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Abstract. The GOMOS ozone profiles have been analysedtol Introduction
evaluate the GOMOS ability to capture the long-term ozone

evolution at mid-latitudes during the expected recovery phas&since the discovery of the Antarctic ozone hole by Farman
of the ozone layer. Version 5 of the operational GOMOS et g|. (1985) using a ground-based UV spectrometer, there is
ozone data has been compared with data from two of they growing interest in instruments onboard satellites that can
longest ground-based instruments based on different techprovide observations on a global scale. The early ozone mea-
niques and already involved with many other previous spaceyrements from space with the Total Ozone Mapping Spec-
instrument validations. Comparisons between ground-basegtometer (TOMS) confirmed the occurrence of seasonal polar
and GOMOS data confirm the occurrence of spurious repzone decreases and, in addition, provide the horizontal ex-
trievals mainly occurring since 2006. Using a selected setensjon of the ozone hole. While information on the total
of data it is shown that some bad retrievals are induced byyzone column allows for monitoring of the potential increase
the increasing dark charge of the detectors combined with af the solar UV irradiance on the ground, knowledge of the
inadequate method for its correction. This effect does nofgjstribution of the changes as a function of altitude is crucial
only induce a continuous bias, but is rather exhibiting a bi-to petter understand the processes involved and the climate
modal distribution including the correct profiles and the badimpact of these changes (WMO, 2007) through the induced
retrievals. For long-term analyses it is recommended filteringrgdiative and dynamic feedbacks. The two longest records
the data according to background light conditions and staipf ozone profiles from space are available from two differ-
temperature (spectrum shape). The new method of the darknt types of instrument: the Solar Backscatter Ultraviolet

charge estimate proposed to be implemented in the versioggBUV) satellite instruments and the Stratospheric Aerosol
6 of the ESA algorithm seems to significantly reduce the oc-and Gas Experiment (SAGE | + ).

currence of such effects and should allow to monitor strato-

, . ; ) The SBUV/2 instrument is a scanning double monochro-
spheric ozone using GOMOS data with greater confidence.

mator measuring backscattered solar radiation in 12 discrete
wavelength bands ranging from 252.0 to 339.8 nm. The data
are available as partial column ozone layers with vertical res-
olution larger than 10 km with a vertical sampling of around
3km. Furthermore, retrievals are very sensitive to the used a
priori profile (Bhartia et al., 2004).

