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Abstract. The GOMOS (Global Ozone Monitoring by Oc- 1 Introduction

cultation of Stars) instrument on board the Envisat satellite

measures the vertical composition of the atmosphere usingpuring the last few decades, extensive research efforts have
the stellar occultation technique. While the night-time oc- been made to measure the vertical composition of the Earth’s
cultations of GOMOS have been proven to be of good qual-atmosphere. Numerous satellite instruments have been de-
ity, the daytime occultations are more challenging due toployed specifically to observe the middle atmosphere using
weaker signal-to-noise ratio. During daytime GOMOS mea-different measurement techniques, geometries, and wave-
sures limb scattered solar radiation in addition to stellar radengths regions. Limb-viewing instruments can directly ob-
diation. In this paper we introduce a retrieval method thatserve the solar or stellar signal as the source is occulted by
determines ozone profiles between 20—60 km from GOMOShe atmosphere or instead measure the scattered indirect sun-
limb scattered solar radiances. GOMOS observations contailight (radiance) and various atmospheric emissions.

a considerable amount of stray light at high altitudes. We in- Compared to the nadir looking instruments the limb-
troduce a method for removing stray light and demonstrateviewing technique can not achieve as good horizontal spatial
its feasibility by comparing the corrected radiances againstesolution but it yields superior vertical resolution. The limb
those measured by the OSIRIS (Optical Spectrograph & Infraview also offers greater sensitivity to trace constituents than
Red Imaging System) instrument. For the retrieval of ozonethe nadir view. Cloud interference is often a disadvantage
profiles, a standard onion peeling method is used. The firsin the limb view, but on the other hand it can be used, for
comparisons with other data sets suggest that the retrievedxample, to study polar mesospheric clouds and noctilucent
ozone profiles in 22-50 km are within 10% compared with clouds Petelina et aJ.2006 Robert et al.2009 Pérot et al,

the GOMOS night-time occultations and within 15% com- 2010. A detailed information of the past and present middle
pared with OSIRIS. GOMOS has measured about 350 00&tmosphere instruments can be found e.gGmant (1989;
daytime profiles since 2002. The retrieval method presente&hepherd2002; Qu et al.(2006.

here makes this large amount of data available for scientific The obvious advantage of satellite measurements is that
use. large quantities of global data can be gathered over long peri-
ods of time. Recent middle atmosphere studies, for instance,
Jones et al(2009; Kyrdla et al.(2010; Kiesewetter et al.
(2010; Gillett et al. (2011, have increasingly aimed to uti-
lize and sometimes to combine large satellite data sets in or-
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and anthropogenic forcings in the atmosphere. Furthermore 24
long and consistent satellite data sets are crucial for valida- 22
tion of climate models. 20
The GOMOS (Global Ozone Monitoring by Occultation §1s
of Stars) instrument on board the Envisat satellite uses the 4
stellar occultation method to probe the atmosphere betweer ,
10 and 130km. Since 2002, GOMOS has performed alto-
gether almost one million measurements. The ozone profiles
obtained from the night-time occultations are considered to
have typically better than 5% accuracy in the stratosphere 24
(Meijer et al, 2004 Renard et aJ.2008 van Gijsel et al. 22
2010. However, the majority of the daytime ozone profiles 20
retrieved from occultations are currently of poor quality and § 18
not suitable for scientific use. 16
In addition to the star signal, GOMOS also records the 14
limb scattered sunlight during the daytime in similar way 1,
to e.g. OSIRIS (Optical Spectrograph & Infra Red Imag- Wavelgr?gth [nm]
ing System) on the Odin satelliteléwellyn et al, 2004 and
SCIAMACHY (SCanning Imaging Absorption SpectroMe- Fig. 1. Saturation in the normalized GOMOS radiances for a few
ter for Atmospheric CHartographY) on Envisadttwald altitudes. Upper panel: current Level 1 version, where obviously
et al, 2006. The first experiment to retrieve ozone pro- Saturated pixels are not flagged. Lower panel: forthcoming Level 1
files from the GOMOS bright limb (GBL) measurements was version includ_ing_improyed §aturation flags (data achieved via pri-
done byTaha et al(2009, obtaining promising results. In Vate communications with Gilbert Barrot, ACRI-ST).
this paper we present a study to retrieve ozone from the GO-
MOS radiances and show some initial comparison results.
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get the pure star signal which is then used for the retrievals.

