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Abstract. Atmospheric SQ can be measured by remote SO, on global climate through the formation and modifica-
sensing of scattered sunlight from space, using its unique aktion of aerosols and their effects on the radiation balance of
sorption features in the ultraviolet region. However, the sen-the atmosphere (Intergovernmental Panel on Climate Change
sitivity of the SGQ measurement depends critically on spec- (IPCC), 2001; Myhre et al., 2004), as well as on ecosystems
tral interference, surface albedo and varies with wavelengttand human health. SQs released into the atmosphere as
as Rayleigh scattering increases at shorter wavelengths. Tte result of both anthropogenic activities and natural (e.g.,
Weighting Function Differential Optical Absorption Spec- volcanic) phenomena (Seinfeld and Pandis, 1998; Finlayson-
troscopy (WFDOAS) method was used to pinpoint thesePitts and Pitts, 2000).
problems and improve the retrieval. The Ring spectra in- Anthro : e :
. . . i pogenic emissions of SOoccur predominantly

glfu?;gl Igztgﬁevzg:agﬁsdg:}gvi;resggrerzn;L:}tehd ;ﬁg%fusrﬁ::efrom fossil fuel combustion at the continental surface and

. i~ ! chemical conversion and loss processes take place during
altt)gdo,l afmd efsrecﬁ%\j:éﬂ;e e;lt|tudg. Tlhe WFDgg‘SZ SO transport (Tan et al., 2002; Koike et al., 2003; Guttikunda
:i?) rzles\/p?ec:?orpneter for Atmosp()hgilign(l:nhgartrggrga:gﬁy) dZ?ar\pc-)n et al., 2005). \olcanoes are an important natural source

) “of various atmospheric trace gases, in particulap.S@l-

board the ENVISAT satellite are presented here and com- b g P g

canic eruptions inject gases and particles into the atmo-
pared to those of the Sta”‘?"_’“d DOAS (SDO.AS) me_thod forsphere, leading to tropospheric and stratospheric aerosol for-
cases of background conditions and volcanic eruption. Th

tudv d trates th bl in the,Serieval with Fnation. Highly explosive volcanic events affect climate on
Z[LI)O)fAsemonk? ra ?hs € pt_ro ef|;ns tm €2 rletva \INI time scales of months to years (McCormic et al., 1995;
» such as the positive offsets over remote (clean) re'Robock, 2000). Neither the anthropogenic S{Dx nor the

gions and the negative offsets at high solar zenith angles anﬁux from volcanic emissions is easy to determine precisely,

mgh ozone, could (;Je attgbuted t;)t;]mps_rfect f(;or{ectlé)n folr n account of the dispersion of anthropogenic sources over
€ varying ozone dependence of the Ring efiect and cou arge areas. Since volcanic eruptions and their emissions

be solved by the WFDOAS approach. are sporadic and intermittent and often occur in uninhabited
regions, it is difficult to assess the amount and size of the

emissions from volcanoes. Satellite remote sensing measure-
1 Introduction ments are well-suited to overcome these difficulties.

Sulfur dioxide (SQ) plays an important role in the atmo- = SC2 Observations from space was first performed us-
spheric sulfur cycle, in the formation of new aerosols, andNd Total Ozone Mapping Spectrometer (TOMS) (Krueger,
the modification of existing aerosols (Chin and Jacob, 1996,1983)’ and later using other satellite instruments such as the

Berglen et al., 2004). There is concern about the impact of>/0Pal Ozone Monitoring Experiment (GOME), Scanning
Imaging Absorption Spectrometer for Atmsopheric Chartog-

