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Abstract. The near-infrared spectra measured with thel Introduction

SCIAMACHY instrument on board the ENVISAT satellite

suffer from several instrument calibration problems. The ef-The SCanning Imaging Absorption spectroMeter for At-
fects of three important instrument calibration issues on thenospheric CHartographY (SCIAMACHY) which was
retrieved methane (CHl and carbon monoxide (CO) total launched on board the ENVISAT satellite on 1 March 2002,
columns have been investigated: the effects of the growindras allowed the measurement of global distributions of
ice layer on the near-infrared detectors, the effects of thgnethane (Cl) and carbon monoxide (CO) down to the
orbital variation of the instrument dark signal, and the ef- Earth’s surface. These gases play an important role in tro-
fects of the dead/bad detector pixels. Corrections for each opospheric chemistry and possible climate change. Therefore,
these instrument calibration issues have been defined. The good knowledge of the global distributions of these gases
retrieved CH and CO total columns including these correc- is a prerequisite to fully understand their role in atmospheric
tions show good agreement with CO measurements from theéhemistry.

MOPITT satellite instrument and with GHnodel calcula- Global measurements of GHand CO have also been
tions by the chemistry transport model TM3. Using a sys-performed by the MOPITT instrument on board the EOS-
tematic approach, it is shown that all three instrument cali-TERRA satellite in the near- and thermal infrared (e.g.
bration issues have a significant effect on the retrieved CH Drummond and Mand1996 Deeter et al.2003. Up till

and CO total columns. However, the impact on the4CH now, MOPITT has been unsuccessful in retrieving accurate
total columns is more pronounced than for CO, because offHs total columns from their data. Methane and carbon
its smaller variability. Results for three different wavelength monoxide have been measured earlier by the Interferometric
ranges are compared and show good agreement. The growdonitoring of Greenhouse Gases (IMG) instrument on board
ing ice layer and the orbital variation of the dark signal showthe ADEOS satellite Glerbaux et al. 2003 Barret et al,

a systematic, but time-dependent effect on the retrievegl CH2009. Recently, the EOS-AURA satellite was launched, car-
and CO total columns, whereas the effect of the dead/badying the Tropospheric Emission Spectrometer (TES) instru-
pixels is rather unpredictable: some dead pixels show a ranment, which is currently measuring Gtand CO (e.gBeer
dom effect, some more systematic, and others no effect agt al, 2001). However, retrieved total column products from
all. The importance of accurate corrections for each of thesdhis instrument are not yet available. Ground-based measure-
instrument calibration issues is illustrated using examplegnents of CO and Ciitotal columns are available from a
where inaccurate corrections lead to a wrong interpretatiornumber of ground stations, but they do not provide global
of the results. coverage and a significant fraction of these are at elevated lo-
cations. Thus, these stations only measure the total column
directly above the station, whereas the larger spatial cover-
age of a SCIAMACHY ground pixel will mostly also include
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Fig. 1. The total signal, i.e. dark signal+atmospheric signal, as measured by SCIAMACHY’s channel 8 detector. The total dark signal
is shown in red, the atmospheric signal in blue. The white vertical lines denote the positions of the dead detector pixels at the end of
February 2004. Top: Simulated SCIAMACHY measurement in the case of a strong atmospheric signal, assuming a noise-free dark signal.
Middle: SCIAMACHY measurement over the Sahara with a high surface albedo of 0.55. The relative contribution of the dark signal of
the SCIAMACHY instrument to the total measured signal varies fred®% at 2260 nm te~75% at 2380 nm. Bottom: SCIAMACHY
measurement over Central Africa with a lower surface albedo of 0.11. The relative contribution of the dark signal of the SCIAMACHY
instrument to the total measured signal varies fro68% at 2260 nm te-97% at 2380 nm.
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contributions from lower (polluted) altitudes, where most of Model calculations show that in order to determine e.g.
the CO and CH resides de Mazere et al. 2004 Dils et al, CHj sources and sinks, and estimate CO emissions from
2005. SCIAMACHY measurements, a precision of1-2% for
The retrievals of CO and CHrom SCIAMACHY's near- CHs and ~10-20% for CO is required (e.g=hret and
infrared channel 8 have proven more complex than antici-Kiemle, 2005 S. Houweling and M. Krol, SRON/IMAU,
pated, due to the presence of an unexpected ice layer on thgivate communication). This paper shows that in order to
detectors, which varies in time. lts effects have been reducedetrieve total columns with those precisions from channel
by applying dedicated in-flight decontamination procedures8, detailed corrections for all known instrument calibration
and additional in-flight calibration measurements, as well agproblems are required. Secti@rdiscusses the major instru-
improvements to the calibration. However, the quantitativement calibration problems, Se&describes the retrieval al-
effects of these problems on the retrieved Gitd CO total ~ gorithm used, and Secd shows the retrieval results using
columns have only been investigated for very few cases. ~ SCIAMACHY measurements. The effects of the instrument
This paper focuses on a more systematic investigation ofalibration improvements on the retrieved £&hd CO total
some of the major calibration problems concerning SCIA-columns are presented in Setas well as comparisons of
MACHY’s near-infrared channel 8 and the effects of theseretrievals in different spectral windows of SCIAMACHY'’s
problems on the retrieved GHind CO total columns from channel 8. Finally, Secé discusses all results and the con-
this channel. The problems addressed in this paper are @lusions are summarized in Sett.
present not or insufficiently corrected for in the operational
SCIAMACHY data provided by ESA/DLR.
Different corrections for these issues have been develope@ Instrument calibration
independently by a number of research groups @ugh-
witz et al, 2004k Frankenberg et gl2005h Gloudemans The near-infrared nadir spectra measured by SCIA-
et al, 2004, but the detailed information describing the ap- MACHY’s channel 8 (2265 to 2380 nm) contain absorption
plied corrections and their impact is often lacking. lines of CH;, CO, H,0O, and NO. However, the retrieval of
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these species in this wavelength range is complicated due to F ]
the low atmospheric signal compared to the instrument dark ¢ gC E

signal itself (Fig.1). This dark signal is the sum of the de- 5 i
tector dark signal and the thermal background of the instru- &t %
ment and represents the total measured signal when no ligh p b 3

total™s

0.9

is falling onto the instrument itself. SCIAMACHY measure- g \\ *,
ments show that in case of a strong atmospheric signal, cor- E m
responding to a surface albedo of 0.55, the dark signal con- i
tribution varies from~45% at the short wavelength end of
channel 8 to~75% at the long wavelength end. In the case of
a lower surface albedo, the corresponding lower atmospheri
signal results in an even higher contribution of the dark signal i
as is shown in Figl. Thus, an accurate instrument calibra- 0.6¢ — —
tion (dark signal etc.) is required in order to retrieve mean- 0 50 100 150 200
ingful total columns from SCIAMACHY's channel 8. Days ofter 51/08/2003

