. The mean difference is in the range -5 ppmv to
—20 ppmv (—1.5% to —5.5%; low bias of SCIAMACHY), the
standard deviation is in the range 15—-20 ppm4£{5%), and
the correlation coefficient is typically around 0.3. The red & O¢ sciamMACHY (x1/s) P&, .../
lines correspond to the same comparison, exceptthatthe COR -1 = Tz
columns have been normalized by the surface pressure of the
TM3 model to obtain the observed XGOASs one can see,
using the models surface pressure instead of the retrieyed O
column leaves the results either nearly unchanged (correla-g ‘2"
tion coefficient) or results in larger differences (larger bias 3
and standard deviation). From this one can conclude that
normalizing the C@ by O, gives better results than normal-
ization by model surface pressure although the normalization
by O, is not unproblematic because the large spectral differ- 50 100 150 200 250 300
ence between the 0A band (760 nm) and the GOband Anomaly XCO2 Region4 - Region1
(1580 nm) does not guarantee perfect cancellation of errors.
The first three panels of Fig.show a comparison of hemi-
spheric averages of the two data sets. The data are plotteac%
as anomalies, i.e., each data set has a mean value of zer
The SCIAMACHY data are shown in black, the TM3 datain <
blue. The symbols refer to daily mean values and the lines to 50 100 150 200 250 300
time averaged data (31 days running means). The red lines Day of year 2003
have the same meaning as described in the previous para-
graph (XCQ from SCIAMACHY obtained by normalizing  Fig. 8. Comparison of time series of regional Xg@ifferences
with TM3 surface pressure). The top panel shows a com<{shown as anomalies, i.e., with a mean value of zero). Top panel:
parison of northern hemispheric averages, the second pan&he SCIAMACHY data (shown in black) have been obtained as
the comparison for the Southern Hemisphere, and the thirdollows: Two regions have been defined (each 20-deg latitude
panel a comparison of the inter-hemispheric difference (NH-20-deg longitude) which are denoted region 1 (the reference region)
SH). Let us focus on the time averaged data (solid lines)and region 2 (both regions are shown in Figvhere, for example,
In the top panel the blue lines show the time dependencéhe re_ference region is shown as green rectanglc_a). I_:or each region
of the model XCQ. During the first half of the year (un- its daily average XC@has been determined (considering only mea-

- ‘ surements over land). The daily time series for the reference region
til around day 160) the model XGQs mostly larger than has been subtracted from the time series of region 2 (only if data

the average (which !s zero), during the second half of theWere available for both regions; if not the day was ignored). The
year the model XC®@is mostly lower than the average. The time series of the XC@ difference has been smoothed (21 days
minimum occurs end of July /beginning of August, after the rynning mean). Finally, the mean of the time series has been sub-
peak in the Northern Hemisphere land biosphere uptake. Th@acted. The blue curve has been obtained by applying the same
SCIAMACHY data (black solid line) show a similar time de- procedure to the TM3 model data. Annotation:denotes Pear-
pendence (except at the beginning of the year where the olson’s linear correlation coefficient ands a scaling factor obtained
served XCQ is rather constant but the model Xg8lightly from a linear least squares fit of the SCIAMACHY time series to
increases with time). Both curves cross the zero line at nearlyh® TM3 time seriess4.7 means that the SCIAMACHY XCPO

the same day. The main difference is the amplitude of the Si_ano_maly time s_eries has to be divided by 4.7 to match the TM3 tirr_1e
nusoidal time dependence, which is about a factor of foursfe”es)' _The middle and the_bottom panels show the correspondmg
larger for SCIAMACHY (8 ppmv compared to 2—3 ppmv). :gnegsenes for two other regions denoted regions 3 and 4 (shown in
The second panel shows the same comparison but for thelg' )
Southern Hemisphere. The main difference with respect to

the Northern Hemisphere is the expected six-month shift and

the much smaller amplitude of the time dependence of thd" agreement with the modeled variability. The third panel
observed XC@ (which is also “noisier”, i.e., shows more Shows the observed and modeled inter-hemispheric XCO
deviation from the smooth sinusoidal behavior of the modeldifference.

simulations). This is most probably due to less available The first three panels of Figi show that the SCIA-
data points for the Southern Hemisphere which contains lesMACHY observations are significantly correlated with the
land surfaces than the Northern Hemisphere (remember thahodel results. The time dependence of the observed XCO
only data over land are compared). Over the Southern Hemieannot be explained by a solar zenith angle dependent er-
sphere the amplitude of the observed variability is roughlyror. Over the Northern Hemisphere the minimum solar zenith
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XCO2 SCIA/WFMDvO0.4 vs TM3/MPI-BGC: Regional Differences: r