Successive spectrometers cross-adjustments require

Correspondence tdP. Keckhut comparisons with other independent data sources
BY (keckhut@Ilatmos.ipsl.fr) (Petropavlovskikh et al., 2005; Nazaryan and McCormick,
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2005; Fioletov et al., 2006; Terao and Logan, 2006) toanalyses and this issue appears to be a critical one for
provide a continuous ozone time series on a consistentrend estimates, while the noise detector is increasing with
scale. The adjustment of the full sequence of the successivime. A new method to remove more noise is accurately de-
NOAA satellites (Stolarski and Frith, 2006) that change scribed. Finally, comparisons with two ground-based ozone
every 1-3 years is a good example. series at mid-latitude, do not contradict potential biases that
The SAGE measurement technique (McCormick et al.,exist on the actual retrieval version 5, mainly during the
1989) is based on solar occultation, with ozone profile mea-more recent periods as a consequence of the decrease of the
surements obtained at sunrise and sunset on each of the 14 atetector capabilities.
bits per day. This technique provides a relatively high verti-
cal resolution £1km) and very small long-term drifts re-
sulting from instrument self-calibration. Also measurements2 GOMOS ozone retrieval
are not biased by the diurnal cycle, because they are always
performed at the same time according to the solar zenith an2.1  Method
gle. However, horizontal spatial sampling is limited because
it requires sunset or sunrise conditions. Continuous meaThe stellar occultation technique was developed several
surements are obtained within the latitude range ¢fN60 decades ago (Hays and Roble, 1968). It is based on a ref-
to 60° S and it takes approximately one month to provide aerence stellar spectrum measured when the star can be seen
quasi-global coverage. above the atmosphere. When the line of sight crosses the at-
Biases between the SAGE Il and some SBUV instrumentamosphere, the light is observed through the atmosphere, and
are reported (Nazaryan and McCormick, 2005; Fioletov etthe spectrum is modified by absorption, scattering and refrac-
al., 2006; Terao and Logan, 2006). These biases, on th&on. The observed spectra from 248 to 952 nm are spread
order of several percent, are the largest in the upper stratosver several charge coupled devices (CCD) to cover the full
sphere and will contribute to differences in trends derivedspectrum. The UV domain can be used to retrieve ozone.
from SAGE Il and SBUV data. After further adjustments, The detailed layout of the GOMOS instrument is described
both series now converge better about long-term trend esin Bertaux et al. (2001, 2010). The main derived quantity
timates and show both significant declines of around 10-is the transmission along the line of sight that is calculated
15% (over the 17 years) since 1995 when averaged oveby dividing the star spectra measured outside and through
60° N—60C S in the altitudes domain of 35 to 50 km (WMO, the atmosphere. The main benefit of this method is based
2007) and a decline of up to 10% between 20 and 25 km al-on its independence of the instrumental characteristics and
titude during the same period. These decreases did not corthe ratio provides a measurement self-calibrated and free of
tinue with the same amplitude during the last decade. Solacalibration coefficients. The challenge of the pointing sys-
occultations only provide measurements at sunrise or sunsetem consists of keeping the star image in the centre of the
which can introduce biases when comparing these data witlslit with a good stability. One of the main characteristics of
other datasets due to the ozone photochemical diurnal cycléhe star occultation technique concerns the conditions of the
or indirectly because of temperature tides. measurement that can differ from one occultation to the next.
One alternative method, able to potentially provide dataThe overall quality of the measurements depends on the sig-
both with a good vertical resolution and sufficient hori- nal level and also the contrast of the signal compared to the
zontal sampling, is the stellar occultation technique. Inbackground light. The quality of the measurements is, thus,
March 2002, ESA has launched an environmental satellitedependent on different conditions defined by the amount of
called ENVISAT carrying the GOMOS (Global Ozone Mon- scattering solar light. Dark conditions provide the lowest
itoring by Occultation of Stars) spectrometer (Bertaux et al.,noise level and the most accurate measurements. To min-
2004, 2010). One of the main advantages of any occultatiorimize noise, the CCD temperature has been reduced. For
method is the self-calibration process (Kl et al., 2004).  ozone retrieval, the UV and visible domains, that provide the
Furthermore, the use of stars compared to the use of the suargest absorption bands, are the most appropriate parts of
as light sources allows the increasing of the suitable numthe spectrum. To gain a good spatial coverage a wide va-
ber of occultations. The time of measurement, according taiety of stars are used. The onboard calculator selects the
the solar diurnal cycle, over a given location, varies slightly “best” stars. Some of them provide a strong UV spectrum
more compared to sun occultations but, due to the orbit, refavourable for ozone absorption retrieval and some of them
mains restricted over a reduced range, avoiding aliasing efexhibit a smaller signal. For signal-to-noise ratio issues,
fects with the diurnal cycle. For all these reasons, GOMOS isinvestigations presented here only consider the 70 bright-
a good candidate for long-term ozone 4-D distribution mon-est stars, as suggested by Hauchecorne et al. (2005). Dur-
itoring from space. ing the ENVISAT commissioning phase, a large programme
After a few years of operation, the long-term evolution of coincident ground-based measurements using lidar, ozone
of the ozone profiles provided by GOMOS (version 5) is sonde and microwave profilers has been put in place (Meijer
investigated. The background noise level affects retrievalet al., 2004) and which is still being continued within the
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ture, the wavelength of the maximum emission is linked with