This procedure is performed for the day and twilight observa-
2  GOMOS radiance measurements tions but not for the night measurements when no limb scat-

tered light contribution is present.
2.1 The GOMOS instrument

2.2 Saturation
GOMOS is a UV-visible spectrometer covering the wave-
length range from 250 to 675 nm with 1.2 nm spectral res-The GOMOS radiance measurements suffer from CCD sat-
olution (during night-time observations). Two additional uration below 30 km in the 400-500 nm band. The saturated
infrared channels at 756—773nm and at 926-952 nm witlpixels are flagged in the Level 1 data but the flags are not cor-
0.2nm spectral resolution are also included. GOMOS isrectly implemented in the version 5.00 of the Level 1 data.
also equipped with two fast photometers sampling at theThe effect of the saturation is clearly seen when looking at
frequency of 1 kHz in the ranges 644-705nm and 466-normalized radiances (measured radiances divided by a radi-
528 nm. GOMOS was designed to measure about 180 difance spectrum from a high altitude). A normalized radiance
ferent stars as they occultate through the atmosphere. Abous also calledadiance ratio Figurel shows normalized radi-
300-400 occultation events are recorded each day betweeances between 350 and 550 nm for a single scan (orbit 9758,
around 10-130 km. star 83) and for a few altitudes. The upper panel is plotted

The vertical sampling distance of GOMOS is 0.5-1.6 km. using the current Level 1 data, and while the signal notably
The uncertainty in the tangent height registration is verybegins to saturate at 26 km, the version 5.00 flags are wrongly
small because stars are point sources whose positions amaiming the data to be good down to 24 km.
well known. The only uncertainties come from the satellite  The new Level 1 processing version, coming out in 2011,
position and the ray path calculation but the impact of theseincludes improved saturation flags. The lower panel of Fig.
on the retrieved profiles is considered negligibfariminen  reveals that almost all saturated pixels are now flagged cor-
etal, 2010. rectly. It is important to have correct saturation flags for
During the daytime, the GOMOS CCDs record light from a successful retrieval. Our strategy in the retrieval is to

the limb using three spatial bands. The central band measurdgake advantage of the whole UV-Visible optical region be-
the sum of the star and the limb scattered signal, while the uptween 280—700 nm and use dozens or even hundreds of wave-
per and the lower bands measure only the limb contributionlengths. This way the profiles can be retrieved for a wide al-
In the operational occultation retrieval, the upper/lower bandtitude range. If the saturation flags are incorrect, and also sat-
radiance is removed from the central band measurement tarated pixels are used in the retrieval, errors in the retrieved
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profiles will greatly increase. In this study, we ignored the
whole 400-500 nm region to make sure that no saturated pix-
els were used in the retrieval.

3 T
b - - - Original radiance
b —— Radiance used for fitting

|‘ @ Constrained value at 20 km
Stray light estimate at 300 nm |
1 Stray light estimate at 350 nm
Stray light estimate at 600 nm
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In addition to the CCD saturation, the GOMOS limb scatter
measurements suffer from severe stray light contamination.
External stray light refers to the light whose origin is outside  4of
of the nominal field of view of the slit but is nevertheless ob-
served by the instrument. There are two major sources of the 20
external stray light in GOMOS. One is the solar light scat- Radiance [photons/(cm? s ster nm)]
tered by some Envisat hardware into the baffle and optics of
GOMOS. The other is the off-axis scattering coming from Fig. 2. Stray light estimation for 300 nm, 350 nm, and 600 nm. The
the sun-illuminated atmosphere. The latter stray light com-spectral shape of the stray light is used to calculate the 20 km points
ponent is most probably coming from the zone below the line(red circles), which are then used together with #00 km radi-
of sight between the tangent point and the satellite position'ance values to calculate the stray light estimates for all altitudes.
Our preliminary investigations show that there seems to be a
positive correlation between cloudiness in this area and the
amount of stray light, specially at the red end of the spec-
trum.