raphy (SCIAMACHY) and Ozone Measurement Instrument
Correspondence tdC. Lee (OMI) (e.g., Krueger et al., 1995; Eisinger and Burrows,
m (cklee79@gmail.com) 1998; Afe et al., 2004; Carn et al., 2004; Khokhar et al.,
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2005; Thomas et al. 2005; Krotkov et al., 2006; Richter 2. At high latitudes/high ozone levels, the retrieved,SO
et al., 2006; Carn et al., 2007; Yang et al., 2007; Krotkov columns are negative as a result of interference with
et al., 2008). Modification and development of algorithms ozone and its temperature dependence. ThARF
used to retrieve data from satellite observations have been varies significantly with wavelength and these varia-
of primary interest. The satellite remote sensing approach  tions are correlated with thes®ands. In addition, the
associated with the Differential Optical Absorption Spec- sensitivity of SQ retrievals also varies with wavelength
troscopy (DOAS) technique (Platt, 1994) has been success- as Rayleigh scattering increases at shorter wavelengths.
fully employed for measurements of atmospheric trace gases .
on global and regional scales (e.g., Chance, 1998; Eisinger - Overelevated_ areas, the §6b!umn IS ;mallerand after
etal., 1998: Wagner et al., 1998: Martin et al., 2002; Palmer oﬁ‘set'correctlon often negative. This is the case over
et al., 2003; Afe et al., 2004; Richter et al., 2005; Wittrock et the Himalaya, the Andes, ano_l the Alps but also over
al., 2006; Lee et al., 2008). the Weste_rn part of the L_JS. IF is speculated t_hfit thls is
However, the Standard DOAS (called SDOAS here) re- related to mterferencg W|th Ring effect, the_“fllllng—m”
trieval of SQ from satellite measurements in the UV wave- of solar Frau_nhofer lines in the scattered light, but no
length range is in difficulties for e.g., a spectral interference clear conclusion has been drawn so far (Van Roozendael
(for details see Sect. 2). To improve the S@trieval, SQ etal., 2002).

retrievals using the Weighting Function Differential Optical 4. Over bright surfaces, such as Greenland or the South

Absorption Spectroscopy (WFDOAS) method was applied  pole, often unrealistically large $SQ@olumns are ob-
here. In the following, we present problems with the SDOAS served.

retrieval and the concept of the WFDOAS retrieval. Sec- . . )

tion 2 describes SCIAMACHY Sg@retrievals with SDOAS 5. The overall scatter in the SQvalues is large, in par-
and WFDOAS. In Sect. 3, the results from the two techniques  ticular for SCIAMACHY measurements. The Southern
are compared and the effect from different Ring parameter-  Atlantic Anomaly has a large impact in an area cover-
izations is evaluated. In this study we concentrated on se-  Ng large parts of South America and the South Atlantic
lected scenarios with anthropogenic and volcanic emissions ~ "€aching the African coast. Higher particle fluxes in this
as well as background conditions in December 2006. The air-  région resultin random isolated spikes in5Ohis can
mass factor (AMF) calculation to convert the slant columns ~ be improved by extending the $@tting window to the
(SC) to vertical columns (VC) is not covered here, but will UV, but this reduces sensitivity to boundary layer;SO
be considered in future work.

) ) 1.2 Concept of the Weighting Function DOAS retrieval
1.1 Problems with the Standard DOAS retrieval

. In an attempt to solve at least some of the problems with the
The Standard DOAS retrieval of $@rom measurements of - gpHOAS retrieval, S@retrievals using the WFDOAS method
GOME (Burrows et al., 1999) and SCIAMACHY (Bovens- \ere performed and results compared to those from SDOAS.
mann et al., 1999) works well over areas with strongly en-te \WEDOAS is distinguished from the SDOAS by the use
hanced S@ after volcanic eruptions (Khokhar et al., 2005; ot \yayelength-dependent weighting functions of ozone and
Richter et al., 2006). These plumes can be easily identifiedemperature, which describe the relative radiance change due
and tracked Wlth high accuracy. 'Also, areas suffering from, 4 vertical profile change. The WFDOAS method has been
strong SQ pollution can be identified at leastin monthly av- .5t qemonstrated to be applicable to retrievals of trace gas
erages. However, there are a number of problems with th .| mns in the near infrared region of SCIAMACHY (Buch-
SQ, data that need to be solved for a better exploitation ofit; et a1, 2000). It is also being used for direct retrieval
the satellite measurements: of vertical O3 amounts (Coldewey-Egbers et al., 2005; We-
ber et al., 2005; Bracher et al., 2005). It is distinct from
to positive values over remote (clean) regions. This off- the S.DOAS b.y the use of wavelength-dependent weighting
set varies over time and with latitude. Up to.now the functions, which describe the relative radiance change due

) ’ to a vertical profile change. The weighting function for the

approach used to account for this is to subtract the val- . : . ) )
gzone column change is obtained by integrating vertically

ues over a clean reference sector, which greatly reduce . I .
the problem at low and middle latitudes but often fails ﬁwe altitude dependent weighting function. Such an approach

at higher latitudes. The origin of the offset is unknown is particularly suited to DOAS retrievals of strong absorbers