Unfortunately, the retrieval within this wavelength range
is hampered by a number of instrument-calibration prob-
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Fig. 2. The measured total signal averaged over channel 8 and nor-
lems. The most important complication in channel 8 is themalised to an (almost) ice-free measurement in August 2002. Only
: P P data right after the August 2003 decontamination (duration: 375 h)

growth of an ice layer on the det,eCtor' This ice layer ,'Still the end of February 2004 are shown and include the decontam-
due to spurious water absorbed in the ENVISAT satellitejn,tion period in December 2003/January 2004 (duration: 338 h).

frame. Over time, this water evaporates and most of it eS<he |oss in the total signal due to the growing ice layer in SCIA-
capes to space. However, a small portion is trapped by th&ACHY'’s channel 8 can be clearly seen.
SCIAMACHY instrument isolation blankets and freezes out
onto the near-infrared detectors. The ice layer increases
slowly in time up to a thickness 0f400um and leads to  channel, so that defining a correction method which is ap-
losses in the total measured signal of up~80% (Lichten- plicable at all wavelengths within channel 8 is complicated.
berg et al. 2005. This loss in signal is partially alleviated Therefore, a different approach has been adopted in the re-
by heating the detector every 3—6 months, hereby evaporatrievals presented here, which is described in S&ct.
ing the ice layer. However, the decrease of the signal be- Furthermore, the instrument thermal background and thus
haves differently after each of these decontamination perithe total dark signal also varies within an orbit. This is due
ods (see Fig2 and http://atmos.af.op.dIr.de/projects/scops/ to the optical bench heating up on the day side of the orbit.
or http://www.sron.nl/www/code/eos/sciamachy/calibration/ The dark signal is measured upon entering the eclipse near
SCIACALtransmission.php The consequences of the grow- the South Pole, where the contribution of the thermal back-
ing ice layer are threefold: ground signal is largest. This ultimately leads to Qtdtal
— The signal-to-noise ratio of the spectra is reduced. columns that are too high, especially at high Northern lat-
itudes where the actual dark signal deviates most from the
— The instrument thermal background contribution to the measured dark signakleipool, 20043. The deviation from
total dark signal decreases, as the ice layer also absorhfie measured dark signal varies over the months, since the
these photons. In order to deal with this, the total darkdark signal is influenced by the thickness of the ice layer.
signal has been measured every orbit, since October | gstly, the near-infrared wavelength range in channel 8

2002 Kleipool, 20033. is sampled by 1024 detector pixels, a significant fraction of
— Scattering of light in the ice layer gives rise to extended Which have turmed “dead” or "bad” during the life time of
wings in the slit function. SCIAMACHY (Kleipool, 2004h. A pixel is labelled “dead

o . when there is no spectral response and “bad” when the spec-
and is the most difficult to correct for, since it varies in time «gead” nor “bad” detector pixels should be used in the re-
and cannot be determined independently. One possibility tqrievals, both will be referred to as “dead” pixels through-
determine a correction for this broadening of the slit function gt this paper for simplicity. The most likely causes for this
is by using the in-flight measurements from SCIAMACHY’S fajyre of detector pixels are the manufacturing process itself
Spectral Light Source (SLS), which clearly show the pres-anq in-flight radiation damage (Kleipool et al., 26D5The

ence of broadened wings over time. However, this spectraiost worrying consequence of this is that the number of dead
lamp does not illuminate the whole slit and the overlapping

line wings in the SLS spectra complicate the use of these 2kjeipool, Q., Jongma, R., Gloudemans, A. M. S., et al.: In-
measurements to correct for the broadening of the slit func-light radiation induced degradation of the SCIAMACHY extended
tion. In addition, the ice layer is not uniform over the whole wavelength InGaAs near-infrared detectors, in preparation, 2005.
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pixels appears to be increasing steadily in time, at a rate obf the Sahara between 20/ and 20 E, as calculated by at-
~60 pixels per year. This calls for a time-dependent deadmospheric chemistry models. These models show little varia-
pixel mask to be used in the retrieval codes when retrievingtion in the CH, total columns in space and time over this part
total columns from channel 8. In Se&.3it will be shown  of the Sahara and are in good agreement with in situ mea-
that using one dead pixel in the retrieval code, can lead tosurements at the Assekrem station in Algeria (S. Houwel-
erroneous results (see aksteipool, 2004H. ing 2005, private communication). Therefore it appears a

good region for calibrating the SCIAMACHY data. Despite

the generally good agreement with in situ and flask measure-
3 Retrieval algorithm ments on a global scale (elgouweling et al. 1999 2000,

these models may deviate from reality. Since averages over
The retrieval method used here is based on an Iterative Maxia relatively large geographical area are taken, the resulting
mum Likelihood Method (IMLM) and has been developed at bias in the retrieved Cltotal columns is estimated to be not
SRON. The retrieval uses a fixed set of climatological atmo-more than 1-2%.