In Taha et al(2008, the GOMOS stray light was modeled
by assuming the measured radiances to be entirely stray light
between 80 and 120 km and by doing a simple linear fit for 4. Recalculate the extrapolated stray light estimates at

fo2]
o
T

3. Extrapolate this stray light estimate for the 20 km tan-
gent height corresponding to the typical lowest tangent
height of the daytime GOMOS scans. We denote these
extrapolated 20 km values 5@«()»).

each wavelength. A similar approach was also useRényit 20km, obtained in the previous step, using the spec-
(2005 for SAGE Il limb scatter. In this study, the stray tral shapeS() as a constraint. The best fit in the least
light removal method is slightly different. We only consider sguares sense is
altitudes above 100 km and use the spectral shape of stray
light to constrain a polynomial fit. st .

The relative amount of stray light in the GOMOS ra- T SIS0 lext(%). @

diances increases with the altitude and above 100km we

consider the signal to be pure stray light. We can deduce  The constrained values at 20 km are then

the altitude dependence of the GOMOS stray light from A

the >100 km spectra, but the extrapolation to lower tangent  7it(A) = ¢ S(A). 3)
heights will often lead to unreliable results. To avoid this,

we constrain the extrapolation by the spectral shape of the 5. Compute a third degree least squares polynomial fit for
stray light. Our stray light correction method consists of the ~ each wavelength using the measurements above 100 km

following steps: and the recalculated 20 km valuBg(».).
1. Calculate the mean relative stray light spectrum 6. Evaluate the polynomial for all measurement tangent
heights and subtract the obtained stray light estimate
18 10, ) from the radiances.
Sy ==y () _ _ _ |
n jzll()tsoo,J) Figure 2 illustrates the stray light calculation for three

wavelengths. The red circles are the constrained 20 km val-
where (%, j) are the measured radiance spectra andues calculated in Eq3). Blue, green, and red lines show
1 (500, j) are the measured radiances at 500 nm. Thethe final stray light estimates which are subtracted from the

tangent height index goes through the measurements radiances.

GOMOS begins to scan at130 km with~1km ver- ~ cause the-100km spectra always contain some noise and

tical sampling so that the number bfx, j) spectrais Wavelengths are treated independently radiances become
about 30. noisier after the correction. Another issue is that the optimal
range and orders for the the polynomial fits are unknown and
2. Compute a linear least squares fit for each wavelengthihe choices can affect the results, too. In this study, we used
using the measurements above 100km as the fittinga linear fit in Step 2 and a third degree polynomial in Step 5.
range. Also, in reality, the amount of stray light may actually vary as
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Fig. 3. GOMOS slit function. Fig. 4. Comparison of GOMOS and OSIRIS spectral resolution in

the NO, retrieval region. Shown are 32 km radiances normalized
with the 47 km spectra. The GOMOS ratio is before stray light
a function of altitude leading to abnormal results from the ex-correction and scaled to fit in the figure.
trapolations. As mentioned earlier, the GOMOS stray light is
dependent on the albedo of the underlying reflective surface
between the tangent point and the satellite position. ThusTable 1. Coincidence criteria for the GOMOS and OSIRIS radiance
strong albedo gradients during the measurement can disturfyatches.
the usually quite linear altitude dependence of stray light at

high tangent heights. In these cases, a simple linear fit would Latitude 3

probably be better than any higher degree polynomial. Longitude 6
Time 24h
Sun zenith angle 2

3 Radiance comparison Scattering angle 2

In this section we compare GOMOS radiances with OSIRIS
radiances. OSIRIS is a combined UV-Visible optical and

infrared instrument dedicated to limb scatter measurementssoMOS data by investigating the oxygen emission line at
The instrument is flying on board the Odin satellite, launchedss7 nm whose spectral characteristics are well known.