. . " . like ozone in the UV spectral region. In addition, the effect
but it depends on the exact choice of fitting window and . . : )
: S . of rotational Raman scattering (Ring effect) is accounted for
cross-sections, indicating a spectral interference proby .
by using a pre-calculated data base of Raman reference spec-
lem. S . !
tra which is tabulated as a function of ozone column density,
solar zenith angle, surface albedo, and altitude (Coldwey-

Egbers et al., 2005). Here, we limit the weighting functions

1. There is an offset in the SGslant columns that leads
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Table 1. Specifications of S@ retrievals for SCIAMACHY data u
(SDOAS) techniques.

6139

sing Weighting Function DOAS (WFDOAS) and Standard DOAS

Wavelength  Polynomial Cross-sections
range, nm order included in the fit
SDOAS 315-327 4 Sgat 295K (Vandaele et al., 1994)3@t 223 K and 243 K (Bogumil et al., 2003),
Ring spectrum (Voutas et al., 1998), Undersampling correction, Polarization dependency
WFDOAS 315-327 3 S@at 295K (Vandaele et al., 1994) g@veighting

function, Temperature weighting function, BrO at 228 K (Wahner et al., 1988),

Online calculated Ring

spectrum

to ozone and temperature, and S©only fitted as an addi-
tional absorber, which means that S€yoss-section is fitted
to obtain the slant column amount. The WFDOAS,S€&-

SDOAS SQ retrieval are summarized in Table 1. Daily so-
lar irradiation measurements taken with the ASM diffuser are
used as background spectrum. In the comparison with the

trievals are still expected to be superior to those of SDOAS asVFDOAS retrieval, the reference sector method (RSM, for
the strong interference by ozone and Ring effect is optimallydetails see Martin et al., 2002; Richter and Burrows, 2002)

handled.

2 Measurement data and retrieval methods
2.1 SCIAMACHY instrument

SCIAMACHY is one of ten instruments onboard ESA's En-
vironmental Satellite (ENVISAT) which was launched into
a sun-synchronous orbit in March 2002. The SCIAMACHY
instrument is an 8 channel grating spectrometer measurin
in nadir, limb, and occultation (both solar and lunar) viewing
geometries (Bovensmann et al., 1999). SCIAMACHY cov-
ers the spectral region from 220 to 2400 nm with a spectra
resolution of 0.25 nm in the UV, 0.4 nm in the visible and less

in the NIR. In these wavelength regions several trace gase

were detected in the past (e.g., Afe et al., 2004; Buchwitz e
al., 2005; Richter et al., 2005; Wittrock et al., 2006). The
size of the nadir ground-pixels depends on wavelength rang
and solar elevation and can be as small as3Dkn?. The
SO, column retrieval is done using spectra from Channel 2
(310-405 nm) in nadir viewing geometry.

2.2 Standard DOAS retrieval

The SDOAS method has been used for the, $€irieval
for GOME and SCIAMACHY in previous studies (Eisinger
and Burrows, 1998; Afe et al., 2004; Khokhar et al., 2005;
Richter et al., 2006; Lee et al., 2008). In this work, the wave-
length range of 315-327 nm is used for the,SWOAS fit

as the differential absorptions are large and interference b

is applied to remove a meridional offset in the SDOAS,;SO
SC by subtracting the columns of a presumably 8@e ref-
erence sector over a remote area, which were taken on the
same day at the same latitude in the 1B8230 E longitu-

dinal range.

2.3 Weighting Function DOAS retrieval

Weighting Functions are the derivative of the radiation field
with respect to the atmospheric parameters and they are used
in the retrieval of strongly absorbing species (Rozanov et al.,
998). The WFDOAS algorithm was originally applied to
the retrieval of vertical @ amounts from GOME and SCIA-
IMACHY data in the wavelength region of 326.6—335.0nm
(Coldewey-Egbers et al., 2005). Here we extend it for the
O retrieval by changing the wavelength region and adding
O as an additional absorber (see Table 1).
Figure 1 shows the WFDOAS algorithm scheme used for
e SQ retrieval in this work. The radiative transfer model,
CIATRAN 2.0 (Rozanov et al., 1997) is integrated into the
iterative retrieval scheme. In earlier versions the radiative
transfer quantities were read from look-up-tables. In the WF-
DOAS retrieval the measured atmospheric optical depth is
approximated by a Taylor expansion around the reference in-
tensity. A third order polynomiaP; is added to account for
all broad band contributions from surface albedo and aerosol.
The Ring spectrum, the BrO absorption cross-section as well
as the S@ absorption cross-section (for all of which slant
column fitting is applied) are included in the WFDOAS fit-
ting. The optical depth equation can be written as follows

