N
N

N

HAL

open science

Coordinated ground-based validation of ENVISAT
atmospheric chemistry with NDSC network data:
Commissioning phase report

Jean-Christopher Lambert, Vincent Soebijanta, Yvan Orsolini, Signe

Andersen, André Bui Van, John Burrows, Yasmine Calisesi, Clare Cambridge,

Hans Claude, Marie-Renee de Backer-Barilly, et al.

» To cite this version:

Jean-Christopher Lambert, Vincent Soebijanta, Yvan Orsolini, Signe Andersen, André Bui Van, et
al.. Coordinated ground-based validation of ENVISAT atmospheric chemistry with NDSC network
data: Commissioning phase report. Proceedings of the Envisat Validation Workshop. ESA SP-531,

Dec 2002, Frascati, Italy. insu-03553373

HAL Id: insu-03553373
https://insu.hal.science/insu-03553373
Submitted on 2 Feb 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://insu.hal.science/insu-03553373
https://hal.archives-ouvertes.fr

COORDINATED GROUND -BASED VALIDATION OF E NVISAT ATMOSPHERIC
CHEMISTRY WITH NDSC NETWORK DATA: COMM ISSONING PHASE REPORT

Jean-Christopher Lambert®”, Vincent Soebijanta’”, Yvan Orsolini®, Signe Andersen®, André Bui Van®,
John Burr ows®, Yasmine Calisesi®®, Clare Cambridge™”, Hans Claude®, Marie-RenéeDe Backer-Barill y©,
Jéromede La No&™?, Martine De Maziére, Valery Dorokhov™®, Aasmund Fahre Vik®,

Sophie Godin-Begkmann®?, Florence Goutail ™, Georg Hansen™, Gerd Hochschild™, Britt Ann Hgiskar®,
Paul Johnston™®, Niklaus K ampfer®, Karin Kreher®, Esko Kyr&®?, Jean Leveau®®, Jorg Mader™?,
Genadi Mili nevski®?, Jean-Pierre Pommereau™®, Paul Quinn®, Uwe Raffalski®®, Andreas Richter®,
Howard Roscoe®, Jonathan Shanklin®®?, Johannes Staehelin®?, K erstin Stebel*?, René Stubi®®,
Tuomo Suortti®?, Kjersti Tarnkvist®, Michel Van Roozendadl”, Geraint Vaughan”, and Folkart Wittrock®

@ Space Aeronamy I nstitute of Belgium, Avenue Circulaire 3, B-1180Brus!s, Belgium, Email : lambert@iasb.be

® Norwegian Institute for Air Research (NILU), Kjeller, Norway

® Danish Meteorological Institute (DMI), Copenhagen, Denmark

@ nstituto de Pesquisas Meteorologicas, University of SaoPaulo (UNESP), Bauru, Brazil
® Institut fiir Umweltphysik/Fernerkundung(lUP/IFE), University of Bremen, Germany

© |nstitute of Applied Physics, University of Bern, Snitzerland

) Department of Physics, University of Wales, Aberystwyth, UK
@ Deutscher Wetterdienst (DWD), HohenpeiBenberg, Germany

© Groulpe de Spedrométrie Moléaulaire et Atmosphérique (GSMA), Université de Reims, France
(9 Opservatoire de Bordeaux, Université Bordeauxl/CNRSINSU, Floirac, France
D Central Aerological Observatory (CAO), Dolgoprudny, Moscow region, Russa
(12 Service d’ Aéronamie du CNRSIPSL, Université de Jusseu, Paris, France
(19 srviced Aéronamie du CNRS, Verriéres-le-Buison, France
% Norwegian Institute for Air Research (NILU) at the Polar Environmental Centre, Tromsg, Norway
9 Institut fiir Meteorologie und Kli maforschung(IMK), Forschungszntrum Karlsruhe, Germany
(9 New Zealand Institute of Water and Atmospheric Research (NIWA), Lauder, New Zealand
@7 Finnish Meteorological Institute (FMI), Sodarkyla, Finland
@3 Université de La Réunion, Sant-Denis, France
@9 | ngtitute for Atmospheric and Cli mate Science, ETH-Zurich, Switzerland
9 KjevTarasa Stevdenko University (KTSU), Kiev, Ukraine
@) gwvedish Institute of Space Physics (IRF), Kiruna, Sweden
22 Briti sh Antarctic Suvey(BAS), Cambridge, UK
@3 MeteoSuise (MCH), Sation Aérologique de Payerne, Switzerland

ABSTRACT

In the framework of the coordinated projed cdled CINAMON, a list of groundbased stations associated with the
Network for the Detedion of Stratospheric Change (NDSC) contribute to the quasi-global validation of ENVISAT
atmospheric chemistry data. This paper reports on such adivities performed during the Commissoning Phase (CP) of
the satellite. After a description of the correlative database generated during this period, preliminary groundbased
studies relying on this database give afirst picture of the quality of SCIAMACHY ozone and nitrogen dioxide columns,
and GOMOS and MIPAS ozonre profiles. Illustration of the global mapping of MIPAS ozone profile data is aso
presented. The paper concludes with perspedives for the Main Vali dation Phase of ENVISAT.