in 2001. The OSIRIS Level 1 data is the. latest version, re- . o qdition to the low spectral resolution, the GOMOS ra-
processed in the end of 2009. OSIRIS radiances are re""‘t"’elﬁiances are also much noisier than those of OSIRIS. This
free of stray light below~70km and therefore OSIRIS is a makes it challenging to retrieve trace gases whose absorp-

good reference for the validation of GOMOS radiances andjq, fingerprints are relatively small compared to the ozone
the stray light correction algorithm. However, it should be fingerprint. For example, NEs routinely retrieved from the
noted that stray light is not totally absent from the OSIRIS OSIRIS data using the Nabsorption features in the 430—
measurements elther.' ,BUt accord'”g ula?we!lyn et al. 450 nm region. Figurd shows radiance ratios in this region
(2009 and references in it, the contamination is rather smaIIfor GOMOS and OSIRIS at 32 km. The absorption lines are
and within expe(_:ted I|m|ts._ The GOMOS Level 1 is also the barely recognizable in the GOMOS ratio, while the OSIRIS
most recent available version 5.00 from 2006. ratio is far cleaner. At higher altitudes the noise in GOMOS

The criteria shown in Tabl& were used to find coi_ncident obscures the absorption lines even further and belg@km
measurements between GOMOS and OSIRIS. Using the datt?we region begins to saturate as shown in Eig.

from the year 2004, a total of 14 matching observations were

found when applying the coincidence criteria and excluding .
data with solar zenith angle larger thar? 86 hese observa- 3.2 Absolute radiance
tions are from a very narrow latitude band arounél 8@rom

January and February 2004. First, we analyzed the differences between GOMOS and

OSIRIS absolute radiances. The radiances were interpolated
3.1 Spectral resolution and noise in wavelength and in altitude using linear interpolation. Ra-
diance as a function of altitude changes non-linearly in the
The spectral resolution of the GOMOS radiance measurelJV wavelengths but the high vertical sampling of both in-
ments is~3.5nm, i.e. relatively low compared tel nm of struments (1-2 km) allows us to use linear interpolation.
OSIRIS. The wider slit of GOMOS allows the tracking of  Figure5 shows an example of an individual OSIRIS (or-
occultating stars but it lowers the spectral resolution. There-bit 15702, scan 25) and GOMOS (orbit 9778, star 83) match.
fore, we convolved the OSIRIS spectra with the GOMOS slit At 55km the amount of stray light in the GOMOS ra-
function. The best estimate of the slit function is shown in diance is prominent, especially in the wavelengths above
Fig. 3. The GOMOS slit function was estimated from the 400 nm. After the stray light removal, the overall agreement
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is significantly better but the removal algorithm has intro-

duced some additional noise to the radiance. 25[ | ‘ ‘ " —— (GOMOS corrected-OSIRIS)/OSIRIS]
Figure6 presents median differences between OSIRIS andx M (GOMOS original-OSIRIS)OSIRIS

stray light corrected GOMOS radiances for two different al- g 0 e —

titudes (55 and 30km). There seems to be a positive bias ing

the GOMOS radiance below 350 nm. The bias is increasings 2°| \

towards lower altitudes, being up to around 20% at 55 km

and 40_60% at 30 km 50 360 35‘:0 460 450 560 55;0 660 6’:":0

Wavelength [nm]

3.3 Radiance ratio Fig. 7. Example of radiance ratios from GOMOS and OSIRIS. Up-

Instead of using absolute radiances, a common practice tBer panel: ratios of 30 and 47 km. Lower panel: relative differences.
counteract uncertainties from calibration and polarization is
to normalize radiance spectra by a high altitude measurey
ment. It may be a full spectrum from one altitude, typically

around 50km, or the reference can come from various alti-p gjightly revised version of the inversion method described

tudes depending on the wavelength. in detail in Tukiainen et al(2008 is used for the retrieval.
The same match as in Fig.is shown in Fig.7 but the  The fundamental idea is the same. For every measurement

radiances are now normalized with the 47 km spectra. The{angent heighy, a least squares fit weighted by the standard

difference in the UV band is apparent and the stray light cor-geyiation of the noise term is done between the model and
rected ratio is noisier than the original GOMOS radiance ra-tne measurement:
tio. Otherwise the agreement between the OSIRIS ratio and R
the stray light corrected GOMOS ratio is good. 1(j,2)  Iss(j, X, p)