}gCoIdewey-Egbers et al., 2005):

other species (apart from ozone) is small. In addition to the
SO, cross-section (Vandaele et al., 1994), two ozone cross-
sections (Bogumil et al., 2003), a synthetic Ring spectrum
(Vountas et al., 1998), an undersampling correction (Chance,
1998), and the polarization dependency of the SCIAMACHY
instrument are included in the fit. The specifications of the

www.atmos-chem-phys.net/8/6137/2008/ Atmos. Chem. Phys., 8, 61332008
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Auxiiary retrieval and input data: total ozone column. The Ring spectrumging has been ap-

Data (SCIAMACHY): Albedo at 378 nm (retrieval) roximated as follows:
Solar iradiance —  SACURA CF and CTH (retrieval) P )

Radiance Surface topography (data base)

Geolocation X . rrs v rrs
Ghost vertical column (climatology) o IO ‘L'03 1 0'03 5
[ ORing=—— €Xp - 2
l WF-DOAS IO CO&QO) 003
SCIATRAN RTM: O, profile . L i
WF Oy, WF-T, [*—]  Climatology where the indexrs indicates the Raman smoothed quantity,
Radiances Ring calculation . . .
I i Io the solar irradianceyp, 0zone cross-sectiop the so-
lar zenith angle, andj_the vertical optical density of ©
DOAS fitting: __i | Cloud-corrected TO, 3
WF-0,-VC, WF-T (0,), SO,, BrO, Ring S0, slant column (Weber et al., 2007).
— The ozone and temperature weighting functions and mod-

eled radiances (reference intensity) are calculated as a func-
tion of solar zenith angle, line of sight, relative azimuth an-
gle, surface height, and effective albedo using SCIATRAN
was incorporated to calculate the modelled radiance and weightingzﬁoih -Ic—jheinDPg\ii flt\;[\;n\g/ qur:lzt?]d iifrgon-lr;r(ljear Ieaszt qul’rlatrﬁ
functions. CF and CTH indicate cloud fraction and cloud-top-height ethod, Including wavelength shilts and squeeze 1o €

from the SACURA algorithm (Kohkanovsky et al., 2006), respec- Nadir measurement spectrum to make the direct compari-
tively. son between measured and modeled radiances (Coldewey-

Egbers et al., 2005; Weber et al., 2005). After DOAS fitting
the retrieved ozone column was compared with that of the
N _ 5 gy gmed o reference scenario. The fit is repeated with an updated set
In 1MV, by~ In ;M (v, p)+ na{, - x(V=1V) of weighting functions until the change in retrieved value is
v below a convergence limit (see Fig. 1).

Fig. 1. Scheme of the WFDOAS algorithm for $SQ@etrieval from
SCIAMACHY data. The radiative transfer model, SCIATRAN 2.0

- ~mod A —
+a|n81{/ - <(T—1T)
+SCDs0,x0i.50, (1) 24 oMmISQdata

+SCDsr0 07, Bro
+SCD2ingXUi,Ring
+P;

In addition, OMI SQ SC data converted from the publicly
released Planetary Boundary Layer (PBL) OMIS@vel 2
VC products [ttp:/daac.gsfc.nasa.gddre added for com-
parison with the WFDOAS SCIAMACHY S@ The OMI
where I™@s the measured intensity add is the sun- SO, SC data are retrieved with the Band Residual Differ-
normalized reference intensity as provided by SCIATRAN ence (BRD) algorithm (Krotkov et al., 2006, 2008). In this
2.0. Indexr denotes the true atmospheric state. The entirgetrieval, the “sliding median” empirical correction is used
right-hand side of the equation (excluding the reference in-to reduce any cross-track and meridional biases, which sub-
tensity) has to be adjusted to the measured intensity (leftiracts a median residual for a sliding group ofSt@e pixels

. . L = covering+15° latitude along the orbit track from each spec-
.h and sidej for all spectral points (|nde)><5|m_u taneouslyy tral band and cross-track position (Yang et al., 2007; Krotkov
is the reference ozone column corresponding to the reference . ST .