1. INTRODUCTION

On March 1, 2002 the third Earth observation satellite platform of ESA, ENVISAT-1, was launched onto a
heli osynchronows paar orbit with 10:00 mean solar locd time at descending node. The payload of ENVISAT includes
threeinstruments dedicaed to the chemistry and physics of the atmosphere: Global Ozone Monitoring by Occultation
of Stars (GOMOS), Michelson Interferometer for Passve Atmospheric Soundng (MIPAS), and SCanning Imaging
Absorption spedroMeter for Atmospheric CHartographY (SCIAMACHY). Formalised through the ENVISAT
Annourcement of Oppatunity (AO) iswued in 1998 an intensive validation campaign of those sensors has been
organised by the ESA Atmospheric Chemistry Validation Team (ACVT) and by the SCIAMACHY Validation and
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Interpretation Group (SCIAVALIG). Propcsed in resporse to this AO, the CINAMON projed (CHaraderisation,
INterpretation, Applicaion and Maturation of Ozone-related ENVISAT products using correlative observations from
the NDSC) aims at (1) the geophysicd validation of key ozone-related level-2 products (Os, NO,, BrO, OCIO, and CIO)
from GOMOS, MIPAS and SCIAMACHY, and (2) the maturation of related level-1-to-2 retrieval algorithms. The
geophysicd usability of the ENVISAT data products and their sensitivity to instrumental and atmospheric effeds, areto
be investigated from the Arctic to the Antarctic, over a variety of geophysicd condtions. The aimed investigations rely
on correlative studies of ENVISAT data with high-quality groundbased and ball oon observations assciated with the
Network for the Detedion of Stratospheric Change (NDSC). This network has proven capabiliti es for investigating the
performance of spaceéborne sensors from pole to pole and onthe longterm [1,2], among others with the GOME, POAM,
SAGE, TOMS, and UARS sensors. The main objedive of the CINAMON projed is to extend this heritage to the three
ENVISAT atmospheric chemistry sensors.

The present report gives an overview of CINAMON-related adiviti es performed during the Commissoning Phase (CP)
of ENVISAT. Reported adivities span from the switch-on of the instruments to the ENVISAT Validation Workshop
held at ESRIN on December 9-13, 2002 Pre-launch adivities have alrealy been reported in the Commissoning Phase
RealinessReport of the projed iswed in June 2002 Sedion 2 presents the status of the correlative database generated
during this period. In Sedion 3, after a brief description of level-2 verificaion adivities, preliminary groundbased
comparisons of SCIAMACHY ozone (O3) and nitrogen dioxide (NO,) columns conclude to afirst quality assssment of
those products. Sedion 4 and Sedion 5 show comparison results obtained with GOMOS and MIPAS ozone profil es,
respedively. Applicaion data processng is aso foreseen in the frame of the projed, as a suppat to validation and
scientific end-users. Such an applicaion is described in Sedion 5 with the global mapping of MIPAS ozone profile
data. The paper concludes with perspedives for the Main Validation Phase, extending from September 2002 through
September 2003 Results obtained by the CINAMON tean have aso contributed to the coordinated papers on
SCIAMACHY ozone and nitrogen dioxide columns [3], and on GOMOS [4] and MIPAS [5] ozone profil es, puldished
elsawherein thisisaue.