spheric profiles based on the US standard atmosphere (1976) All above correction methods, except for the correction
to compute a model spectrum in terms of optical depths. Fokor the broadening of the slit function’s wings, are the same
each SCIAMACHY ground pixel these profiles are truncated 35 those included in the SCIAMACHY level 1b products
at the mean surface elevation of the pixel. patched by SRON It is still under investigation how these
Once the optical depths are calculated, the earth radicorrection methods can be refined, but further improvements
ance can be computed in a forward modgtifrijver 1999  are expected to be small compared to the effects shown in
Gloudemans et al., 208p which is then transformed by an  Sect.5. In addition, a number of improvements to the re-
instrument model to represent the radiation detected by therieval approach are foreseen. For example, only a fixed at-
instrument detectors. This modelled spectrum is then fittednospheric temperature profile, the US standard temperature
— by adjusting the total columns of the different species — toprofile, has been used at present, but at the time of writ-
the measured (detector) spectrum in an iterative way. The ining the inclusion of an ECMWF temperature profile in the
strument model also provides an estimate of the instrumenfMLM retrieval algorithm is being implemented. The lack of
noise, from which, by standard statistical methods, an estia correct temperature profile can lead to errors in the retrieved
mate is computed of the instrument-noise related errors in th& O total column 0f<0.35x 108 molec/cn? for most ground
total columns. A more detailed description of the retrieval al- pixels, smaller than the current instrument-noise related pre-
gorithm can be found iSchrijver(1999 and Gloudemans et cisjon of the retrievals. The CHotal columns are mostly
al. (200%). off by <5% with a maximum error 0f~10% for some iso-
The instrument model used in the current retrievals in-lated cases (Gloudemans et al., 22)03However, this does
cludes a dedicated time-dependent dead pixel mask, as wetflot affect the effect of the instrument calibration problems
as dark signals for every orbit, both of which are taken frompresented here, since these are shown as the difference be-
the SRON database set up Kieipool (20033 2004H. A tween retrievals with and without correction, both of which
correction for the variation of the dark signal within an orbit use the same temperature profile. Recently, retrievals using
is also includedKleipool, 20044, as well as a first approx- ECMWF temperature profiles have been performed for part
imate correction for the broadening of the slit function due of the data set presented here. These show indeed that the ef-
to the growing ice layer. Comparing SLS spectra for differ- fects shown in Sect are not affected by using the fixed US
ent thicknesses of the ice layer shows that the effect of thestandard temperature profile. Scattering in the atmosphere is
slit function’s extended wings on the spectrum resembles amot included in the forward model, but is expected to intro-
additional background signal. Therefore, this latter correc-duce only small corrections 6£1% for CH; and <2% for
tion involves adding a constant baseline per orbit (i.e. inde-CO Buchwitz and Burrows2004). The retrieved Cld and
pendent of wavelength) to the modelled detector spectrumCO total column data presented in this paper have been cloud
which has been calculated from a slit function measured unmasked and thus contain only cloud-free measurements. For
der (almost) ice-free conditions. Since only a small spectralthis, a cloud mask based on the SCIAMACHY Polarisation
window of channel 8 is used in the retrievals presented hereMeasurement Devices (PMDs) 2, 3, and 4 has been included
this appears to be an acceptable approximation, as can also frethe IMLM algorithm. This cloud algorithm is similar to
shown by computing synthetic spectra. The size of the addithat described b¥rijger et al. (2005, except that the dis-
tional background signal relative to the total measured signatinction between ice/snow covered surfaces is not included.
has been determined by fixing the SCIAMACHY gitalues  The cloud mask bi(rijger et al.(2009 is being implemented
on a daily basis to the CHotal columns over the central part at the time of writing.

3Gloudemans, A. M. S., Schrijver, H., and Jongma, R.: The
Iterative Maximum Likelihood Method (IMLM) for near-infrared 4http://www.sron.nfFrichardh/SciaDC/scipatch 1b/index.
trace gas retrieval from SCIAMACHY, in preparation, 2005. html
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Fig. 3. Monthly averaged Chltotal columns for November 2003. Left panel: Retrieval results from the IMLM algorithm. Only cloud-free
individual SCIAMACHY ground pixels, with instrument-noise related errei®.2x 101°cm~2 have been averaged and re-gridded on a
1°x1° grid. The CH, total columns have been normalized to surface elevation prior to averaging. Right panel: Total columns calculated
from the chemistry transport model TM3 on a2ty 2.5 horizontal grid. The total columns have been normalized to surface pressure.

4 Retrieval results retrievals. At high latitudesX70° N) the signal-to-noise ra-
tio is also too low.
Near-infrared CH and CO total columns from SCIA-  Unfortunately, no independent satellite-based 4Qid-

MACHY have also been reported by others (Bgchwitz ~ tal column measurements are available, so that the SCIA-
et al, 2004ab, 2005 Frankenberg et a12005ac). Quali- MACHY CHy total columns can only be compared to to-
tative comparisons have shown that the IMLM results agreéa| columns from ground-based stations or calculations from
well with these other data products (e@oudemans et gl.  atmospheric chemistry transport models. Comparisons of
2004, even though there are significant differences betweerthe IMLM total columns with ground-based measurements
the algorithms used and the applied instrument calibration. aré presented bpils et al. (2009, but these do not pro-

In order to investigate the effects of the different instru- vide global coverage. Therefor_e n F@.the_ retrieved Cll
ment calibration problems mentioned in Sezton the re- _total columns are compared with calculations by the chem-
trieved CH; and CO total columns, six months of SCIA- Istry transport m_odel TM3 from the Royal Nether_lands Me-
MACHY channel 8 data have been analysed. The perio eorological Institute (KNMI). A detailed description of the

September 2003 — February 2004 has been chosen, becaus%/(lj3 medeI usectihhere Ca?_r?e fougdl)_enlteger e(;;l(_ZO_OG)
the available data result in a good global coverage. Thealn rle efre”nce_s :reln. i N ntwolellgngcu eTS?] ISSIO(;]Sl
start of this period is right after the August 2003 decon- C'0S€YY following Houweling e al.( 9.‘ ‘nese mode

tamination (duration: 375h) and also includes the decon_calculatlons show a good agreement with in situ measure-

tamination period in December 2003/January 2004 (duratiorlr)n er|1(ts http&//CWV\:W.CI;ndI.nlfas.taov/c?/andt rﬁ pro_dijcti the
338 h), allowing the investigation of instrument-calibration ackground Clilevels well. ough mostchemistry frans-

effects after two different decontamination procedures. RePOt models do not contain up-to-date emissions and the

sults are shown for retrievals in the channel 8 spectral Win—g]g?:uié?_:t\flon 1S rgos_tly lcoarser;k;)angtohe resolutlor:jotf the
dow between 2321-2334 nm. This window is similar to that ground pixels (e.g. 2by 3° as opposed o

used byFrankenberg et al20053. Results for two other \1/i2dOX30 kT’ tl.ei.rglr-rln tt)ly 22: taht tr;erequatolr ) tgie}[/riio tFi)rg_ f
spectral windows of channel 8 are discussed in Seét. He aCCl;]aeth ON ?hos Oth ed"?‘ gi’\ che IISk ution o
The data presented in this section include corrections for alf>' 4: SUCH as the North-South gradient and well-known con-

instrument-calibration problems mentioned in S€ctSec- mlL:qus 0; siasontar: stourcis and Sll?lf[s . h
tion 5 illustrates in more detail the effects on the retrieval of 'gure s Shows that such a qualitative comparison shows

. ; - good agreement between the monthly-averaged SCIA-
notincluding these corrections. MACHY data and the corresponding TM3 calculations. For
instance, the North-South gradient is clearly visible in the
41 ChH SCIAMACHY data. In addition, many differences can be

identified as well, such as the areas in Eastern USA, and the
Figure 3 shows the monthly-averaged GHesults for  East coast of Australia, which are hardly visible in the TM3
November 2003. Only cloud-free ground pixels with a high model. The origin of these differences is still under investi-
enough signal-to-noise ratio have been included in the SCIAgation. In Central Africa between10° S and~5° N a re-
MACHY retrievals. The lack of data over the oceans is duegion with low CH; columns is visible which is not in agree-
to the fact that the surface albedo is too low, resulting in ament with the TM3 calculations. Since this region is mostly
signal-to-noise ratio which is too small to perform accurate cloudy during this time of the year, this is probably due to

www.atmos-chem-phys.org/acp/5/2369/ Atmos. Chem. Phys., 5, 23832005
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42[T3 2525 T T 7T is less than-2%, except for the region North of 65l, where
LIMLM v5.5 1 it is ~5%. This region may suffer from higher solar zenith