The median of the differences of the 14 matches is shownlief(A) —  ji4¢(1)
in Fig. 8 for 55 and 30km. At 30km the GOMOS ratio is ) ) ) )
biased up to +20% below 320 nm and there is an opposed bia¥here 7 (j, 4) is the observed radiance arg(%) is the
at 55 km. At 55 km the red end of the spectrum is quite noisy'€férence measurement-ad7km. On the right hand side,
due to the stray light correction. The bias in the wavelengths/ss(J> #. ») is the modeled single scattering radiance, ad-
320-680 nm is 5-10% for both investigated altitudes. justed dynamically during the fitting operations afhek(1)

is the modeled reference radiance including multiple scatter-

ing. The second term on the right:

Inversion method

R(j, 1) + €, 4)

. Tiot(j, 1)
R(j, A) = ——2— %)
/ Ty, 1)

www.atmos-meas-tech.net/4/659/2011/ Atmos. Meas. Tech., 466392011



664 S. Tukiainen et al.: Retrieval of GOMOS limb ozone

30

—— 55km Table 2. Siro look-up table parameters.

20 ——30km

Parameter Range

Zenith angle 40-9Q 5° resolution
Azimuth angle  20-18Q 10 resolution

Difference [%)]

_10k Albedo 3 albedos: 0.1, 0.5, 0.9
Climatology 5 regions: tropic, mid latitudes
20300 350 400 450 500 550 600 650 (summer,winter), arctic
Wavelength [nm] (summer), Antarctica (summer)
Altitude 12,14, 16, 18, 21, 23, 25, 27,

Fig. 8. Median relative difference of the 14 OSIRIS and stray light
corrected GOMOS radiance ratios at 30 km (blue) and 55 km (red).
Radiances were normalized with the 47 km spectrum.

30, 35, 40, 50, 60, 70km

Wavelength 123 wavelengths in the
280-680 nm band

is the ratio of modeled total to single scattering radiance.

This term comes from a look-up-table (see TaBleand

Sect.4.1) and is kept fixed during iterations. The iterative using much more narrow wavelength windows. It should
fitting of the gas densitiep in Eqg. @) is done using the be noted that, as mentioned earlier, N® not currently re-
Levenberg-Marquardt methotgvenberg1944 Marquardf  trieved from the GOMOS bright limb measurements due to
1963. The standard deviation efin Eq. @) is used as a weak spectral performance in the 430-450 nm band of GO-
weight in the fitting. At every tangent height, the best fit is MOS. In this study, we did retrieve neutral air and aerosols in
the one that minimizes the chi square value the same peeling loop as ozone but the quality of these two
%2 = (Tobs — Tmoa)™ C (Tops — Tinod. ©) products will be determined in later studies.

whereTyps is the measurement ratio (left hand side of Bg. 4.1 Radiative transfer model

andTmog is the modeled ratio (right hand side of Eqwith-

out the error term). The covariance matéhis diagonal and It is straightforward and computationally very effective to
includes only the standard deviation of the measurement ercalculate single scattering radiances in limb-viewing geom-
ror. The standard deviation of the radiaricg, 1) is approx-  etry. But in the visible wavelengths, a significant part of the
imated as photons have scattered multiple times before observed by the
instrument. This makes the modeling challenging, and usu-

orad(j, ) = VI.(j, ») + Isch) + Iac(h) Z(b), (7) ally approximations are used to simplify the radiative transfer
wherel,(j, ) is the uncorrected radiance as electrdgg)) calculations.
is the approximate variance of the stray light estimate).) Several models have been developed to calculate the mul-

