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Fig. 1. Intercomparison of the SCIAMACHY WFMDv2.1 XC9  Fig. 2. Carbon dioxide time series with derived linear trends sub-
time series of monthly means (black) with ground based Fouriertracted. The solid lines have been smoothed using a five-month
Transform Spectroscopy (FTS) measurements (red) and CarborHann window (which has a similar frequency response to a two-
Tracker (blue) at selected TCCON sites for the years 2003—2009and-a-half-month boxcar filter but better attenuation of high fre-
The vertical bars correspond to the standard deviations of the datguencies). The shaded areas represent the standard deviation of
within a given month. The following numbers have been computedthe unsmoothed satellite data. The annual increases and the am-
based on the monthly averagesiSCIAMACHY, T D TCCON, plitudes of the seasonal cycle are stated for data sets with sufficient
M D Model): d is the absolute mean difference (in ppmjjenotes  data available for computation (e.g., at least three years of data are
the standard deviation of the difference (in ppm), amslthe corre- required to reliably determine the annual increase). The complete
lation coefficient. The complete results are summarised in Table results are summarised in Talde
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umn retrievals, suffers from an increasing number of dead
and bad detector pixels including so-called random telegraph
detector pixels, which unpredictably jump between at least
two quasi-stable dark signal levels¢htenberg et a).2006
Frankenberg et 312011, Schneising et al2011). As a re-
sult, the detector pixel mask had to be altered for time periods
after November 2005. Therefore, the results are also divided
in the two periods before and after the pixel mask change in
addition to the results for the entire time period.

For the entire time period, the relative accuracy quantify-
ing regional biases amounts to 19 ppb relative to TCCON and
8 ppb relative to TM5. The regional precision of the SCIA-
MACHY data is about 17 ppb relative to both comparative
data sets with mean correlations 009 and 031 to TCCON
and TM5, respectively. As expected from the loss of sig-
nal resulting from the loss of detector pixels used in the re-
trieval, the analysis of the separated time periods confirms
that the SCIAMACHY methane data after November 2005
are of reduced quality: the relative accuracy degrades from
3ppb before to 15ppb after the pixel mask change when
compared with TM5 and from 3 ppb to 20 ppb when com-
pared to TCCON. However, the comparison to TCCON for
the first time period is only possible for two sites, namely
Park Falls and Darwin, because the other sites were estab-
lished later than 2005.

The most prominent adverse feature of the SCIAMACHY
data in connection with the pixel mask change is the change
of the absolute methane levels before and after the alteration
in Darwin suggesting a negative tropical bias after Novem-
ber 2005, which is consistent with the findingsSdthneis-
ing et al. (201Y) for latitudinal averages. A possible rea-
son is spectroscopic interference with water vapour, which
is highly abundant in the tropic§(ankenberg et 312008a
Schneising et al.2009. The interference is presumably
more or less pronounced in the methane fitting window de-
pending on the used detector pixel mask. This potential issue
might be resolved in the future by developing a bias correc-
tion as a function of water vapour abundance based on exter-
nal information about collocated water vapour retrieved from
SCIAMACHY’s spectral measurements in the visible wave-
length region oél et al, 2004.

5 Conclusions

time series of monthly means with ground based Fourier Transform ) ) )
Spectroscopy (FTS) measurements and TM5-4DVAR at selected his manuscript presents and discusses the comparison of

TCCON sites for the years 2003—-2009 as in HigThe complete
results are summarised in Talde

4.2 Methane

The methane results are shown in Ta®lerhich is structured

a global long-term (2003—-2009) data set of atmospheric car-
bon dioxide and methane column-averaged dry air mole frac-
tions retrieved from SCIAMACHY using the scientific re-
trieval algorithm WFM-DOAS with both ground-based FTS
measurements and model results at several TCCON sites pro-
viding realistic error estimates of the satellite data.