: : S Correlation coefficient r ; : :
L = <00 0.0-0.3 0.3-05 0.5-0.7 0.7-0.85 0.85-1.0
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Fig. 9. Correlation coefficient (top panel) and scaling facter(bottom panel) for SCIAMACHY and TM3 time series of regional X&£O
differences (see Fi@ for a detailed explanation). The green area indicates the reference region (region 1). Details for regions 2—4 are shown
in Fig. 8. The correlation coefficient is only shown for those regions where the final time series comprises at least 70 days. The scaling factor
(bottom panel) is only shown for a subset of the regions shown in the top panel, namely only for regions where the correlation coefficient is
larger than 0.7.

angle occurs at summer solstice (21 June; around day 170), Now we will focus on the regional scale. A comparison
i.e., close to the day where the X@®alues cross the zero between observed and modeled X£{fOr regions of size 20
line and change sign. A solar zenith angle dependent errodeg latitude times 20 deg longitude yields similar sinusoidal
would be symmetric around summer solstice, but the curvegurves (not shown here) as displayed in the first two panels
are anti-symmetric with respect to this day. This means thabf Fig. 7 for the hemispheric averages. In order to better
the observed XC®is not significantly influenced by a so- highlight regional differences we have compared differences
lar zenith angle dependent error. A significant error due tobetween time series from two regions. Typical results are
the changing solar zenith angle was not to be expected ashown in Fig.8. We have selected a smaller interval for the
the solar zenith angle dependence of the radiative transfetime averaging (21 days) compared to the interval used for
is explicitely taken into account for WFM-DOAS retrievals. Fig. 7 (31 days) to better display the regional differences.
Similar arguments can be given for atmospheric temperature

related errors. Temperature variability is taken into account The top panel of Fig8 shows the observed time series

because a temperature weighting function is included in the(In black)_ and the model t_|me SEres (in blue). _These curves
WEM-DOAS fit. are the difference of the time series of two regions, region 2

and region 1 (region 1 is denoted the reference region in the
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following). The spatial positions of both regions (and of the Table 1. Current estimates of precision and accuracy of the
regions 3 and 4 investigated in the remaining two panels) arecjAMACHY/WFM-DOAS v0.4x vertical column data products
shown in Fig9. As in Fig.7 all curves are shown as anoma- over land. The WFM-DOAS products are partially based on scaled
lies. As can be seen, the measured and the modeled cunigitially retrieved columns (the scaling factors are: 0.5 for CO, 1.27
are significantly correlated-€£0.88). The main difference is for CO,, 0.85 for G, no scaling for methane).

the amplitude. The SCIAMACHY curve has been divided

by a scaling factos, which is 4.7. This value has been deter- pata Horizontal Estimated Estimated
mined by a linear least-squares fit. The middle and the bot- product resolution  precision  accuracy

tom panels show the same comparison for two other regions [km?] (scatter) (bias)

(shown in Fig.7) but using the same reference region (re- (%] (%]

gion 1). Figure7 shows the extension of this analysis to the  co (v0.4) 30¢120 10-20 10-30

entire globe (but restricted to land surfaces) using the same (mostly positive)
region 1 as reference region as used for the detailed results xch, (v0.4)  30<120 1-6 2_15

shown in Fig.8. Shown in the top panel, which displays the (mostly negative)
correlation coefficient (see Fig.8), are only those regions XCHy4 (v0.41) 30<120 1-4 2-5

where at least 70 days with measurements were available in xco, v0.4)  30¢60 1-4 2.5

this region and (for the same days) also in the reference re
gion. The bottom panel show the scaling fact¢see Fig8)
for the sub-set of the regions shown in the top panel where

the porrelatlon coefficient is larger than 0.7 (otherwise theHemisphere compared to the Northern Hemisphere. This dis-
scaling does not make too much sense). The top panel shows

that significant correlations exist for most regions betweenC' cPaNCY 1S most probably related to the difficulty of accu-

observed and modelled XGO The bottom panel shown that rately fitting the weak CO lines covered by SCIAMACHY
the scaling factor is mostly in the range 3—7 and always IeséSee Sect). _

than 9. This analysis confirms earlier results obtained with '€ WFM-DOAS Version 0.4 methane columns have a
the same data set also indicating that the retrieved XCO time dependent bias of up to about —15% related to ice build-

variability is typically significantly larger than the variabil- UP On the channel 8 detector. Using a simple bias correction
ity of the model simulations (typically larger than a factor N improved methane data product (v0.41) has been gener-
of 2 which might be explained by the averaging kernels angted. The comparison with model simulations shows agree-

the applied scaling factor). This analysis also indicates thaf"€nt within a few percent (mostly within 5%). The compari-
SCIAMACHY seems is able to capture regional XEGif- son indicates that SCIAMACHY can detect elevated methane

ferences which is important for the main application of thesecolumns resulting from emissions from surface sources such

measurements, namely the detection and quantification of re2S fce fields and wetlands over India, southeast Asia and cen-
gional sources and sinks of GO tral Africa. Similar findings have been reportediranken-