2. CORRELATIVE MEASUREMENTS

2.1 General Organisation

A magor task of the CINAMON projed is to organise the colledion of high qudlity, well-controlled correlative
measurements aajuired from pole to poe by several independent sensors asociated with the NDSC. The list of
contributing instruments is detailed in [6,7]. Fig. 1 gives an ideaof the meridian coverage offered by participating total
ozone and nitrogen dioxide sensors. Instrument Investigators affiliated with the NDSC are committed to submit
validated data to the NDSC database for official endarsement and pullic release within two yeas after data acquisition.
For spedal cases when faster data delivery is crucial, arrangements may be organised on a case-by-case basis with
individual instrument investigators to foster timely delivery of preliminary data. The CINAMON projed is based on
this principle. A fast delivery of correlative datafor ENVISAT validation has been arranged throughcoll aboration with
abou two dozen European and non-European ingtitutes, all acknowledged in the present report as Co-authors. For most
of the involved instruments, a delivery within afew hous to a few weeks has been achieved during the Commissoning
Phase. A fast delivery within a month is expeded during the Main Validation Phase. Several stations are anticipated to
cortinue fast delivery of preliminary data in the long term. Althoughthe quality of preliminary data canna be fully
guaranteed, it shodd nat differ significantly from the quality of validated data officialy endarsed by the NDSC. Almost
all contributing sensors have been certified for the NDSC after fruitful participation to major intercomparison campaigns
and adgorithm verificaion exercises organised through the NDSC and/or the EC Environment Programme. Contributing
Dobson and Brewer spedrophdometers have been cdibrated acording to the WMO standards. Moreover, the homogeneity
of colleded datais chedked at |ASB before submitting them to the ENVISAT Cal/Val database establi shed at NILU.

2.2 Vertical column of Ozone and Nitrogen Dioxide

Observations of total ozone and nitrogen dioxide at sunrise and sunset have been coll eded from a network of abou 20
UV-visible DOAS spedrometers measuring zenith-scatered sunlight [8,9]. Due to this measurement geometry, they are
mostly sensitive to the stratospheric contribution to the verticd column. Contributing sensors consist in: (a) scanning
instruments developed by NIWA since the late 197G [10]; (b) SAOZ grating instruments (Systéme d’ Analyse par
Observation Zénithale) developed by CNRS and performing automated network operation sincethe late 198G [11]; and
spedrometers of asimilar design developed at (¢) IASB [12], (d) IFE [13], and (e) NILU [14], respedively. Tota ozone



data at seleded stations have also been provided Dobson [15] and Brewer [16] spedrophdometers. Calibrated onto the
Dobson but extending its capabiliti es towards low solar elevation, multi-channel filter radiometers (GUV [17]) operated
by NILU have provided total ozone data at a few stations in Norway. During NDSC-endarsed intercomparison
campaigns [8,9], the agreament between the various instruments generally falls within the 3% range for total Oz and the
5% to 10% range for total NO,.

2.3  Vertical Distribution of Ozone

Differential absorption lidar, milli metre wave radiometer (MWR) and eledrochemicd ozonesonde constitute the
badbore of the NDSC for the observation of the ozone verticd distribution. Useful references regarding those
instruments can be found on the NDSC web site [2]. Ozonesondes have been launched at a variety of ground stations
from the Arctic to the Antarctic, either as part of their regular adivities or sometimes spedally dedicated to ENVISAT
validation. Ozonesonde data consist in the verticd distribution of ozone partial presaure, converted into ozone number
density, and total presaure and temperature, from the ground up to burst point, typicdly 30 km, with a verticd
resolution of abou 100 m. Lidar soundngs have been performed in the Arctic, in the Alps, and a Reunion Island,
severa times per week under clea skies. They yield ozone number density from 8-15 to 45-50 km with a verticd
resolution of 300m to 3 km depending on the altitude. Milli metre wave radiometers have acquired datain the Arctic, in
the Alps, and in Veneauela. They can operate night and day, providing ozone volume mixing ratios integrated over
typicdly 2 hous from 20-25 to 60 km, with a verticd resolution of 8 to 12 km. Combining those three independent
techniques, comparisons with satellit e ozone profil es can be caried out over the entire verticd range from the ground
up to 70 km. The various measurement times permit the comparison of groundbased and spacebased studies of
feaures such as the diurna variability of mesospheric ozone. If smoathed to the verticd resolution of the satellite
instrument, e.g. using its averaging kernels, profile observations at high verticd resolution (ozonesonde and lidar) can
also be valuable in testing the satellit e retrieval algorithms.

2.4  Additional UV-visible Data Products

A list of UV-visible DOAS spedrometers operating in the zenith-sky geometry have also aauired column
measurements of bromine dioxide (BrO) and, in case of chlorine adivation, chlorine dioxide (OCIO), an indicator of the
BrO-CIO couging. Similar spedrometers operating in the off-axis geometry have also aquired information on
tropaspheric BrO, NO,, Oz, formaldehyde (CH,0), and sulphu dioxide (SO,). The retrieval of those additional UV-
visible prodwcts is ongang. They are expeded to contribute to the validation of SCIAMACHY UV-visible data
products still in the development loopor not delivered yet at present time.