L e e i
2004 | 2005 | 2006 | 2007

1000 —

. . . 500 - ¥ oo’ -
this temperature. A high temperature is related to shorter r ﬁ&/ e ‘
wavelengths and larger UV emission while colder stars emit [~ | | | |lemgduin ToSC )
more in the visible and near infrared regions. Because of the 0 10000 20000 30000 40000 50000

ozone absorption spectrum, the hot and bright stars provide oreit number

the most favourable condltlo_ns for ozone retrieval ((b@r_et Fig. 1. Dark charge time evolution given by the CCD detector when
al., 2010). Because ozone in the lower stratosphere is Venhe instrumentis running on a calibration mode when the instrument
variable (several tenth of %) due to large latitudinal gradientsis not pointing at any star called “dark sky area” measurement (dark
and large-scale filamentary structures extended over contidots). The oscillation is due to CCD temperature fluctuations. The
nental scales, the collocation is an important issue. Meijemormalized noise (red dots) is also indicated. This corresponds to
et al. (2004) conducted an intensive programme of valida-the residual noise after the dark charge noise is corrected for tem-
tion using a very large number of coincident measurementgerature effects.

mainly from NDACC (Network for the Detection of Atmo-

spheric Composition Changes) and found that the best com-

promise between spatiotemporal differences and the numbetrea” (DSA). On each orbit, a dark sky area measurement
of profiles is obtained for a matching radius of 800 km andis planned around the equator and is used to correct all dark
20h. During star occultations, the background noises varyimb occultations performed during the same orbit. The noise
to a large extend according to the position of the sun and thé@f 2 CCD depends exponentially on the local temperature; it
limb illumination that is classified into 3 classes: dark, twi- roughly doubles every 6-<&. In order to take this tempera-
light and daylight. When data are partitioned according toture effect into account, the temperature of the CCD is mea-
the limb illumination conditions and compared with ground- sured. On GOMOS this measurement is made with a digiti-
based measurements, Meijer et al. (2004) found for brighization step of 0.4C, corresponding to a change of about 4%
limb conditions a large negative bias of 18-33%. The biasin dark charge. This digitization effect limits the accuracy of
remains when hot stars are used even if it is reduced. Result§e correction to be applied, especially for high CCD noise.
improve for twilight and even more for dark conditions with ~ During the GOMOS life, the average normalized dark
biases smaller than 10% and down to 2.5% for some altitudeharge of the CCD presented a quasi-linear increase starting
levels. Star magnitude and temperature (related to spectruriiom very low values in 2002, as shown in Fig. 1. The main
shape) seem to be less critical conditions on the data qualityeason for this increase is the appearance of “hot pixels” on
of the retrieval given the applied filtering of the data on the the CCD with a definitively increased noise after particle pre-
reported error (maximum allowed error equal to 20%). Thiscipitations occurring mainly in the South Atlantic Anomaly
study highlighted the large influence of the limb background(Konradi et al., 1994). Another reason is the increase of the

level on the retrieval. average CCD temperature from6 to 0°C between 2002
and 2009 induced by the degradation in space (UV exposure)
2.2 Noise estimate and evolution of the CCD surrounding and induced-radiative effects. The

evolution of the CCD dark charge and CCD temperature can
One important step in the GOMOS data processing is the rebe followed in the GOMOS Monthly Reports available on:
moval of the background light, coming from the solar light http://earth.esa.int/pcs/envisat/gomos/reports/monthiiye
scattered by the atmosphere, and the internal noise of theaw noise evolution indicates, in addition to a linear increase,
CCD (dark charge) to extract the star signal. In dark limban annual signal that is related to the position of the sun. The
conditions, the background light is assumed to be negligibletemperature correction removes this effect as well as a part
In the GOmos PRototype code (GOPR) version 6.0, used irof the linear increase, but the increase of the occurrence of
the present operational GOMOS-ESA version 5 processing;hot pixels” induces a residual noise increase.
the CCD dark charge (DC) is estimated using a measurement The noise is corrected for the local detector temperature
performed by pointing the GOMOS telescope in a direction(Fig. 1). However, the digitization sampling (0@) is
without any star in the field-of-view, called the “dark sky not sufficiently resolved to provide a satisfactory correction.

www.atmos-chem-phys.net/10/11839/2010/ Atmos. Chem. Phys., 10, 11B383-2010
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Fig. 2. Dark charge bias correction using two methods and the respective star spectra with noise extraction. Noise estimated for “Dark Sky
Area” method GOPR v6.0cf (top left). Example of star spectrum with noise extraction in v6.0cf (bottom left). Noise estimated with side
CCDs GOPR v7.0ab (top right). Example of star spectrum with noise extraction in GOPR v7.0ab (bottom right). Vertical black bars indicate
the various CCDs. The x-axis indicates the CCD column index. O to 445 covers the UV part, 248 to 400 nm; 446 to 1415 covers 675 to
400 nm in reverse order); then from 1416 to 1838 there is the CCD devoted tgthar@ around 760 nm, and the one devoted $©H

around 936 nm, from 1839 up to pixel 2338.