_ ~ et al., 2008). There is cloud screening in these publicly re-

intensity, andr is the reference surface temperatuveand  |eased PBL S@data using the removal of all measurements

T denote the corresponding fit parameters. The specificaith surface reflectivity larger than 30%. The OMI PBL $0
tions for the WFDOAS S@retrieval are shown in Table 1. VCS were converted back to SC using the original constant

In the WFDOAS fitting, the atmospheric scenario which AMF of 0.36.
most closely matches thesQrertical column derived from
the IUP climatology (Lamsal et al., 2004) is selected Us-3 Results of the retrievals
ing linear interpolation between effective albedo, relative az-
imuth angle and geo-location data. A reference spectrum t@.1 Ring effect in the WFDOAS Sgretrieval
account for the Ring effect was calculated online as a func-
tion of total ozone column including ozone profile shape, so-Figure 2 shows the WFDOAS fitting results of two cases:
lar zenith angle, surface albedo, altitude, and viewing geomeene using the online Ring spectrum calculation (ORSC) as
tries using SCIATRAN 2.0, but no interpolation was done described in Sect. 2.3 and the other using just a single Ring
(Weber et al., 2007). Ozone and temperature profiles arspectrum (Vountas et al., 1998), which is based on one stan-
taken from the IUP climatology (Lamsal et al., 2004) which dard ozone profile and only depends on the solar zenith
contains different profile shapes for three latitude belts (trop-angle. The spectra representing background conditions as
ics, middle and high latitudes in each hemisphere) and twoshown in Fig. 2 were taken in the 88 and 100 E longi-
seasons (winter/spring and summer/fall) as a function of thdudinal region on 30 November 2005 (SCIAMACHY orbit

Atmos. Chem. Phys., 8, 6136445 2008 www.atmos-chem-phys.net/8/6137/2008/
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Fig. 2. Results of WFDOAS retrieval: (red dots) retrievals integrating the online Ring spectrum calculation (ORSC) and (black dots)
incorporating a single Ring spectrum (Mountas et al., 1998). The spectra were taken irf theutd 100 E longitudinal region on 30
November 2005 (SCIAMACHY orbit no. 19611). Residuals are peak-to-peak values.

no. 19611). As seen in the top panel of Fig. 2, the WF-3.2 Comparison of WFDOAS with SDOAS results
DOAS retrieval including a single Ring spectrum has posi-
tive offsets over the tropics and mid latitudes. These offsetdmigure 3 shows the SfOslant columns retrieved with WF-
decrease slightly at higher latitudes, while they are decreasbOAS and SDOAS for one orbit with background condi-
ing and even reaching negative values at high latitudes in théions (a), where S@is expected to be below the detection
SDOAS retrievals (see Fig. 3a). These offsets over the troplimit, and another orbit covering a volcanic eruption (b). The
ics and mid latitudes are not present when using the ORSCorbit used for the background condition is the same as that
Even the slightly decreasing offset over higher latitudes isshown in Fig. 2. Volcanic eruption spectra were obtained
removed when using the ORSC3 @olumns at higher lati-  in the 20 W-30 E longitudinal region on 2 December 2006
tudes are slightly lower compared to those obtained by usindSCIAMACHY orbit no. 24868). The OMI S©SC data cor-
a single Ring spectrum. Also important, the fit residual de-responding to geo-locations of SCIAMACHY data measured
creased in the WFDOAS retrieval using the ORSC. It seem®n the same day are plotted in Fig. 3.
that depending on how the Ring effect is calculated, it may As shown in Fig. 3a, the SDOAS results have positive off-
be responsible for positive offsets in the S8Cs. sets over tropical and mid latitude areas, and are decreasing
and even reaching negative values at higher latitudes under
background conditions. SQevels in the SDOAS retrieval
of volcanic emissions are overestimated compared to that

www.atmos-chem-phys.net/8/6137/2008/ Atmos. Chem. Phys., 8, 61332008
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Fig. 3. SO, slant columns retrieved by WFDOAS (red dots) and SDOAS (black dots) methods in the cases of remote background conditions
(a) and a volcanic eruptiofb). The spectra for background conditions were taken in tHeE6@nd 100 E longitudinal region on 30
November 2005 (SCIAMACHY orbit no. 19611, see also Fig. 2). Spectra of the volcanic eruption (near and around Nyamuragira volcano
in Congo, erupted on 27 November 2006) were obtained in tA&\23B0° E longitudinal region on 2 December 2006 (SCIAMACHY orbit

no. 24868). For the comparison of SCIAMACHY $6lant columns (SC) with OMI S©SC (yellowish green dots) are added, which are
retrieved with the Band Residual Difference (BRD) algorithm (Krotkov et al., 2006, 2008).