3. SCIAMACHY OZONE AND NITROGEN DIOXIDE COLUMNS

3.1 Verification of Level-1-to-2 Retrieval Algorithms

Before starting quantitative comparisons between SCIAMACHY and correlative data, the CINAMON team at IASB
has contributed to the level-2 verification eff ort coordinated jointly by ESA and the SCIAMACHY Operations Suppat
Team (SOST). Using correlative data as a reference the soundressof conseautive versions of the retrieved products has
been chedked. Further tests have been performed onintermediate parameters such as slant columns and air massfadors.
An important study has addressed the equivaence between Meteo (SCI_RV) and NRT (SCI_NL) prodicts. Sinceonly a
few orbits have been processed with both procesors, a complete study was not feasible. The main outcome is that,
unexpededly, small diff erences exist between the two products. Fortunately, since those diff erences seem to occur only
in the geolocation parameters and have a reduced amplitude — a maximum latitude difference of 0.15°, that is, 16 km —
comparisons caried out with the Meteo and with the NRT products shodd not lead to significantly different
conclusions. More generaly, minor problems and bugs have been reported on the SOST [18] and SCIAVALIG [19]
web sites and summarised elsewhere in thisissue [20]. The projed has also contributed to the preparation of upcoming
verificaion studies for the off- line processor (SCI_OL).

3.2 Data Setsand Comparison Methods

Severa partners of the CINAMON consortium have caried out a quasi-global evaluation of ealy SCIAMACHY total
ozone and nitrogen dioxide data products using preliminary groundbased data colleded within the projed. The
delivery of the Meteo product (SCI_RV) version 3.53 started on September 17, 2002 allowing studies over nealy 2.5



months of those operational data. The limited amourt of information contained in this product — i.e. the ozone column
value and its geolocation — limits the field of comparisons to time-series and column dependence Further studies
require additional parameters (solar zenith angle, line-of-sight etc.) reported in the nea red-time (NRT) product
(SCI_NL), which aso includes the nitrogen dioxide data product. During the ENVISAT commissoning phase, four
SCI_NL data sets were distributed. Unfortunately, ead of thase data sets covers a diff erent time period in 2002and has
been processed with a different version of the nea red-time SCI_NL level-1-to-2 procesor: v3.51in August, v3.52in
ealy September, v3.53 starting from October, and one orbit on August 23 processed with v4.0. Despite the ladk of
simultaneous collocdion between two different versions of SCI_NL products and groundbased data, preliminary
comparisons (not shown here but ill ustrated in [3]) indicate that v3.53 might yield the best agreeament with ground
based data: e.g., typicd results at Northern mid-latitude stations conclude to a mean total 0zone underestimation of the
order of 30% with v3.51, 25% with 3.52, and 6% with 3.53. The available v4.0 data set is too sparse to make any
statement. Therefore, only results obtained with v3.53 are shown heredter. Moreover, the equivaence establi shed
between Meteo and NRT products al ows concentrating the ozone study on the Meteo product (SCI_RV v3.53), which
offersthe longest time-series avail able at present time.

SCIAMACHY data have been seleded for comparison foll owing different criteria, taking into acourt the effedive air
mass probed by the diff erent instruments [1]. The advantage off ered by such physicdly based methods is ill ustrated in
Fig. 2-a for the zenith-sky geometry during Antarctic springtime, when atmospheric variability is significant. For
severa versions of the SCI_NL product, the amourt of avail able coll ocations with groundbased data was sometimes so
small that cruder seledion criteria had to be used. For nitrogen dioxide, a major difficulty arises from the diurnal cycle
of this moleaule. Driven by the diurna variation of solar illumination, this cycle consistsin (i) a sharp deaease of NO,
at surrise resulting from its fast phaolysis when daylight appeas, followed by (ii) its daytime phaochemicd
equili brium with NO and the phaolysis of their night-time reservoir N,Os, (iii) a sharp increase when NO, phaolysis
vanishes as sun sets, and finaly (iv) aslow deaease during night due to the conversion of NO, (NO+NO,) spedes into
the N,Os reservoir. Varying with the solar ill umination regime and with the verticd distribution of NO, spedes and of
temperature, this phatochemicd cycle exhibits marked seasonal and meridian fegures. Modelli ng studies carried out at
IASB in collaboration with U. Leeads indicate that sunrise values aqquired by twili ght instruments (SAOZ/DOAS) might
be reasonably close to the mid-morning values aajuired by SCIAMACHY, within afew 10" moleaule.cm™ There are
two main exceptions: (i) polar springtime, where strong changes of temperature and of NO, partitioning make the
amplitude of the diurnal cycle somewhat large and unpredictable; and (ii) poar day, where the strong NO, diurnal cycle
of about 0.5-1.5 10"° moleaule.cm, driven only by the phatochemicad equili brium between NO and NO,, makes NO,
aternate between a minimum aroundnoonand a maximum under midnight sun conditions. For pdar day conditions, an
adjustment fador has been drawn as a function of the SCIAMACHY solar zenith angle, enabling quantitative
comparisons.