Consequently, because of this stepwise uncertainty, the inagrocessor (version 6). In addition to the preceding noise anal-
curacy of the dark charge correction is also increasing proysis using DSA, another step was added to improve the noise
portionally to the dark charge increase and has an increasingesidual using the two side CCDs. The UV flux is estimated
effect on the evaluation of the star spectrum particularly into be 0 at lower altitude in upper and lower bands of the
the UV for faint stars. In the example, shown in Fig. 2, the CCD and the CCD temperature is estimated assuming that
estimated background light after dark charge correction inthe measured signal is equal to the dark charge. After this
the upper band of the CCD (top left of the figure) deviatesadjustment, the star spectrum is close to 0 in the UV (Fig. 2
from 0 in the UV (CCD columns 1-500), whereas a value bottom right part of the figure). The impact on the spectrum
near O is expected for dark limb measurements. Similarly,n the UV domain is very clear in this new version.

the star spectrum (Fig. 2 bottom left) also deviates from 0 in

the UV while a value near 0 is expected at the end of the oc2 3 Impact of the noise on ozone retrieval

cultation corresponding to a very low tangent altitude. This

bad correction of the UV part of the star spectrum may have\yhen data are processed with the DSA noise extraction
some effects on the star spectrum estimate and then in thgethod in the GOMOS V5 processor, the ozone density pro-
ozone retrieval itself because it is interpreted by the spectrajjies sometimes show a strong negative bias with the largest
inversion routine as a lack of ozone. amplitude above 50km (Fig. 3 left). These bad retrievals
In GOPR version 7.0ab an improved analysis is used to esmainly occur when the noise is large (twilight and bright
timate the dark charge in preparation for the next operationatonditions) and the star signal is low. When the level of the

Atmos. Chem. Phys., 10, 1183p1849 2010 www.atmos-chem-phys.net/10/11839/2010/
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Fig. 4. Diagram of the star temperature (UV spectrum) as a function
of star magnitude. Individual tests show that stars that are not both

60 dim and cool, provide the best retrieval conditions. These good stars
are indicated with purple asterisks, whereas the “worse retrieval”

50 group is marked with red asterisks.

40

30 exhibiting biased ozone profiles. As confirmed in the next

section, the bias is not distributed uniformly but rather large
biases are reported for some conditions. Those bad retrievals
can be visually identified as bad retrievals and removed man-
T S P P T POy T Y TOT ually from the data series for any inter-annual or climatologic

studies. Kybla et al. (2006) have identified a black list of
Fig. 3. Og line density profiles obtained with a dim star S143 Some stars (18 out of 70) that appear to be suspicious because
in 2006 using the GOPR v6.0cf processing (left panel) and thethey provide some bad ozone retrieval, while others seem to
same set of profiles re-calculated removing a part of the spectrunibe more reliable (Fig. 4). The effect of the background illu-
(240-280 nm). mination condition on the ozone retrieval has been tested us-

ing a wide range of ground-based instruments (van Gijsel et

al., 2010) showing that the illumination condition is one of
star signal is comparable to the noise, an error in the backthe largest source of uncertainties.