WFDOAS retrieval (see Fig. 3b). The differences betweenerence sector (RSM) correction, and the BRD OMI retrieval.
SDOAS and WFDOAS are not a result from different poly- The WFDOAS results show less meridional offsets, com-
nomial degrees and absorbers (e.g. BrO in WFDOAS onlypared to those of the SDOAS retrieval, while it shows slightly
ETA and undersampling only in SDOAS), summarized in Ta- higher offsets compared to the RSM-applied SDOAS results.
ble 1. The polynomial degrees and BrO do not have affectThe meridional offset over low and mid latitude areas are
on SQ slant columns in the WFDOAS retrieval, not con- completely removed in the RSM-corrected SDOAS retrieval,
tributing the differences between SDOAS and WFDOAS re-but not in some areas at high latitudes where the instrument
trievals. However, both the third order polynomial and BrO took measurements at large solar zenith angles.
in the fit lead to less fit residual in the WFDOAS retrieval. The seven day mean of BRD OMI $GC from 1 to 7 De-
The constant and latitudinal offsets in the retrieved, SO c€mber 2006 is presented in Fig. 4. Its background level is
SC have also been reported in previous SDOAS &Bieval in the agreement with the RSM-corrected SDQAS re_trieval.
studies (e.g., Khokhar et al., 2005; Richter et al., 2006), SO Both SCIAMACHY and OMI observed volcanic $Gig-
shows clear absorption features in the retrieval wavelengtff@ls around Nyamuragira volcano in Congo (erupted on 27
range of 315-327nm. In this wavelength range ozone abNovember 2006), as also seen in Fig. 3b. There are some
sorption is, however, strong and interferes with,S®ega- breaks in these volcanic signals in the SCIAMACHY data
tive SO, SC values may occur, when the varying ozone de-Pecause it takes turns about recording signals in nadir and

pendence of the Ring effect is not properly accounted for,imP modes. In monthly mean data the volcanicS€g-
particularly, with increasing slant Oabsorption at higher nals observed from the OMI instrument for December 2006

SZAs (see Fig. 3a). The levels of OMI $S@re likely to are lower than those from SCIAMACHY. The difference in

be in the agreement with the WFDOAS SCIAMACHY S0 month_ly average volcanic SGamounts can be explgined by
and show less scatter compared to the SDOAS and WrSampling effect (the average OMI SC on volcanic plumes
DOAS SCIAMACHY SQ The OMI SO2 SCs are stable should be Iower than the SCIAMACHY SC as the OMI sam-
over tropic and mid-latitudes but have relatively larger scat-Plés €ach pixel every day and the SCIAMACHY needs 6
ter at larger SZA. Note that the “sliding median” empirical days to acquire a contiguous global map).

correction and cloud-screening are used in the OM} &0
trieval and the number of OMI S{data points is less than
SCIAMACHY SC data.

Monthly mean S@ slant column maps from December The crucial role of S@in the oxidation capacity of the atmo-
2006 are shown in Fig. 4 for the WFDOAS retrieval, the sphere and the assessment of natural radiative forcing of at-
SDOAS retrieval, the SDOAS retrieval after applying the ref- mospheric sulfate aerosols are well known. The development

4  Conclusions

Atmos. Chem. Phys., 8, 6136+45 2008 www.atmos-chem-phys.net/8/6137/2008/
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WFDOAS SCIA: 01 - 31 DEC 2006 SDOAS SCIA: 01 -31 DEC 2006

% X
Y

BRD OMI: 01 - 07 DEC 2008 SDOAS SCIA RSM-Corrected: 01 - 31 DEC 2008

0 0.2 0.4 0.6 0.8 1 17 1.2 1.4 1.6 1.8 2
802 slant column [10 " molecules/cm™]

Fig. 4. Global maps of S@slant columns averaged over December 2006. The panels shewl&®® columns from the WFDOAS retrieval

(top left), the SDOAS retrieval (top right), the RSM-corrected SDOAS retrieval (bottom right), and the OMI BRD algorithm (bottom left).