berg et al(20059.
The (scaled) WFM-DOAS Version 0.4 G@olumns show

8 Conclusions agreement with model simulations within a few percent

(mostly within 5%). The comparison indicates that SCIA-
Nearly one year (2003) of SCIAMACHY nadir measure- MACHY is able to detect low columns of GOesulting from
ments have been processed with the WFM-DOAS retrievatiptake of CQ over the Northern Hemisphere when the veg-
algorithm (v0.4, for methane also v0.41) to generate a numetation is in its main growing season. Over highly reflecting
ber of data products: vertical columns of CO, £Hand  surfaces such as over the Sahara SCIAMACHY seems to sys-
CO,. In addition, @ columns have been retrieved to com- tematically overestimate the column averaged mixing ratio of
pute dry air column averaged mixing ratios for the relatively CO2 by a few percent most probably because of limitations
well-mixed greenhouse gases £&hd CQ, denoted XCH of the current version of the retrieval algorithm (simplified
and XCQ, respectively. The data products have been com{reatment of albedo and aerosol variability).
pared with independent measurements (CO from MOPITT) A summary of our findings from the comparisons with in-
and model simulations (for CHand CQ). dependent data shown here and elsewhBuelfwitz et al,

For the CO columns the agreement with MOPITT is 2004 2005 Gloudemans et 3l2004 de Maziere et a] 2004
mostly within 30% Buchwitz et al, 2004. SCIAMACHY  Dils etal, 2005 Sussmann et a2005 Sussmann and Buch-
detects enhanced concentrations of CO due to biomass burivitz, 2005 Warneke et a).2009 is given in Tablel which
ing similar as MOPITT. SCIAMACHY seems to system- Shows our current best estimates of precision and accuracy
atically overestimate the CO columns over large parts ofof our v0.4x data products.
the Southern Hemisphere at least for certain months where Our future work will focus on identifying the reasons for
MOPITT sees systematically lower columns in the Southernthe observed biases and to improve the accuracy of the data

www.atmos-chem-phys.org/acp/5/3313/ Atmos. Chem. Phys., 5, 33232005
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products. This work has already started an the latest status is of SPIE, 160-173 (PDF file available from WFM-DOAS web

shortly summarized in the next section. site, see end of Sect. 9), 2004.

Bovensmann, H., Burrows, J. P., Buchwitz, M., Frerick, J&NS.,
Rozanov, V. V., Chance, K. V., and Goede, A.: SCIAMACHY -
Mission Objectives and Measurement Modes, J. Atmos. Sci., 56,
127-150, 1999.

Recently (May 2005), we have reprocessed the year 2008uchwitz, M., de Beek, R., Burrows, J. P., Bovensmann, H.,

data for CO and XChl with a new version (v0.5) of the ~ Warneke, T., Notholt, J., Meirink, Goede, A. P. H., Bergam-

WFM-DOAS retrieval algorithm. Our initial analysis indi- ;sectwér?é fr:gecrérsb'(’):?j'irgzgg’ f':/cl).rlnag(éa\CMh,li\ch:’HA\\(“spzirglﬂtsepz(;lz:-

cates that at least some Of_ the major proplems identified for Initial comparison with chemistry and transport models, Atmos.

the v0.4x data products d|scussed.|n th|§ paper have been ~pem. Phys., 5, 941-962, 2005,

solved. For example, the v0.5 CO is retrieved from an op- gRref-ID: 1680-7324/acp/2005-5-941

timized fitting window and is not scaled any more (the v0.4 Bychwitz, M., de Beek, R., Bramstedt, K., Blo'S., Bovensmann,

product was scaled with the factor 0.5). The v0.5 CO is nor- H., and Burrows, J. P.: Global carbon monoxide as retrieved from

malized with the methane column retrieved from the same SCIAMACHY by WFM-DOAS, Atmos. Chem. Phys., 4, 1945—

fitting window. This approach results (at least partially) in 1960, 2004,

canceling of errors which are common to both gases (e.g., SRef-ID: 1680-7324/acp/2004-4-1945

errors due to slit function changes caused by the ice issud3tchwitz, M. and Burrows, J. P.: Retrieval of gHCO, and CQ

partial clouds, aerosols). For v0.5 XGkhe methane col- total column amounts f_rom SCIAMACHY negr-lnfrared nadir

umn is obtained from channel 6 which is not affected by the spectra: Retrieval algorithm and first results, in: Remote Sens-

L . . ing of Clouds and the Atmosphere VIII, edited by: &, K.
ice issue. More details concerning the v0.5 CO and methane P.. Contron, A., Carleer, M. R., and Picard, R. H., vol. 5235 of

data products are given in a separate paper (de Beek et al., Proceedings of SPIE, 375-388 (PDF file available from WFM-

2005). DOAS web site, see end of Sect. 9), 2004.

Buchwitz, M., Rozanov, V. V., and Burrows, J. P.: A near infrared
optimized DOAS method for the fast global retrieval of atmo-
spheric CH, CO, CGQ, H>0O, and NO total column amounts

9 Outlook
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