ground estimate has a strong impact on the retrieval. The A new alternative GOPR v7.0ab processing including both
estimated transmission can then be too large or too smalkye psA background noise estimates and the new baseline
However, negative transmissions are not allowed for physiygise correction, described in section 2.2, has been proposed
cal reasons and so, for this reason, the distribution of bias i$5, inclusion in the next operational GOMOS processor. As
not symmetric. We suspect that these negative values are dug,own in section 2.2, the impact on the Dark Charge esti-
to the incorrect dark charge correction at the shortest wavemate in the UV range is quite important and improves the
lengths as explained in the previous section. In these casegar spectrum. Ozone retrievals with this new software have
when the 240280 nm section of the spectrum is discarded ieen run for a limited number of stars and periods. For dark
the retrieval (corresponding pixels are flagged), the retrievegongitions, the retrievals with such a new correction show
vertical profiles appear to be less biased (Fig. 3 right) whileihat strongly biased ozone profiles in the altitude range 35 to
the overall noise of the measurement increases mainly abovgs km are eliminated (Fig. 5). The effect is more evident if
70km because the accuracy of the @trieval, in that alti-  ¢o|d stars are considered. The effect of the noise algorithm
tude range, is mainly driven by the low UV part. on the 2003 data retrieval for 3 selected cold stars is not obvi-
The method of improving the ozone retrieval, by reduc- ous, while the retrieval in 2008 with a larger noise shows that
ing the spectral window in the UV domain systematically, most of the spurious values in the range from 35 to 55 km are
is a strong limitation because not all star-occultations wereeliminated as well as in the 20-25 km range. Independently

20

www.atmos-chem-phys.net/10/11839/2010/ Atmos. Chem. Phys., 10, 11B383-2010



11844 P. Keckhut et al.: Mid-latitude ozone monitoring with the GOMOS-ENVISAT experiment version 5

Cool stars 2003 dataset, full dark

100 T H
nb_stor={3"" redian
« Star 0181 — — — percentlle 16% 8§47
Star Q2B [ :
- Star 063
80 g
~. BOF _
E -
=
o
o
£
T 40 —
20 . E
0 |70Cd|—n0d|CUUt°I 1 1 ?OCdI 1 1 1 1 1 |
108 10" 10" 10" 108 10" 10" 10"
03 local density (rmalec cm—3} 03 lacal density (molec cm—3)
Cool stars 2008 dataset, full dark
100~ — T T 3 > r— T T
| - nb_stor=l.3 S o rmedian
. Star Q181 - percentlle 16% 84%
Star Q28|
- Star Q63|
80 q
~. B0 s
£
=
v
3
2
< 40 : LI .A .
20 LT 4
[ 70cd_nodcouto o 70cd
[v] Y l'n 1 t| L 1 1 1 1 1 1 1 1
10% 10 10" 10" 10° 10" 10" 10™
03 lacal density (malee cm—3) 03 local density (molec cm—3)

Fig. 5. O3 line density profiles retrieved from occultations of 3 cool stars (smaller luminosity in the UV domain) in 2003 (Top) for dark
background conditions processed with the GOPR v6.0cf algorithm including DSA dark charge estimate (left) and GOPR v7.0ab processing
including background bands to better estimate the Dark Charge of the central band (right). Same analyses with the same stars are shown fc
the 2008 dataset (bottom).

to this miss-retrieval, it is important to evaluate the effect of 3 Data comparisons
the noise algorithm on the retrieval during “good” conditions

(best star and dark background). If we consider a bright Starbersion 5 of the ESA-GOMOS ozone data has been com-
with afavourable speptrum (starID 2‘9‘3&”?“"‘6' magnitude ared with two long datasets that have been compared with
1.7), the noise algorithm induces some differences from 402umerous other datasets to estimate mean bias (Dumitru
to 60 km smaller than 10% but randomly distributed, while et al, 2006; van Gijsel et al., 2010). Two previously

arou.nd 15|_ 25‘l(hm range, a p_osnwgtrl]:nt?]s IS detected for thpUsed instruments of the different techniques located at mid-
previous algorithm in comparison wi € new one prODOSGdIa'[itude are used here: lidar at Observatory of haute-Provence
here §F|g. 6). Fror_’n this figure, we can conclude that the N€Wand microwave spectrometer at Hohenpeissenberg. The
algorithm should improve the retrieval for any star. two instruments provide different characteristics and altitude