In the area of the Southern Atlantic Anomaly (SAA), large scatter in WFDOAS and SDOAS SCIAMACHYr&lts from exposure of

the instrument to radiation and particles. RSM: Reference sector method (Martin et al., 2002; Richter and Burrows, 2002). There are the
open areas in WFDOAS retrievals due to no SACURA data and in the BRD OMI retrievals due to cloud-screening.

of robust control strategies to reduce S@vels in the at- 2. the treatment of the Ring effect is improved when ob-
mosphere requires more precise evaluation of the amount of  tained from a complex data base which depends on
natural and anthropogenic $@om space. Satellite mea- ozone column, reflectivity, and SZA, which appears to
surements of S@can help to better identify and quantify the be the most crucial factor in the S@etrieval using the
amount of natural and anthropogenic emissions of 8au WFDOAS technique.

their transport and conversion to sulfate aerosols in the atmo-
Sphere_ However, the SGlant column retrieval in the UV The abl'lty of WFDOAS retrieval as an alternative method
spectral region is quite challenging due to strong interferencdor SDOAS methods was demonstrated here. Monitoring of
with absorption by ozone, which can produce positive offsetgvolcanic emission and ambient air pollution is important in
over remote (clean) regions, negative offsets at high latitudegerms of global S@ budget and ambient air quality. The
and in region with high ozone, and smaller values over ele\WFDOAS retrieval showed clearly volcanic emissions (e.g.,
vated areas, which after correction with the reference sectofear and around Nyamuragira volcano in Congo, erupted on
method often become negative. 27 November 2006) and ambient air pollution of S@.g.,
Some of these problems in the SDOAS retrieval oL, SO 0Over northeastern China). The current version of the WF-
can be overcome by using the WFDOAS approach which im-DOAS retrieval is computationally expensive4h per one
proves the fit because orbit data on our local machine compared to several minutes
in the SDOAS retrieval). It may be considerably sped up by
1. the wavelength dependence of the ozone airmass factanse of look-up-tables. Up to now, it is suitable mainly for
is accounted for by using weighting functions, and case studies.
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Slant column fitting errors (100-200% relative errors) in Buchwitz, M., Rozanov, V. V., and Burrows, J. P.: A near-infrared
WFDOAS retrieval are at levels similar to those in SDOAS optimized DOAS method for the fast global retrieval of atmo-
retrievals and could be associated with the intrinsic mea- spheric CH, CO, CQ, Hz0, and NO total column amounts
surement noise of SCIAMACHY. The elevated fitting er- from SCIAMACHY Envisat-1 nadir radiances, J. Geophys. Res.,
rors are related to low radiances measured by SCIAMACHY 105,15231-15245, 2000. .
at shorter wavelengths and high solar zenith angle (or highE!r"oWs: J- P, Weber, M., Buchwitz, M., Rozanov, V. V., Latiter-

ozone). The measurement of low radiances leads to the un- Weissenmayer, A., Richter, A., de Beek, R., Hoogen, R., Bram-
O . stedt, K., Eichmann, K.-U., Eisinger, M., and Perner, D.: The
certainties in S@retrievals.

Lo . . Global Ozone Monitoring Experiment (GOME): Mission con-
The measurements of S@missions (in particular vol- cept and first scientific results, J. Atmos. Sci., 56, 151-175, 1999.

canic SQ emissions) from space suffer from sparse temporalcarn, S. A., Krotkov, N. A., Gray, M. A., and Krueger, A.

and spatial coverage of current satellite sensors but also from J.: Fire at Iragi sulfur plant emits SOclouds detected

clouds in the troposphere. However, satellite measurements by Earth Probe TOMS, Geophys. Res. Lett., 31, L19105,

of SO, are a crucial step forward for real time monitoring of ~ doi:10.1029/2004GL020719, 2004.

air pollution change on a global scale, and can provide infor-Carn, S. A., Krueger, A. J., Krotkov, N. A., Yang, K., and Levelt, P.

mation for near real-time application and forecasting such as F.: Sulfur dioxide emissi(_)ns_from Peruvian copper smelters de-
hazard warning and air-quality monitoring. tected by the Ozone Monitoring Instrument, Geophys. Res. Lett.,

34, 109801, doi:10.1029/2006GL029020, 2007.
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