is the contribution from the dark charge, addh) is the ra-  tiple scattering radiance in the UV visible wavelengths.
diometric sensitivity curve to convert the values into physical Recent models include e.g. SASKTRARBdurassa et al.
units. The variance of the radiance ratj "(f)) is approxi- 2008, McSCIA (Spada et a).2006, Sciatran Rozanov
mated as ref et al, 2005, MCC++ (Postylyakoy 2004, LIMBTRAN
) 2 ) ) P (Griffioen and Oikarinen2000 and Siro Qikarinen et al.
2 .. _ <0rad(]s)\)> <R(]s)\)0'rad(]ref,)~)) 1999.
Oratiol/sA) = + . (8) . .

Iref(2) Iref(2) We use a revised version of the Monte Carlo (MC) model
wherelef(1) is the measurement reference radiamg, 1) Siro. Siro is a backward MC model — photons are simu-
is the modeled tot/ss ratio, amgad(jref, A) is the standard lated from the detector towards the atmosphere. The latest
deviation of the radiance at the reference altitude. At the mo-Siro version is written in Fortran90 and parallelized using
ment, no modeling error is added in the covariance m&rix OpenMP framework. Options for polarization and refraction

The atmosphere between around 60 and 20 km is “peeledare available, but were not used in this study.

from top to down to get the vertical profiles of retrieved The execution time of Siro depends mainly on the tan-
species. With this approach, it is possible to retrieve severagient point altitude and wavelength. More multiple scattering
species simultaneously. TypicallysOaerosols and neutral means slower execution. The multiple scattering contribu-
air are inverted together using tens (or hundreds) of wavetion is determined by the solar angles, atmospheric composi-
lengths in the 280-680 nm band, while N taken from a  tion and albedo.

climatology and kept fixed. In this study we used 71 wave- The running time and the precision of the solution are nat-
lengths. As shown ifukiainen et al(2008, it is bettertore-  urally proportional to the number of simulated photons. With
trieve minor absorbers such as Ni@ separate peeling loops a modern CPU (Xeon E5420) using only a single core, a

Atmos. Meas. Tech., 4, 65867, 2011 www.atmos-meas-tech.net/4/659/2011/



S. Tukiainen et al.: Retrieval of GOMOS limb ozone 665

N=14 N=79
60 T T T 60 T T T T 60 T T T T 60
—— GBL without UV - = —— GOMOS NIGHT OCC
- = = GBL with UV <" —GBL
55 ——OSIRIS 1 55F N2 - 1 55 155

a1
o
a
o

150

N
a1
T
B
o

1 45F

401

Altitude [km]
e
o
Altitude [km]
s
o
Altitude [km]

W
a1
T
w
a

1350

W
o
T
w
o

130

n
&
T
1
N
a1l

1250

/, I
of% 1 AN " ‘ ‘ o T
-20 —10 0 10 20 0 1 2 3 4 5 -20 —]:0 0 10 20
Ozone Density [cm™3)] x 10" Difference [%] Ozone density [cm ™| x10% Difference [%]

20
0

Fig. 9. Retrieved ozone profiles from the 14 GOMOS and OSIRIS Fig. 10. Comparison of the 79 GOMOS bright limb profiles and

radiances of Figs. 6 and 8. Left panel: medians of the OSIRISGOMOS night occultations at the equator. Left panel: medians of

profiles (blue), GOMOS profiles retrieved with the UV band (red the distributions. Right panel: median of the individual relative

dashed profile) and without using the UV band below 40 km (red differences (solid) and the 25th and 75th percentiles (dashed).

solid profile). Right panel: medians of individual relative differ-

ences compared to the OSIRIS profiles and the 25th and 75th per-

centiles. The red lines show the difference (and deviation) whenwithout the UV band below 40 km (red solid line). The right

using the UV band and the green lines show the difference wherhane| shows the medians of the individual relative differ-

the UV band is not used. ences (with OSIRIS being the reference) and the 25th and
75th percentiles. In both cases there is a negative bias below