3.3 Total Ozone Comparisons - Antarctic Ozone Hole 2002

From podle to pole, time-series of total ozone values reported by SCIAMACHY and by groundbased instruments have
been looked at quditatively and quantitatively. Qualitatively, short-term fluctuations reported by groundbased sensors
are reproduced similarly by SCIAMACHY, data sets permitting. Other variations such as the seasonal cycle cannat be
studied with the current data sets. Quantitatively, most of the stations from one pdar circle to the other conclude to a
4%-10% genera underestimation of the groundbased vaues by SCIAMACHY. Beyond the pdar circles, the mean
agreament improves to within 5%. Fig. 1-a displays the meridian variation of the mean difference between SCI_RV
v3.53total ozone and groundbased values.

Owing to the particular Southern Hemisphere pdar vortex separation of this yea, the projed has investigated in details
to what extent SCIAMACHY was able to reproduce this unexpeded behaviour. The investigation is based on total
ozone comparisons at five groundbased stations spreal around Antarctica and surroundngs and in the September-
November 2002time frame. The CNRS SAOZ at Kerguelen Island (49°S), a station usually located in the circumpolar
belt charaderised by high ozone values, reported in late September 2002somewhat |ower ozone values (around300DU
instead of 400 DU), the station being close to the vortex edge. Simultaneously, in the Antarctic Peninsula, the Dobson
operated by KTSU/BAS at Vernadsky (65°S), and the BAS SAOZ operated at Rothera (68°S), provided independent
observations of the air massthat separated from the vortex. The CNRS SAOZ at Dumont d'Urville (67°S) in Terre
Adélie, a station usually aternating between in-vortex and out-of-vortex condtions during spring, was foundthis time
in the circumpolar belt where it recorded total ozone values over 400 DU. The high-latitude site of Halley (76°S),
located permanently in the pdar vortex and where the BAS Dobson reports very low ozone values every spring since the
80s, was now on the vortex edge, in the heat of its rupture. Despite the very unusua condtions observed thisyea in
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Fig. 2. Comparison of SCIAMACHY v3.53 with groundbased total ozone at two neighbouing NDSC/Antarctic stations: (a)
with BAS SAOZ data at Rothera (68°S), and (b) with the KTSU/BAS Dobson data at Vernadsky (65°S). Upper panels: time-
series of total ozone observed by SCIAMACHY (two methods of seledion) and the groundbased instrument; lower panels:
time-series of relative differences. Althoughthe average agreement is excdlent, systematic differences of £15% are frequent.
Those diff erences correlate with the ozone column value. The reduction of the scdter gained by a physicdly based seledion
methodis well ill ustrated by the SCIAMACHY/SAOZ comparisonsin (a).

Antarctica, the qualit ative agreement of SCIAMACHY with groundbased data records |ooks excdlent. Short- and mid-
term variability is very well reproduced at al stations. In particular, SCIAMACHY and groundbased sensors give a
view of dynamicd feaures consistent with thase described in the WMO Antarctic Bull etins [21].

Fig. 1-aand Fig. 2 show that the average relative difference does not exceal 5% at Antarctic stations, which might be
considered as excdlent for Antarctic springtime. A closer look at the data suggests that, as expeded from the current
state of the SCI_RV retrieval algorithms, the quantitative agreement is more questionable. A magjor issue consistsin the
strong overestimation of the lowest ozone column values appeaing in Antarctica when the stations are locaed in the
heat of the ozone hole. Thisiswell ill ustrated in Fig. 2 where the diff erence between SCIAMACHY and groundbased
sensors is foundto correlate clealy with the ozone column. The known column dependence between BAS SAOZ and
Dobson data can certainly not acourt for this strong correlation: its effed is significant on the lowest values but is
limited to a few percent at 200 DU. A solar zenith ange dependence is aso discernible at low sun elevation, but the
available data sets are too sparse to give an acarate description of this dependence More generaly, individual
differences of abou 20-30% are frequent and the standard deviation of the differencesis twice as large as that expeded
from natural variability. Althoughcomputing statistics with such a short and variable data record is hazadous, it is
interesting to note that diff erences are lessscatered elsewhere, e.g., at northern middle latitudes where SCIAMACHY
underestimates ground-based values by 6% on the average. This suggests that the large scater of the diff erence might