It is demonstrated that the empirical correction to resolve

as in the case of carbon dioxide discussed above. SCIAthe dependency of the single X@GQneasurement on the
MACHY’s channel 6+, which is used for the methane col- signed scan angle has no significant impact on the validation
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results based on monthly means because many measurtiat the SCIAMACHY methane data are suitable for inverse
ments are averaged. modelling to deduce regional sources and sinks worldwide
The differences between the SCIAMACHY and Carbon- for this time period.
Tracker carbon dioxide annual increases are not significant In conclusion, we have seen that atmospheric greenhouse
(with typical standard errors in the range of about-0 gas mole fractions retrieved by SCIAMACHY may poten-
0.2ppm for SCIAMACHY monthly composite averages). tially provide additional information about the carbon cycle
The same is true for the seasonal cycle amplitudes of SCIAwhen used in inverse modelling at least under specific re-
MACHY and TCCON on the Northern Hemisphere (stan- gional and temporal limitations. This might apply for ex-
dard errors of the order of B-0.3 ppm, respectively). How- ample to the interaction of vegetation with the atmosphere,
ever, the differences of northern hemispheric TCCON am-because it was shown that the absolute values of the northern
plitudes with respect to CarbonTracker are significant for ahemispheric TCCON amplitudes are closer to SCIAMACHY
subset of the analysed sites. In this context, it has to behan to CarbonTracker in all cases where corresponding esti-
noted that CarbonTracker exhibits smaller standard errors ofnates are available for all data sets at the same time and that
the seasonal cycle amplitudes ol @pm making the detec- the corresponding differences are not significant when com-
tion of significant differences to other data sets easier. Typpared with SCIAMACHY, whereas they can be significant on
ically, the XCQ seasonal cycle amplitudes derived from a subset of sites when compared with CarbonTracker.
SCIAMACHY are somewhat larger than those from TCCON  Further improvements can presumably be achieved by
which are in turn larger than those from CarbonTracker. Inevaluating systematic errors with an empirical neural-
general, there is good agreement between the three data setstwork-type multivariate regression approach similar to
in the case of carbon dioxide with the exception of Darwin. Wunch et al.(20118 with physically meaningful regres-
At this location, the SCIAMACHY seasonal cycle seems to sion coefficients or by accounting for additional physical pa-
be affected by artefacts, which are attributed to potential rerameters in the forward model (e.g., cloud parameters as in
trieval problems in the tropics arising from the fact that un- Reuter et al.201Q 2011). Present or future instruments with
detected clouds are not taken into account in the modellinchigher spatial and spectral resolution like GOSAT, OCO-2,
of the radiative transfer. This is supported by the finding, or CarbonSat will potentially achieve higher relative accu-
that the issue at Darwin can be largely resolved by usingracy, but SCIAMACHY remains the only satellite instrument
alternative SCIAMACHY retrievals based on computation- measuring the two most important anthropogenic greenhouse
ally expensive online radiative transfer calculations includinggases carbon dioxide and methane with high sensitivity in the
selected cloud parameters in the state ved®muter et al.  boundary layer within the time period 2002—-2009. Itis yield-
201D). ing a valuable first set of data for the column-averaged dry
The regional relative precision of XGQs estimated to  air mole fractions of carbon dioxide and methane from space
be about 2 ppm and the relative accuracy isl312ppm  and demonstrating the need for accurate retrieval techniques
for monthly averages within a radius of 500 km. Exclud- and a proper error characterisation.
ing Darwin, the regional relative precision is9ppm, the
relative accuracy is.1ppm, and the mean correlation is Acknowledgementsie thank ESA and DLR for providing us with
0.92 compared to CarbonTracker. These estimates indicatéhe SCIAMACHY Level 1 data and the SCIAMACHY calibra-
that SCIAMACHY measurements potentially provide valu- tion team (DLR, SRON, University of Bremen, ESA, and others)

able information for regional source/sink determination by fort CO““”“"E?'Y i”&p;OVi”?hthenggi&y gftth‘; S%?Ctra- TCtCEi)Nb
[ odelling techniques in places where surface ﬂaslq_laa were obtained from the ata /Archive, operated by
Inverse m g d P e California Institute of Technology from the website Htp:

observations are sparse at least outside the southemn heni}t_ccon.ipac.caltech.edu/ CarbonTracker 2010 results were pro-

spheric tropics. . . . . vided by NOAA ESRL, Boulder, Colorado, USA from the website
For XCH, we derive a regional relative precision of 17 ppb http://carbontracker.noaa.gov

and a relative accuracy of about 10—20 ppb for monthly av-
erages within the same radius as for carbon dioxide. Thes

estimates are adversely affected by the pixel mask change gl. . "s ionce Network, the ESA projects GHG-CCI, ADVANSE,
the beglnnlng'of November 2005, Wh'Ch, was necessary beEamd ALANIS Methane, the European Union’s Seventh Framework
cause of previous detector degradation in the spectral rangg;ogramme (FP7/2007-2013) under Grant Agreement no. 218793
used for the methane column retrieval. Therefore, the valang 212095 (MACC and CityZen), the DLR grant SADOS, and
ues are also calculated separately for the two periods beforgom the University and the State of Bremen.

and aft.er the plx_el mask (?hange. Before November 2005’I’he Park Falls and Lamont TCCON stations are funded by
the regional relative precision amounts to 12 ppb and the relyaga grants NNX11AGO1G, NAG5-12247, NNGO05-GDO7G

ative accuracy is about 3 ppb as derived by the comparisopg NASAs Orbiting Carbon Observatory Program. We are
to TM5. Compared to TCCON, we also calculate values of grateful to the DOE ARM program for technical support in Lamont

12 ppb for the relative precision and about 3 ppb for the rela-and Jeff Ayers for technical support in Park Falls. The TCCON
tive accuracy, however based on two sites only. This suggestsites at Biatystok and Cghns are financially supported by the

he research leading to these results has received funding from
the ESA project CARBONGASES, which is part of The Changing
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