range. Microwave spectrometers do not exhibit fine vertical

Atmos. Chem. Phys., 10, 1183p1849 2010 www.atmos-chem-phys.net/10/11839/2010/



P. Keckhut et al.: Mid-latitude ozone monitoring with the GOMOS-ENVISAT experiment version 5 11845

5029 extended, full dark 3.1 Comparison with the Bern Microwave

100

] The ground-based microwave radiometer GROMOS is lo-
- cated at Bern (467 N, 7°26 E) in Switzerland and ob-
1 serves the middle atmosphere at an elevation angleoi40
—gcaradsanc] the north-east direction (Peter, 1997). GROMOS measures
7 the vertical ozone distribution from 20 to 70 km altitude un-
der almost all weather conditions during the day and night
since 1994. The instrument is a triple switched 142.175 GHz
total power radiometer. The continuous time series of ozone
1 profiles from GROMOS are regularly used for satellite val-
- idations and ozone trend studies (Steinbrecht et al., 2009;
s Dumitru et al., 2006).
1 The intercomparison of ozone profiles from GOMOS and
= T - ;én';ty WEC' - o ' o GROMOS s similarly performed as the intercomparison
of ozone profiles from GOMOS and the ground-based mi-
Fig. 6. Os line density profiles retrieved from occultations of one Crowave radiometer SOMORA at Payerne as described by
star with a favourable spectrum and luminosity conditions for dark Hocke et al. (2007). The high-resolution ozone profiles of
background conditions processed with the GOPR v6.0cf algorithmGOMOS are adjusted by averaging kernel smoothing to the
including DSA dark charge estimate (red) and GOPR v7.0ab pro-vertical resolution (about 10 km) of GROMOS. The coinci-
cessing including background bands to better estimate the Darklent profile pairs of GOMOS and GROMOS exhibit a mean
Charge of the central band (blue). time differenceAr < 1 h and a mean horizontal distance of
the sounding volumesg < 800 km. The relative difference in

) ] ) the profile of ozone concentration from GOMOS and GRO-
resolution, but fit the GOMOS altitude range 20-80 km andy;0s is given by:

of which especially the upper part presents the only avail-

able validation source. Lidar has a better vertical resolutionA Oz=[O3(GOMOS—03(GROMOS]/03(GROMOS. (1)
mainly in the lower stratosphere, but is limited to the lower ) ) )

part (15-45km). This section does not intend to present & 19uré 7 shows the time series cfOs at altitudes
large scale validation of GOMOS using a larger set of instru-/* = 26,31,36,41,46, and 51km for the time interval 2002
ments as this is covered by other publications (e.g., Meijer ef0 2006. The number of coincident profile pairs (blue dots
al., 2004; Mze et al., 2010; van Gijsel et al., 2010). Here thel® Fig. 7) lies between 770 and 775. The mean biases are
main objective consists of assessing the long-term evolutiofaNging between-6.2% and 3.8%. The best agreement is

and confirming the validity of the tests presented previously@chieved at altitudes from 36 to 41 km. The running mean in-
in Sect. 2. dicates a gradual increase of ozone differences with values of

In the framework of the Network of Detection of Atmo- Nnearly—100% that occur more frequently in the stratopause

spheric Composition Changes (Kurylo and Salomon, 1990),region (lower panels of Fig. 7). These outliers are caused by

some instruments providing ozone profiles are and have beefinrealistic small values of ozone density as sometimes mea-
running systematically over the decades. Many satellite in-Sured by the CCD of ENVISAT/GOMOS. In 2005 to 2006,

strument validations and long-term investigations were per-POSitive biases (20%) are reported at 26 km that do not exist
formed giving large confidences and those instruments hav&fter 2008. A smaller bias over the 31-41km range and a
participated in regular cross-validation exercises (see, for inlarger negative bias over the 46-51km range (20%) can be
stance, Keckhut et al., 2004) and continue to do so. The comPoted. The comparisons reveal that the biases are not sys-
plementary lidar and microwave instruments from the Alpine tématic but are partitioned in two classes of profiles with one
stations used for comparisons with GOMOS profiles werefully L_mrellable. T_hls_ condu<_:ts as a bimodal d|str|b_ut|on of
selected here because of their high quality data and becaudB® differences with increasing occurrence of spurious pro-
the mid-latitude region offers a good coverage of comosfiles. The class of GOMOS profiles presenting a large nega-
observations in dark limb. tive difference with the GROMOS microwave data is clearly
The GOMOS data selection was performed in a space bo,(elated_with the class of profiles with a strong negative bias
of £10° in latitude and+=20° longitude from the two sta- Shownin Figs. 3 and 5.
tions. The brightest stars (stars ID from 1 to 70) have bee
selected because the retrieval is theoretically more accura
(Kyrola et al., 2006).