be linked — at least partly — to the high variability of stratospheric ozone in the studied conditions. Current data sets are
too scarce to determine to what extent this apparent link can be attributed to differences in air masses, nevertheless
contributions from the current SCIAMACHY algorithms have arealy been identified. It aso happens that
SCIAMACHY reports out-of-range values (negative or beyond 600 DU), and too high values at the end of orbits. Such
effeds might be caused by errors associated with high solar zenith angle and with the viewing angle, or simply by bugs,
as drealy pointed out in [20]. Forward and badkward scans of SCIAMACHY rarely differ by more than 1% in total
ozone, which is accetable compared to the level of agreament with groundbased data. The very limited information
contained in the Meteo data fil es does not all ow further studies of passble errors nor of additional moleaules.

In summary, there is evidence that reli able ozone information is present in the SCTAMACHY Meteo product. It may be
used for studies of the SH pdar vortex separation of September 2002, provided that end-of-orbit and aberrant data are
properly filtered out and that studies concentrate on qualitative aspeds of the phenomenon More quantitative studies of
the phenomenon shoud take into acaurt dependences on the ozone column and the solar zenith angle. The excdlent
average agreement during Antarctic springtime shoud nat hide the systematic bias observed outside of pdar aress.

3.4  Total Nitrogen Dioxide Comparisons

The absolute diff erence between SCIAMACHY and groundbased total NO, exhibits a striking meridian structure, as
ill ustrated in Fig. 1-b. From an average 3-13 10" moleaile.cm? underestimation of groundbased values through the
Southern Hemisphere and till the Northern Tropic, the diff erence rises rapidly towards the Northern middle latitudes to
read a maximum of 37 10" moleaule.cm around 50°N. Such large differences, as well as the pronourced meridian
structure, were nat observed with GOME GDP 2.4 data, the version which SCI_NL is suppaed to rely on. In the
Southern Hemisphere, where stations often are charaderised by an unpdluted tropasphere, the agreement between the
GOME and groundbased data records is within a few +10* moleaule.cm™. At several Northern Hemisphere stations,
where clean and pdluted condtions aternate, a bimodal behaviour appeas due to the sensitivity of GOME to
tropaspheric NO,: absolute differences of +5 10™* moleaule.cm™ are typicd of clean condtions, while tropospheric
poll ution events produce an average overestimation of groundbased values ranging from 5 10" in summertime to 25
10" molealle.cm™ during wintertime. The study concludes that diff erences observed between SCIAMACHY and
groundbased total NO, exceed by far the diff erences observed with GOME and do not reproduce the same behaviour.

It has been pointed out that part of the diff erence observed between GOME and SCIAMACHY validation results might
be aswciated to differences in absorption crosssedions. The meridian structure highlighted by our study indicates that
other significant effeds must be taken into acourt. The shape of this structure is symptomatic of nadir air massfadors
(AMF) cdculated with an improper atmospheric profile database relying on 2D modelling results. Such models
propagate unredisticdly high tropospheric NO, values in zones feauring NO, emisson sources. This propagation
produwces underestimated AMFs, lealing to overestimated verticd columns. The meridian structure of
SCIAMACHY /ground differences correlates well with the systematic error introduced by the database used with
GOME GDP 2.0. If this matter of fad is verified, it is recommended to replacethe GDP 2.0 database by that used in
later versions of GOME GDP (2.3 and following). No statement can be made on SCI_NL version 4.0 since preliminary
comparisons, aso depicted on Fig. 1-b, cover only one orbit in a different time period.

4. GOMOSOZONE PROFILES

The correlative data sets colleded through CINAMON have been used to test preliminary GOMOS ozone profil es
procesed and delivered by ACRI (France) on behalf of ESA, using the GOMOS level-1-to-2 prototype. A first
reference data set (v5.0) was provided in September 2002 and, throughou the Commissoning Phase, several upgades
of the prototype generated different versions of GOMOS L2 data. Unfortunately, all data after v5.0 are systematicdly
referenced as v5.3, what prevents from identifying the eff edive algorithm version. The comparisons made in this study
are based on the inhamogeneous v5.3 data set withou any further distinction.