& 4ok B angles or cloudy ground pixels, resulting in erroneous, CH
§ Tt 1 columns. The area betweenS and 18N is mostly cloudy
~ [ j at this time of the year, as is also seen for November 2003
o 3.8H < & 1| in Fig. 3, and may also be affected by smoke from the forest
g | fires, resulting in lower Chitotal columns and less colloca-
S 560k ] tions with TM3.
o 8 Although only comparisons for two months, September
— [ 1 and November 2003, are shown here, the other months do
g 3.4 . give similar results (see alstraume et a|2005.

ol oo e ] 42 CO

-40 -20 0 20 40 60

Lotitude Independent satellite-based CO total column measurements

. . are available, unlike for CiH Especially for CO, which has
Fig. 4. Comparison of the monthly averaged glkbtal columns | and ial . h llite i
for September 2003, where all data within a five-degree IatitudeStrong t.empora a_n spatial variations, S,UC .sate ite |.nter-
bin have been averaged (see text). The black diamonds denote@Mparisons provide a very valuable validation technique.

the IMLM CHj total columns, the red diamonds the correspond- The MOPITT instrument is currently the only other instru-
ing TM3 data. The blue boxes show the regions where the dif-ment from which CO total column measurements from space

ference between the IMLM and TM3 GHotal columns is<2%. are available. MOPITT uses gas-correlation spectroscopy,
Only cloud-free ground pixels with instrument-noise related errorsbased on pressurized cellBrgmmond and Mand1996),
<0.2x 10" molec/cn? have been included. The error bars denote whereas SCIAMACHY uses a grating spectrometer. In addi-
the Iv standard deviation of the data points averaged within eaChtion, SCIAMACHY measures CO in the near-infrared, while
5° latitude bin. Bot_h the SCIAMACHY and the TM3 total columns MOPITT observes CO in the thermal infrared, where the
have been normalized to the surface pressure. CO lines are much stronger than in the near-infrared. Thus,
measurements from these satellites provide two independent
sets of CO total column products, making them very suitable
cloudy SCIAMACHY ground pixels that have not been fil- for a first qualitative comparison with the retrieved SCIA-
tered out by the cloud mask included in the IMLM retrieval MACHY CO total columns. In the near-infrared, the sur-
algorithm. Other persistently cloudy areas such as in thdace reflectance over the oceans is very low, complicating
Amazon basin are also clearly identified by the lack of cloud-the SCIAMACHY retrievals in these areas. Measurements
free SCIAMACHY data. In addition, low ClHcolumns in the thermal infrared however have a lower sensitivity to
are seen in West Africa between5—-15 N. This area is the boundary layer, due to small temperature contrasts with
known for the presence of forest fires and the correspondrespect to the surface. In those cases, a priori information is
ing smoke may not be picked up by the cloud mask. Smokeadded to the MOPITT CO measurements. Since this is more
and/or clouds shield the GHn the lower parts of the at- likely to happen at night, only day-time MOPITT measure-
mosphere, resulting in too low GHotal columns measured ments are taken into account.
by SCIAMACHY. Retrieval of CQ, another well-mixed gas, Monthly-averaged results for CO compared with measure-
from SCIAMACHY'’s channel 6, also results in too low total ments by the MOPITT instrument are shown in Figand6
columns of a few percent in the same area, using the samg@r November and September 2003. Only cloud-free ground
cloud mask (W. Hartmann, SRON, private communication). pixels with a high enough signal-to-noise ratio have been in-

Figure 4 shows a more quantitative comparison of the cluded in the SCIAMACHY retrievals shown here.
monthly-averaged Cidtotal columns from the IMLM re- The SCIAMACHY CO total columns for November 2003
trieval algorithm with TM3 for September 2003. Here, the shown in Fig.5 are in reasonably good agreement with the
globe has been divided in five-degree latitude bins. Al MOPITT measurements of that month. The data sets show
SCIAMACHY data within each latitude bin have been av- a reasonable agreement on both the Northern and Southern
eraged over the whole month and compared to the monthif{Hemisphere, and enhanced CO columns in West and Central
average of the collocated TM3 GHbtal columns within the  Africa and Brazil due to bio-mass burning are seen in both
same latitude bin. Both data sets have been normalized tdata sets. Similar enhanced CO columns are reported by
surface pressure prior to averaging. The results show a gooHrankenberg et af20053, using the same SCIAMACHY
agreement between latitudes®and 53 S and onthe North-  data, but using a different retrieval algorithfargnkenberg
ern Hemispherex15° N). In both regions the difference be- et al, 20058. This is the same region where the low £H
tween the retrieved CHcolumns and the TM3 calculations columns are seen in Fi@, providing further evidence for
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Fig. 5. Monthly averaged CO total columns for November 2003. Left panel: Retrieval results from the IMLM algorithm. Only cloud-free
individual SCIAMACHY pixels, with instrument-noise related erret$.5x 10'8cm~2 have been averaged and re-gridded ofalf grid.

Right panel: Total columns as measured by the MOPITT instrument (from: NASA Langley Research Center Atmospheric Sciences Data
Center). Only daytime measurements have been averaged.
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the low CH,; columns being due to smoke from forest fires 4 i
(see Sectd.]). p MOPITT prov dpto

Well-known polluted areas, such as in Asia, are also — [ IMLM v5.5
clearly visible in Fig.5 as regions with enhanced CO to- € 3
tal columns. Mountainous areas, such as the Himalayas and-_
the Andes, show up in both the SCIAMACHY and MOPITT
measurements as regions with low CO total columns. Large
differences are also observed: the forest fires are more pro-w
nounced in the SCIAMACHY data than in the MOPITT mea-
surements, and the retrieved SCIAMACHY total columns
also show higher CO values over India and Eastern USA.
Part of this difference may come from the fact that the MO-
PITT measurements are less sensitive to the boundary layer
resulting in lower CO total columngeter et al.2003. oL .
In this comparison, the difference in the averaging kernels ~ -40 -20 0 20 40 60
for the MOPITT and SCIAMACHY instrument has not been Latitude

taken into account. A more detailed comparison of these tWOFig. 6. Comparison of the monthly averaged CO total columns for

sets of Sa.telllte. measurements Is currently planned n CIOS%eptember 2003, where all data within a five-degree latitude bin
collaboration with the National Center for Atmospheric Re- | .\ peen averaged. The black diamonds denote the IMLM CO

(5.9.2)