o) -

=3
[=3

N
o
T T [ T T T [ T T T T T 19

Altitude (km)

20

¢ .2 Comparisons with the OHP Lidar

The ozone lidar measurements are performed using the
DIAL method, which requires the emission of two laser
wavelengths with different ozone absorption cross-sections.
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Fig. 7. Time series of the relative differenegO3 of the ozone concentration profiles of GOMOS and the ground-based microwave radiometer
GROMOS at altitudeg = 26,31, 36,41,46, and 51 km. The red line is a moving average over 80 blue dots. Sometimes GOMOS fails to
detect ozone at upper altitudes (more frequently &t46 and 51 km withAO3 values close ta-100%). N corresponds to the number of
collocations.

Range resolved measurements are obtained with the use ahlly last several hours, which results in a horizontal spatial
pulsed lasers. The spectral range of the laser beams is choesolution of about 100 km, depending on atmospheric con-
sen in the ultraviolet region where ozone absorption is theditions. The vertical resolution has to be reduced as a func-
most efficient. In the case of the OHP lidar, the absorbed ration of altitude due to the decreasing signal-to-noise ratio. It
diation is emitted by a XeCl excimer laser at 308 nm and theranges from several hundreds of metres in the lower altitude
reference line is provided by the third harmonic of a Nd:Yag range to several kilometres above 40 km. The total accuracy
laser at 355 nm (Godin et al., 1989). The reception systenranges from about a few percent below 20 km to more than
includes 4 telescopes of 50 cm diameter with optical fibres10% above 45 km (Godin-Beekmann et al., 2003). Data ob-
mounted in the focal plane in order to collect the laser lighttained with the current lidar setup have been validated using
and a spectrometer to separate the various detected wavéie NASA mobile lidar (Braathen et al., 2004; Keckhut et
lengths. Photon-counting is used for the acquisition of theal., 2004). The lidar in the present configuration has been
lidar signals. The large dynamic range of the signals is han-operated routinely at OHP since 1994. First stratospheric
dled by separating each return signal into a low and a high-ozone lidar measurements were performed with a simpler
sensitivity channel for the measurement of ozone in the lowsystem at OHP in campaign mode in 1985 and 1986. Routine
and middle-high stratosphere, respectively. The ozone nummeasurements were obtained with the simpler system from
ber density is computed from the differentiation of the sig- 1986 to 1993. The OHP ozone data have been compared
nals. Two additional wavelengths corresponding to the firstto various satellite measurements such as SAGE I, MLS-
Stokes vibrational Raman scattering by atmospheric nitrogetJARS, GOME, GOMOS, MIPAS, SCIAMACHY (Meijer et

of the laser beams are detected in order to retrieve ozone ial., 2004, 2006; Brinksma et al., 2006; Cortesi et al., 2007;
case of (volcanic) aerosol loading, (McGee et al., 1993). Thdapaolo et al., 2007; Jiang et al., 2007; Rozanov et al., 2007;
lidar measurements are performed during the night and typivan Gijsel et al., 2009).
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OHP and the microwave profiles at the Alpine station near
Bern, both sites in the northern mid-latitude. While the first
years of GOMOS operation seem to reveal a good agree-
ment between the ground-based and GOMOS measurements,
some large biases are observed after 2006 when more fre-
guent unrealistic GOMOS retrieval are observed. These dif-
ferences are primarily due to bad retrieval cases correspond-
ing to some star occultations exhibiting weak UV signals and

03 difference (%)

N 2 ¥ ¥ 89 g 3 ¥ 2 9 large background noise conditions. Analyses of a selected
®» ¥ d ¥ « & 8 8 &8 & dataset show that some biases can be due to an imperfect
§ 2 & " 8 g e g &9 dark charge correction of the CCD coupled with the regular
Time N = dark charge increase. The distribution of the ozone profiles
T ~% * 40 km exhibits a clear bimodal structure in the 35-55km and 15—

25km altitude range that allows a straightforward detection
of bad retrievals.