A total of 164 GOMOS ozone profiles have been compared with NDSC groundbased milli metre wave radiometers,
lidars and ozonesondes. Spacetime coincidence criteria between the GOMOS and NDSC soundngs are: (1) at least one
tangent point of the GOMOS profil e within 2000km from the groundstation, and (2) a maximum of 12 hours around
the GOMOS start of measurement. In case of multi ple coincidences, the closest in time is seleded for comparison.
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Fig. 3. Comparison between GOMOS and NDSC ozone profiles in the Alps. (&) Mean (continuows line) and standard
deviation (dashed line) of 12 number density profiles measured at OHP by GOMOS in dark limb and by the CNRS lidar. (b)
Percent relative difference and its standard deviation between the same GOMOS and lidar profiles as in (d). () Same
GOMOS/NDSC differences as in (b), but at Hohenpei3enberg with DWD lidar and at Payerne with MCH ozonesonde and
MWR. (d) Same GOMOS/NDSC differences asin (c), but using GOMOS bright limb data.

Pradicdly, such criteriayield time coincidences with GOMOS night-time data of a few hous for lidar and MWR data
and 4 to 12 hous for ozonesonde data. Due to the limited amourt of avail able GOMOS profiles, more refined criteria
based on the analysis of the properties of the stratospheric field and a closer time window would have reduced the
significance of the comparisons. GOMOS ozone data have been compared to groundbased soundngs in number
density units (10*? moleccm™®), as afunction of the atitude onagrid of 0.5 km, withou any further verticd smoathing.
Verticd smoathing effeds areill ustrated elsewhere in thisisaue[5].

GOMOS profiles have been sorted acording to the limb brightnesswithin the line-of-sight (LOS), that is, bright and
dark limb. Fig. 3(a,b) shows the comparison of 12 night-time ozone profiles measured at the NDSC/Alpine station of
O.H.P. (44°N) by GOMOS in dark limb mode and by the CNRS stratospheric lidar. Except below 15 km where lidar
measurements exhibit increasing error bars but no known bias, the mean agreement fall s within the 10% levdl, that is,
the level reported in the literature for well-proven ozone sounders. Fig. 3(c,d) also ill ustrates the comparison with the
threetypes of NDSC profil ers over the NDSC/Alpine stations at Hohenpeil3enberg (48°N) and Payerne (46°N), for both
bright limb and dark limb condtions. The quality of GOMOS ozone profiles aayuired in bright limb is obviously poar.
On the other hand, GOMOS measurementsin dark limb mode agreewith the threetypes of NDSC souncers within 10%
through the entire 20-40 km altitude range. At dtitudes below 20 km, the discrepancy between GOMOS and
ozonesonce data often exceels 60%. Above 40 km, the difference between GOMOS and MWR data at Payerne
increases systematicdly with the atitude. Part of this difference could be attributed to the increassing MWR null -space
error and a-priori information content above 40 km, which combined to the systematic and random error contributions
make up to a total MWR retrieval error of abou 25 % at 50 km. Besides, GOMOS-related problems canna be ruled
out, espedaly if we consider the better agreement obtained with MIPAS at such dltit udes, as shown in the next sedion.

5. MIPASOZONE PROFILES

At the end of 2002 ESA level-1-to-2 procesor v4.53 started operational generation of MIPAS nea red-time (NL)
level-2 data. The correlative database aajuired throughCINAMON has been used to conduct first correlative studies of
MIPAS ozone profil es. Using the same coincidence criteria as used for GOMOS, the avail able data sets offer a total of
257 MIPAS/NDSC co-located profiles. Ozone profiles from MIPAS have been compared to correlative soundngs in
volume mixing ratio (VMR) unit and on alog-presaure grid, without any further verticd smoathing. Verticd smoaothing
effeds are ill ustrated in [5]. Fig. 4 shows typicd comparison results obtained at the NDSC/Alpine station of Payerne
(46°N) with the MCH ozonesonde and MCH/U. Bern MWR. Between 50 hPa (" 20 km) and 0.4 hPa (" 50 km), the
mean rel ative diff erence between MIPAS and two groundbased instruments fall swithin £10%, with astandard deviation
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Fig. 4. Comparison between MIPAS and correlative ozone profiles at the NDSC/Alpine station of Payerne. () Mean
(continuows line) and standard deviation (dashed line) of 175VMR profilesin log-presaure scde, measured by MIPAS and by
the milli metre wave radiometer (MWR). (b) Percentage relative difference between MIPAS and groundbased (MWR and
ozonesonde) ozone VMR. (c) Same as (b), but on an altitude grid and with 72 MIPAS profiles acquired before November 13,
200212h UT. (d) Same as (c), but with 103MIPAS profil es after November 13, 200212 h UT.

of abou 15%. Aroundthe maximum of ozone VMR, between the 10 hPa (" 30km) to 2 hPa (40km) levels, the mean
agreament is even better. Above and below the 50-0.4 hPa (" 20-50 km) range, MIPAS reports higher VMR values than
thase reported by MWR. MIPAS and ozonesonde data around the tropopause (200-100HPa, or ~ 11-15km) differ
systematicaly by 20-30% with a standard deviation of abou 30%. Those preliminary comparisons conclude to a good
agreament between MIPAS and NDSC ozone profile data throughnealy the entire stratosphere. As with GOMOS, it
remains to be verified whether MIPAS and NDSC sounders report simil ar geophysicd feaures aswell.