C
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Cco[ x 10

N
e A RSN RN RS
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search (NCAR). o ' total columns, the red diamonds the corresponding MOPITT data.
A somewhat more quantitative comparison of the IMLM only pixels with a cloud-fraction<20% and instrument-noise re-
CO total columns with MOPITT is shown in Fi§. This fig-  lated errors<1.5x 108 molec/cn? have been included. The error

ure is constructed in a similar way as Figfor CHg. It can bars denote theol standard deviation of the data points averaged

be seen that there is a good agreement between the two datédthin each 5 latitude bin. The MOPITT data are taken from the

sets for September 2003. Differences are generally withifNASA Langley Research Center Atmospheric Sciences Data Cen-

10%, except for the region betweer®® and~15° N where ~ ter-

the differences are up t820%. This may be due to the rel-

atively few data points in this area, due to clouds. The stan-

dard deviation of the SCIAMACHY measurements is how-

ever systematically larger than for the MOPITT data. Part of

this may be due to retrieval errors and the rather loose con-

straints on the signal-to-noise ratio, and part of this may be

real: because of the larger sensitivity of SCIAMACHY to the

boundary layer, a larger variability in the retrieved CO total SCIAMACHY-MOPITT comparisons (see als8traume

columns from individual measurements is expected. A moreet al, 2005. For January 2004, the quality of the retrieved

detailed analysis will help to distinguish between these two. CO columns cannot be derived from comparisons with MO-
As is the case for Ci the other months in the pe- PITT data, since only a few days of MOPITT data are avail-

riod September 2003—-February 2004 show similar COable for this month.
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4.0x10" [ ‘ 7] 5 Effects of instrument calibration on the retrieved total
o | 3# . columns
© 38x10"9 1% ++ﬁ,.$;ﬂ+fu » ey B
E A0 - ﬂf} WAt * - - 5.1 Effects of the growing ice layer
€ s6x10, % . . . . .
c o 3 ] The effect of the broadening of the slit function due to ice
€ L ey %, 1 growth on SCIAMACHY’s channel 8 detector has been in-
g 3AxI0) M, Forp vestigated by performing retrievals with and without a cor-
S I ‘“‘?:f‘t‘%‘*t& ¥ ey, 1 rection for the slit function. The applied correction varies
2 32x10" - K 7 from a few % to over 20% of the mean atmospheric signal,
g : ¥ 1 depending on the thickness of the ice layer. The resulting
m’ T T S I ] CH4 and CO total columns are shown on a daily basis in
3.0x10 :‘+Slit—f.unctio‘n corrected | ‘ b ] Fig. 7, since the thickness of the ice layer varies strongly in
9 r | +No slit—function correction B . . . .
€ 25x10"] ] time. In order to avoid influences of other time-dependent
> F & . events, such as seasonal variation ofsGdurces and sinks
S 2.0x10"%} P ERL U or polluted areas, only the retrieved total columns over the
€ L g+ Loy vt Fglh war ; i i
E i, e 8 I o Sghara are taken into a}ccount, since thes@Hd CO vari- '
£ 1.5x10 Ry TS TR e, ation due to atmospheric processes is expected to be low in
2 P m;ﬁﬁﬁ*ﬁ?ﬁi ki + ] this region Houweling et al, 1999. Figure7a shows the re-
- 1.0x10"% £ E sults for CH,, where, for each day, the GHotal columns are
k] ol ] normalized to the mean surface elevation of the correspond-
3 5.0x10°7 ¢ ] ing SCIAMACHY pixel and then averaged over the Sahara.
ol . ] Note that this is a larger area than that used to determine
opr T T T T T T the correction for the slit function (see Se8). The differ-
S g N ] ence between retrievals with and without slit-function cor-
3 -1o¥ 1Y E rection is clearly visible. The CHtotal columns retrieved
5 ;";ﬁ % ] with a correction for the slit function show an almost con-
o —20F "y, *f‘a“ . stant behaviour in time, in good agreement with calculations
§ : “5%,, . *Ia* ] by the TM3 model. The trend in the GHotal columns for
e _30: 1&3:"‘??%; * ] retrievals without slit-function correction resembles the loss
S E * Yy 1 in the measured total signal for this period, corresponding
2 _402 E to the growth of the ice layer (see Fig). The differences
2 : between retrievals with and without correction for the slit
= _50§ | N function range from~6% shortly after a decontamination to
0 50 100 150 200 17.5% four months later, in December 2003. Although this

Days ofter 31,/08/2003 figure only shows results for the Sahara, the retrieved total
columns for Australia show the same effect: the differences
Fig. 7. Total columns averaged over the Sahara for each day in thén the CH, total columns increase from3% at 1 Septem-
period September 2003—February 2004, with and without applyingber to 18% in December 2003. The gtbtal columns with
a correction for the broadening of the slit function due to ice growth the correction for the slit function show good agreement with
on SCIAMACHY's channel 8 detector (see Segt The gap be-  T\M3 model calculations (see also FR).

tween day 108 and 131 corresponds to the December 2003 decon- Figure 7b shows the results for the retrieved CO total

tamination period. Note that here the whole Sahara is used, whereas . . .
. . ; o columns. A strong correlation with the loss in the measured
the correction for the broadening of the slit function is based only

on the central part of the Sahara betweeh\80and 20 E. (a) The total signal due to the growing ice .Iayer, as 1S pre;ent for
CHy total columns, normalized to the mean surface elevation of theCH4, cannot be seen for CO, but Fige shows the differ-
corresponding SCIAMACHY pixel and then averaged over the Sa-ence between the CO total columns retrieved without and
hara region. The trend seen in the £tdtal columns without the ~ With correction for the slit function respectively, relative to
slit-function correction resembles the loss in the total signal due tothe CO total columns with slit-function correction. It can
the ice growth in this period (Fi®). (b) The CO total columns. be seen that the relative difference correlates well with the
The columns without slit-function correction do not show a clear |oss in the total signal, indicating that the retrieved CO total
correlation with the decrease in the total signal for this period, butcolumns are also clearly affected by the broadening of the slit
are nevertheless clearly affected by the broadening of the slit funcsnction due to the growing ice layer. Differences between
ti(.)n' © Rglative (_1ifferen.ce of the QO total colymns without an,d retrieved CO total columns with and without correction for
with applying a slit-function correction respectively, as shown in the slit function range from-10% shortly after a decontami-

anel b. The difference in the CO total columns clearly increases as . . .
Fhe ice layer becomes thicker y nation to~35% four months later in December 2003. Using
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Fig. 8. The relative difference between the total columns retrieved without and with correction for the orbital variation of the dark signal
respectively, for each month between September 2003 and February 2004. The data shown are the monthly mean total columns average
per 5 latitude bin, between longitudes 3%/ and 60 E. (a) The CH, total columns, normalized to the mean surface elevation of the
corresponding SCIAMACHY pixel prior to averaging over a whole month of data. It is clearly seen that not correcting for the orbital
variation of the dark signal leads to Gldolumns that are up to4% higher on the Northern hemisphere compared to results including this
correction.(b) The CO total columns, showing an effect opposite to that fog.CH