A new dark charge correction algorithm has been tested in
the prototype processor GOPR v7.0ab. The preliminary com-
parisons with a subset of data show that the retrieval greatly
improves the quality of GOMOS ozone profiles mainly for
-80 - cold stars. For the “best” stars the new noise algorithm is
expected to decrease the noise in the range 35-55km and
to remove bias around 20km. At that time, resulting bi-
ases in the ozone series do not allow the deriving of long-
term ozone change with the operational GOMOS version 5
dataset regarding the data quality. One possibility in dealing

at 20km(a) and 40 km (b). Open circles correspond to the bright with this version of the data procgssmg consists of remqylng
and twilight illumination conditions while black dots correspond to measu_re_mer_]ts obtained from br_lg.ht background condlthns
dark conditions. The best stars (Fig. 6) are also highlighted withand eliminating some stars providing low signals mainly in
red dots in the centre. Lines correspond to root mean squared linedhe UV domain important for accurate ozone retrieval. How-
regressions for only dark sky observation conditions (black) and inever, this will reduce the number of measurements. However,
addition for the selected stars (red). the reduction of data will be limited while the onboard algo-
rithm that selects occultation cases use preferentially “best”

Comparisons between lidar and GOMOS ozone profilesﬂar available. A full comparison_of the next version of the
have been performed with the similar methodology described=SA-Processed GOMOS data with a larger set of NDACC
previously and exhibit a variability of neart20%. Again, ve_llldatlon mstruments should .be done a_fter the reprocessing
more negative biases due to “bad” GOMOS retrievals appealVith the new operational algorithm (version 6), which should
more frequently after 2006, mainly at 40km and less pro-t@ke place in 2010. This work also pointed out the impor-
nounced at 20 km. Most of the bias profiles correspond totance of long-term val|_dat|on of satellite data with ground-
the noisier spectra obtained during twilight and bright con- Pased network as provide by NDACC.
ditions. When full dark conditions are selected no trends
are reported at 40 km (Fig. 8) in agreement with simula-AcknowledgementsThis work was performed under the frame-
tions shown in Fig. 5. However, at 20 km a positive residualwork of the European Integrated Project Geomon selected by the
trends of more than 10%/decade is reported also in agreeith Framework Program (contract number FOP6-2005-Global-4-
ment with simulations using a star presenting an adapte@36677) and by the MeteoSwiss project MIMAH. The French
spectrum (Fig. 6). When best stars are selected the tren@am was supported for ENVISAT validation by the French Na-

tional Space Agency CNES (Centre National d’Etudes Spatiales).

amplitude decreases at 20km while at 40 km it remains UNGround-based data used in this publication were obtained as

chang_ed and. th?_ decrease of the variability expected fro”ﬂ)art of the Network of the Detection of the Atmospheric Com-
Fig. 6 is not significantly observed here. position Changes (NDACC) and are publicly available through
the NDACC/NOAA web site (http://www.ndsc.ncep.noaa.gov) and
. through the French ETHER web site (http://ether.ipsl.jussieu.fr/).
4 Conclusions Lidar data were also supported by the European Space Agency
(ESA) through the Envisat Quality Assessment with Lidar ESA
Biases are detected in the operational GOMOS version yoject (EQUAL), dedicated to the long-term validation of ozone
(corresponding to GOPR v6.0cf) ozone data when compare@nd temperature profile data from all three atmospheric-chemistry
to data from the ground-based validated NDACC lidar atinstruments (GOMOS, MIPAS and SCIAMACHY) carried on

03 difference (%)
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Fig. 8. Data comparison between GOMOS and the OHP DIAL lidar

www.atmos-chem-phys.net/10/11839/2010/ Atmos. Chem. Phys., 10, 11B383-2010



11848

Envisat and its follow-up to the “Validation with lidar” project
(VALID) with a multi-mission focus and extension with the vali-
dation of aerosol and cloud properties.
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