A poainting corredion of the MIPAS LOS was implemented on November 13, 2002 12:00 UTC. As aresult, the effedive
tangent point height was shifted towards lower levels by approximately 1-2 km. This corredion impads dramaticdly the
comparisons caried out in dtitude scde. Fig. 4(c,d) compares the relative difference in ozone number density and as a
function of the dtitude, between MIPAS and the groundbased ozone profiles at Payerne before and after implementation
of the pointing corredion. The corredion leals to an obvious improvement of the agreement. It is worth nating that
presaure and temperature profil es are retrieved diredly from the MIPAS radiometric data by the level-2 processor. This
explains why the comparisonsin VMR and log-presaure spacedo not seem to be aff eded by LOS painting errors.

6. GLOBAL MAPPING OF MIPASOZONE DATA

The CINAMON projed also includes applicaion studies of ENVISAT data. NILU-Kjeller has caried out global
mapping of ozone, from pole to pdle, for the period October - November 2002 Alongtradk, level-2 MIPAS ozone data
(Meteo Product MIP_RV) have been interpdated orto potential temperature levels, using MIPAS presaure and temperature
measurements. For mapping purpose, severd days of data have been grouped together, and binned in longitude and latitude.
This simple binning algorithm has been used, as the large amourt of misgng data and orbits prohibited the use of the Salby
synoptic-mapping method Profil es have a so been extraded for comparison with lidar and ozonesonde measurements.

A sequence of maps during the find disappeaance of the southern hemisphere pdar vortex is shown on Fig. 5. A low-0zone
pod of air a high southern latitudes is seen on October 24-27 west of the Greenwich Meridian. The height is 650K or
approximately 25 km. At this dltitude, the highlatitude wintertime subsidence makes the vortex air poa in ozone
compared to extra-vortex air. The ozone chemicd destruction on pdar stratospheric clouds is usually more pronourced
lower down in the atmosphere. Over the following two weeks, the pod of low-ozone air is drifting eastwards and
equator wards, before disappeaing in mid-November. The tempora continuity in the feaure displacanent, and the
consistency with other data, e.g. such as the GOME fast-delivery products (www.knmi.nl/gome_fd), insure that the
MIPA S-based maps represent the acual disappeaance of the large-scde remnant of the ozone-poar polar vortex.
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October 24 to November 15, 2002 Contours by 0.5 ppmv.

7. CONCLUSION AND PERSPECTIVES

In suppat to the ENVISAT validation campaign, the coll edion of correlative observations of ozone-related constituents
aqquired at a variety of NDSC stations, has been organised. A large set of data acqquired during the Commissoning
Phase has been verified, converted and uploaded to the ENVISAT Cal/Va database locaed at NILU. Actual data
aqquisition complies quite well with the planned data acquisition as proposed in the origina projed in April 1998
While a few instruments have been removed from the list, other instruments have been added in such a way that the
scientific output of the validation studies shoud not be affeded. The delivery rate to the ENVISAT Cal/Val database
varies from one station to another, depending onlocd resources, onlogistic isaues, and ontechnicd issues linked to the
fast delivery. Data aqquisition after CP will continue as part of regular NDSC monitoring adiviti es. Data coll ection will
continue during the main validation phase. It is anticipated that data colledion will be organised at typicd stations for
long-term validation studies, acording to the needs reveded by future vali dation results.

Preliminary comparisons of ealy ENVISAT data (SCIAMACHY O; and NO, columns, GOMOS and MIPAS O3
profiles) with correlative data acquired by NDSC sounders have demonstrated the potentia of the studied data products
but they also highlighted some problems. The late delivery of ENVISAT data prodLcts, limited to the second half of the
Northern fall season, has hampered the output of the planned eff ort. Provided that the operational delivery of ENVISAT
gets on, it is anticipated that first geophysicd validation results, that is, conclusions on the geophysicd usability of
ENVISAT data, could be drawn in the seaond part of 2003 Finally, the global mapping of MIPAS ozone data has
demonstrated the qudlitative patential of this ozone profile sensor for Antarctic ozone studies. Extended data sets in
time and spaceare awaited for further studies and the appli cation of the Salby synoptic-mapping method
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