the CO total columns over Australia instead of the Saharation, which is much larger than the orbital variation itself, the
results in similar values. While the differences for £ate  two data sets should in principle not show a time-dependent
significantly larger than the current accuracy of the retrievedbehaviour due to the ice growth. This is true for the retrieved
CHg4 total columns of a few %, the differences for CO are total columns including the correction for the orbital varia-
comparable to the current accuracy of the retrieved CO totation, which is done on an orbital basis. However, some time
columns (cf.Dils et al, 2005 Straume et al.2005. How- dependency is expected for the retrieved total columns with-
ever, the clear trend in Figc strongly suggests that the pre- out the correction for the orbital variation. Firstly, the or-
cision of the CO retrievals is much better than the currentbital variation is linearly dependent on the measured signal,
CO accuracy. Thus, although the correction for the slit func-which decreases in time due to the ice growth. Secondly,
tion may seem less important for CO than for £HFig. 7 the orbital variation is defined as a function of orbit phase,
shows that the total columns of both species are significantlyith orbit phase 0 corresponding to the start of the night

affected by the ice layer. side. Since phase 0 changes seasonally, this is expected to
cause small time-dependent behaviour in the retrieved total
5.2 Effects of the dark signal orbital variation columns without a correction for the orbital variation as a

function of latitude. Therefore also the differences between

Although the orbital variation of the dark signal is much the two data sets are expected to show some small time-
smaller than the slit-function correction, typicaliy2% of ~ dependent behaviour.
the measured atmospheric signal, it does have an effect on the Figure 8a shows the relative differences between the
retrieved columns, especially at Northern latitudes where thenonthly averaged Cltotal columns without and with cor-
deviation of the actual dark signal from the measured darkrection for the orbital variation respectively, in percentages of
signal reaches its largest values (S&t. The effect of the  the retrievals with this correction. The results are shown as a
variation of the dark signal over the orbit has been tested byfunction of latitude, where data within 5 degree latitude bins
performing retrievals with and without a correction for the have been averaged prior to determining the differences. A
orbital variation. This correction is taken from the data basec|ear increase in the relative difference can be seen towards
set up byKleipool (20043. To demonstrate the effect of the Northern latitudes for all months, as expected. The differ-
orbital variation on the retrieved columns, monthly-averagedence is>2% for latitudes>45° N, and increases to4—5%
data have been investigated for the period September 2003at high Northern latitudes. This is a significant effect, since
February 2004. Only the region between longitude3\80  Fig. 4 showed typical differences between retrieved:G@iHd
and 60 E has been investigated, since it has a good data covim3 calculations 0f<2% outside the region betweers® S
erage and large regions with high signal-to-noise ratio. and~15° N (see Sect4.1). Similar values for the accuracy
Since both the retrievals with and without correction for of the CH; total columns are reported lfyloudemans et al.
the orbital variation do include a correction for the slit func- (2004 andDils et al.(2005.
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4.01 of the CO absorption lines, leading to lower retrieved CO
— ] total columns, but lower Cltotal columns do not necessar-
Ng 350 ] ily result in higher retrieved CO total columns as e.g. can be
~ I 1 seen in SecK.1 Although the effect of the orbital variation
% 3.0F - does not exceed the current accuracy of the retrieved CO to-
g [ tal columns, the clear trend seen for all six months strongly
; 250 ] suggests that the precision of the CO retrievals is much bet-
= f ter, as is also indicated by the slit-function effect in Séct.
* ook ] and Fig.7. Thus, it is important to also correct the CO total
5 F columns for the orbital variation.
é 15F . .
= i 5.3 Effects of the dead pixels

1.0 MR | | | R R

1.0

o 20025 30 35 40 The previous sections show that both the orbital variation
IMLM CH, x 10" [molec / cm?] . . L
and the growth of the ice layer result in a systematic, time-
Fig. 9. The effect of 1 dead pixel on the GHetrievals for or- depe.nden.t effect on the r(?trleved columns. The dead detec-
bit 10067 on 2 February 2004. The y-axis shows the Gbtal tor p|xgls in SCIAMACHYS channel 8 are not expected to
columns when this dead pixel is not used in the retrievals. The x-T€Sult in systematic effects. Although the number of dead
axis shows the corresponding values when this pixel is included inPiXels increases in time due to radiation damage (Kleipool et
the retrievals. The blue solid line denotes the expected 1:1 correal., 200%), the effect of dead pixels does not depend on their
lation. The deviation from the expected 1:1 correlation is different total number but on their spectral location. A pixel that does
for each dead pixel (cKleipool, 2004h). not sample (part of) an absorption line, is not expected to
have an effect on the retrieved total columns, whereas a pixel
that lies at the centre of an absorption line can affect the re-
The bump between-15°S and~10° N correlates well trievals in two different ways: it can affect the retrieved total
with the change in reflectance in this latitude range. Lowerc0lumns of the corresponding molecule and/or the retrieved

reflectances correspond to a lower signal level, resulting in d0tél column of a different species, since the absorption lines
larger relative effect of the orbital variation, whereas higher ©f &ll molecules are fitted simultaneously.

signal levels result in a smaller effect. However, Fghows In the case of CO, only a few absorption lines are present
that variations in the reflectance do not cause relative differin the wavelength range of channel 8. These lines are most
ences of more thar1%, which is much lower than the dif- of the time barely above the noise level, many times weaker
ferences seen aboved5° N. This strengthens the conclusion than the (often overlapping) CHines in the same spectra.
that the increase in the relative differences at high Northernlhus, even without dead pixels, retrieval of CO total columns
latitudes are due to the increase in the dark signal over the offom SCIAMACHY spectra is difficult. The presence of
bit. Some differences between the different months are visdead pixels and the corresponding loss of spectral informa-
ible, but these are smaller than or comparable to the curreniion further complicates the CO retrievals. Unfortunately, a
accuracy of the Cliretrievals and are likely due to a combi- significant number of dead pixels are already located at or
nation of ice growth in time and the seasonal variation of thenear the centre of CO lines. Therefore, there is a realistic
time of eclipse. possibility that an insufficient number of good detector pix-

For CO, the effect of the orbital variation of the dark signal els is left to retrieve accurate CO total columns well before

is not as evident as for CHIn Fig. 8b, a decrease in the rel- the end of SCIAMACHY's life time.

ative difference of the CO total columns without and with ~ On the other hand, the wealth of strong £lhes in the

a correction for the orbital variation, can be seen towardswavelength range of SCIAMACHY's channel 8, ensures that
higher latitudes for all months. However, the differencesthe CHi retrievals are not easily influenced by dead pixels, as
are generally within 15%, corresponding to the accuracy oflong as the dead pixels are not used when fitting the SCIA-
the monthly-averaged retrieved CO total columns (S&¢t. MACHY spectrum. However, Figd shows that the Chire-

and Tablel). The apparent trend in the relative differences trievals are affected significantly, when this is not done cor-
for CO is opposite to that for CH(Fig. 8). This is proba-  rectly.