10° photon simulation for one wavelength takes a few sec-20 km compared to OSIRIS but flagging the UV wavelengths
onds in the UV region. In the visible band, a similar simula- ¢l€arly improves the agreement. _
tion takes typically around 30s. To better test the statistical accuracy of the retrieved pro-
It is computationally too expensive to use Siro directly in fleS, we compare the GOMOS bright limb profiles with the
the operational retrieval. Instead in Ed),(we use a fast GOMOS night-time occultatlop prof|le§. Due to issues in
analytical single scattering model and perform multiple scat-th€ 400-500 nm band (saturation) and in the UV band below
tering correction using a Siro calculated look-up table. The#0km. we flagged these wavelengths from the retrieval. Fig-
Siro look-up table is built with the parameters shown in Ta- Ure 10 shows the result of the comparison in the equator be-
ble 2. The sensitivity of the look-up table values to the pa- tWeen 30 Sand 30N. The 79 profiles are from 2003 with no
rameters were also studied, and the ranges shown in Zable MOre than 1 difference in latitude, 2in longitude and 15h

were found sufficient. To get approximately 1% accuracy,i” time. The median of the individual relative differences is

radiances were simulated with%photons. less than_ 1Q% between 22 and 50 km. Above 45 km the di-
urnal variation of ozone starts to take effect, and the GBL
values (day) are smaller than the night occultation values, as

5 Ozone profile comparison expected. There is a large bias in the GBL profiles below
22 km compared with the night occultation profiles. This is

As there is some discrepancy in the GOMOS and OSIRIS raprobably because some saturated pixels were still used in the

diances below-~350 nm, differences in retrieved ozone pro- retrieval (outside of the 400-500 nm band). However, GO-

files should be eXpeCtEd. Above around 40 km, these wavepos day'nme prof"es at the equator seldom reach to 20 km
lengths are required for successful ozone retrievals. But apr lower. During the daytime, when the limb scattering con-
lower altitudes, information mainly comes from the Chap- tripution is present, it is difficult to follow occultating stars at

puis band around 600nm, and the UV band can be suptow tangent heights. The limb signal starts to overwhelm the

pressed from the inversion. star signal and the star tracker loses control more easily.
Figure 9 shows a comparison of the 14 GOMOS bright

limb and OSIRIS ozone profiles retrieved using the radi-
ances shown in Fig$ and8. The profiles were first in-

terpolated into the same 1km grid and the medians of the
distributions are shown in the left panel. The GOMOS pro-
files were retrieved with the UV band (red dashed line) and
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Fig. 11. Distribution of the night and daytime measurements from
GOMOS during 2004.

6 Discussion

There are serious defects in the GOMOS Level 1 bright limb
data that complicate trace gas retrievals. The stray light con
tamination is a severe problem at high altitudes. In the wave
lengths >400 nm, stray light accounts for as much as 10—
50% of the measured signal already at 55 km altitude (se
Fig. 5). Thus, it is absolutely necessary to correct for the
stray light. The radiance comparisons against OSIRIS sug
gest that the algorithm presented in S@cBis feasible.

In addition to the stray light, the signal saturates below

e

S. Tukiainen et al.: Retrieval of GOMOS limb ozone

agreement with GOMOS night-time occultations was better
than 10% between 22 and 50 km in the equator. The good
comparison result against the GOMOS night-time occulta-
tions, after flagging the UV band, suggests that the UV band
is biased indeed in GOMOS and not in OSIRIS.

Despite the weaknesses in the Level 1 data, the proposed
stray light removal algorithm and the inversion method offer
a promising way to utilize the whole GOMOS bright limb
data set. The processing of the GBL data would roughly dou-
ble the amount of useful GOMOS ozone profiles between at
least 22 and 50 km. The distribution of GOMOS night-time
and daytime measurements in 2004 is shown in Flg.

Finally, it should be noted that the comparison for profiles
shown in this paper is preliminary and should be extended
using other reference instruments for all latitudes. Addition-
ally, the robustness and performance of the stray light correc-
tion could be analyzed more carefully in a separate study.
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