bly due to the many Clllines in channel 8, which are of- Thus, in order to perform accurate CO and Hitrievals,

ten (partially) overlapping with the much weaker and scarcera good identification of the dead pixels is required. There
CO lines. This requires the CO lines to be fitted simultane-are two complications in deriving such a dead pixel mask.
ously with the CH lines, indicating that the retrieved CO The firstis the fact that detector pixels are damaged by radia-
total columns may be influenced by the fit to the {dides in tion, mostly resulting in an abrupt change in their dark signal.
a non-linear way. Higher CHtotal columns may fill in part  Although detection of such dead pixels is relatively easy, it
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Fig. 10. Effect of not removing 1 dead pixel on the retrieved £&hd CO total columns over Asia and the Middle East for February 2004.
(a) Monthly-averaged Chitotal columns masking all dead pixels correct{}s) Monthly-averaged CHhltotal columns omitting one dead
pixel in the pixel mask for a period of 12 orbits (.85 day).(c) As panel a, but for CQOd) As panel b, but for CO.

results in a slow but almost constant increase of dead pixels The dead pixel mask used in the current retrievals only
over time. masks a pixel if its physical characteristics are bad for more
The second problem is that a significant number of badth@n 25% of this period. This mask has been tested and works

detector pixels in channel 8 show regular jumps betweeri"’_e": analyzing retrievals for a whole year, only a few dead
two or more discrete levels of the dark current on timescaledxels have been found that are not masked. For each of
varying from less than-1 second to several days or longer. these pixels, this is only the case for a perioc-df day, af-
This implies that for some pixels the dark current during the t€" which each of them is masked correctly. Putting stronger
SCIAMACHY measurement on the day side may be signifi- COnstraints on the physical charf;lcterls:tlcs Ie_ads toa signif-
cantly different from the reference dark current measured atcantly larger number of dead pixels, including pixels that
the night side. The size of these jumps can vary from valuegre still performing reasonably, further complicating the re-
comparable to the noise in the dark current measurements ti€vals in channel 8. Therefore, it occasionally happens that
values comparable to the dark current itself. These so-calle@ dead pixel does not appear in the pixel mask instantly, but
Random Telegraph Signal (hereafter: RTS) pixels can Or]|yonly after~1 day. The current dead pixel mask is still being

be detected if the dead pixel identification algorithm includeschecked regularly and the current constraints may have to be
a statistical constraint. adapted over time, to maintain a good performance.

In order to deal with this, an algorithm has been developed However, even missing one pixel in the dead pixel mask
that derives a dead pixel mask from the instrument calibrafor such a short period can have a significant effect on the re-
tion data for each orbit, which includes the physical charac-trievals. An example of this effect is shown for one such
teristics of the detector pixels such as the dark signal. Thenpixel, which is dead based on its physical quantities, but
a statistical method is used to filter out noise and to detectloes not show up in the dead pixel mask until aft€r.85
the so-called RTS pixels by including the information from day or equivalently, 12 SCIAMACHY orbits. This pixel is
the last 50 orbits, correspondingte8.5 days. This will en-  located at the position of a CHine, but not near a CO
sure that radiation-damaged pixels as well as RTS pixels aréine. Figurel0shows the results for retrievals with and with-
detected quickly and accurately. out masking this dead pixel during its0.85 day period in
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Table 1. Summary of retrieval results in different spectral windows.

Window (IMLM-TM3)/TM3  (IMLM-MOPITT)/MOPITT Ice growth effect  Effect of Orbital variation
# A CHj2 co? CHsP  CcOP  CH,¢ coF
(nm) (%) (%) (%) (%) (%) (%)
1 2321-2334 <2 <15 6-17.5 10-35 <5 <15
2 2327-2339 <2 <15 8-19.5 1546 <5 <15
3 2354-2370 <3 <30 6-18 2-25 <13 <30

& For monthly-averaged total columns only. Differences for daily data are somewhat larger.
b Based on daily averaged total columns over the Sahara (S&ct.
¢ Based on monthly-averaged total columns betweéV@@nd 60 E (Sect5.2).

February 2004, and then averaging all retrievedi@hld CO  unaffected by the dead pixels. It overlaps partially with win-
total columns for that whole month. Comparing retrievals dow 1 which has been used so far and thus similar results
with and without masking this pixel clearly shows that it cre- are expected. Indeed, the retrieved {idtal columns are
ates artificially low CH columns in some areas, but it may very similar to those from window 1, with monthly-averaged
not be that obvious that something is wrong from Higb CHg, results also differing from TM3 calculations b§2%.
only. Similarly, looking at Fig.10d only, may lead to the Comparisons of monthly-averaged CO results with MOPITT
conclusion that enhanced CO emission is seen over Irag. measurements show a good agreement between the two data
In this case, the retrievals of the individual orbits clearly sets, with differences withirn15%.
indicate that something is wrong, by means of the large fit The differences between retrievals with and without cor-
residuals. In fact, most of the time the few dead pixels thatrection for the slit function vary between8% and~19.5%
are missed are easily identified, since they cause large fitor CHs and between~15% and~46% for CO. This may
residuals and unrealistic values for the retrievedy@Hd/or ~ suggest a slightly thicker ice layer in this wavelength range
CO total columns. However, a few cases have been foundompared to window 1.
where a pixel with truly bad physical characteristics still  The effect of the orbital variation of the dark signal is also
gives good fit residuals. In particular, RTS pixels with a low similar to that in window 1, i.e. relative differences of up to
noise level could display such a behaviour. Investigation of~4-5% for CH, and up to~15% for CO at high Northern
the effect of one such dead pixel, leads to similar results adatitudes.
seen in Fig.10: enhanced CO emission is seen over India, Window 3 ranges from 2354-2370nm. This window is
which disappears when this pixel is masked out. In the un-similar to the spectral range used Bychwitz et al. (20043
likely case that such a pixel is missed by the dead pixel maskand contains CO lines from the-branch, whereas the other
a good way to detect such dead pixels is by comparing rewindows containR-branch CO lines. The monthly-averaged
trievals from different wavelength ranges (see Sgel. CHg4 total columns compare well with TM3 calculations and
These results indicate that the identification of dead pix-with results from the other two windows, although the dif-
els is best done by monitoring their physical behaviour, butferences with TM3 0£3% on the Southern Hemisphere are
inspecting the retrievals afterwards for strange anomalies reslightly larger than for window 1 and 2, and the deviation
mains important. Identification of dead pixels by means offrom TM3 seems to increase somewhat for high Northern
fit residuals only appears insufficient and may lead to misin-latitudes. Comparisons of monthly-averaged CO results with

terpretation of the results. MOPITT measurements result in deviations«80%, larger
than for the other two windows. Here, the retrieved CO total
5.4 Effect of retrieval windows columns are mostly lower than those from MOPITT, whereas

window 1 shows total columns somewhat larger and window

The results presented in the previous sections are based on resomewhat lower than MOPITT.
trievals in a single spectral window of SCIAMACHY’s chan-  The effect of the broadening of the slit function due to
nel 8 between 2321-2334 nm (hereafter: window 1). Sincethe growing ice layer ranges from6% to ~18% for CH,
this is not the only part of channel 8 that contains CO and/ofin window 3, comparable to that of the other two windows.
CHjy absorption lines, two other spectral windows, contain- Although the atmospheric signal in this wavelength range
ing both CH, and CO lines, have been investigated. The re-is lower than in the other two windows, the slit-function
sults for all three windows are summarized in Tahle broadening causes a relative effect on the,@tal column,

Window 2 covers the range 2327-2339nm, and is chothus explaining the similarity with the other two windows.
sen for the presence of strong CO lines that are relativelyFor CO the difference between retrievals with and without
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correction for the slit function shows no clear trend in time 6 Discussion

and ranges from-2% at the beginning of September 2003

to ~25% around mid December, t620% in early January The previous sections show that the growing ice layer, the

just after the decontamination. This is probably related toorbital variation of the dark signal, and the dead pixels can

the dead pixels in window 3, resulting in few CO lines that cause significant errors in the retrieved £&hd CO total

are unaffected. One particular pixel, which lies at the centercolumns, when no or inaccurate corrections are taken into

of a strong CO line, causes the retrieval algorithm to give aaccount. The nature of each of these effects is different.

wrong fit to the remaining detector pixels containing parts of Whereas the effect of the growing ice layer varies strongly

the other CO lines. This probably explains the low retrievedon the order of days, the effect of the orbital variation of the

CO total columns for window 3. dark signal shows almost no time dependency. Also, both the
The effect of the orbital variation of the dark signal in win- g;foev(\:”tg%rﬁﬁ ;ar)grri :\? : dtfé;g;tgtglg ?ggllocgllcﬂlﬁ: ?’;;Temaastlc

dow 3 is larger thgn in the other \_Nlndows and can be up ©the effect of the dead pixels is rather unpredictable: some
~13% for CH, at high Northern latitudes. For CO, the effect dead pixels show a random effect, some more systematic

is also larger than in the other windows, up430%, increas and others no effect at all. Applying accurate corrections for

ing towards Northern latitudes, whereas it is decreasing for, : G L ;
) . ) ..~ these instrument calibration problems significantly improves
the other windows. As for the other windows, the relative dif- b g yimp

¢ for CO i ble to th t the CO tot fhe retrieved Cld and CO total columns.
erence for L) 1S comparable to the accuracy ot the ota Although the instrument calibration problems discussed
columns, making the effect of the orbital variation less pro-

. in this paper have the largest impact on the retrieved total
nounced for CO than for CiThe larger effect ofthe orbital o, yng iy SCIAMACHY's channel 8, additional smaller
variation and the increasing differences for CO are probably roblems exist. As mentioned in Seé, the dark signal
due to the lower atmospheric signal in_this wavelength rangegecreases in time due to the growing ice layer and is cur-
compared to the other windows (see Hi.The lower signal rently measured for every SCIAMACHY orbit. However
introduces a larger effect on the retrieved total columns fromthe dark signal measurements are not availéble for evéry
window 3 for calibration issues with wavelength mdependentOrbit for which SCIAMACHY data is present, due to in-

(tj)ehlflw_our. IThhe absollute valueksc(j)f thegrbnal varlat|on| of tr,:ﬁcomplete data distribution and different versions of the dis-
ark signal show only a weak dependency on Wavelengtiy g, o4 gata. This may lead to small inaccuracies in the re-

tThr:jeS I?))\j\%?lgltrr]r?otsiile?irgirigrﬁztli\r/]eva::f:;\?vngezlslg \:Vézi(i)rvgs?’étrieved total colgmns,. especially right after decontgmination,
better calibration, and thus the retrieved Cihd CO total when the dark signal is dropping fastest due to the ice growt_h.
columns may su%fer from larger uncertainties. In addition jl'he'se'are not expected to be Iargerthanla few percent, which
the dead pixels may play a role for CO in this Window ' is within the current accuracy of the retn_eved L£ehd _CO _

' columns. Another possible error source is the non-linearity

The number of dead pixels in all three windows are com-as reported b¥Kleipool (20031. For channel 8 this effect is

parable, but it depends on the spectral location of these pixelsmall and errors in the retrieved total columns of less than
whether the retrievals in one window give better results thana few percent are expected. A more detailed calculation of
in the other. The good agreement of the retrieved, Gal these effects will be provided in a future paper. The instru-
columns in all three windows gives some indication that in ment calibration issues mentioned in this paper apply to both
terms of dead pixels no window is preferred over another forSCIAMACHY’s channels 7 and 8. Channel 7 also suffers
the considered time period, and that no dead pixels that arécom an additional serious problem, caused by a light leak.
important for the CH retrievals are missed by the dead pixel In Sects5.3and5.4itis mentioned that comparison of re-
mask. For CO, it seems that window 3 is preferred less thartrievals in different wavelength ranges gives additional infor-
window 1 and 2, but using only part of window 3 results in mation on the accuracy of the retrieved total columns. Here,
CO total columns that are more in agreement with the resultonly retrievals in SCIAMACHY's channel 8 have been dis-
from the other two windows. This is due to a strongHine cussed. For Chj useful independent information can also be
overlapping with one of the stronger CO lines in this win- derived from SCIAMACHY's only other near-infrared chan-
dow. All three windows contain strong® absorptions, but  nel 6, which covers the wavelength range 1000-1750 nm.
it depends on the position of the lines whether they will in- This channel does not have an ice layer on its detector, and
fluence the retrieved CO and Ghbtal columns. In general is not hampered by the orbital variation of the dark signal,
there is a good correlation between the retrieve® Hotal due to the much higher atmospheric signal in this wavelength
columns from different spectral windows, but there are casesange. However, the spectral window containingdides
with substantial differences too. This can also influence thecontains more dead pixels than in channel 8, non-linearity
retrieved total columns, especially for CO. Thus, using dif- plays an important role, and scattering in the atmosphere
ferent windows in SCIAMACHY’s channel 8 seems a good complicates the retrieval. Nevertheless, LQidtal column
way to verify the retrieved Cldand CO total columns and retrievals from channel 6 are foreseen for comparison with
thus improve their accuracy. the CH, total columns presented in this paper.
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