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Monitoring and Assimilation of SCIAMACHY and GOMOS retrigl¢ at ECMWF cECMWF

Abstract

This report discusses the results from the operationadladin and monitoring of level 2 data retrieved
from the atmospheric instruments on board Envisat perfdraieeCMWF during 2008 in support to the
ESA activities. Owing to instrumental problem, the MIPAS/eE2 dissemination was stopped in March
2004.

The NRT TOSOMI TCO produced at KNMI and distributed via theAEfanded PROMOTE consortium
was the only SCIAMACHY product continuously disseminatedidg 2008. These data showed stable
quality during 2008, with global mean differences from threodel equivalent of about 2-3DU.

The dissemination of GOMOS Level 2 profiles continued in 2000& temperature profiles showed a good
level of agreement with the ECMWF temperature first guessaanadlyses, with departures within 1% (2K)
in the stratosphere, and about 3-4% in the mesosphere. TheQMMOS ozone profiles showed a level
of agreement with their model within -10 and +30% in most & #tratosphere (forq40hPa), but larger
in the lower stratosphere and in the mesosphere. The qudlitye GOMOS water vapour profiles was
generally poor at all levels, and latitudinal bands, witlatstspheric values typically from one to four orders
of magnitude larger values than their model equivalent.

In addition to the operational monitoring of the NRT prodyet set of GOMOS data produced using only the
brightest nine stars in the infra-red spectral range at lifatkwere also provided for the period September
to December 2007. This selection criterion guaranteesitifeeht quality for the data. The results of the
monitoring showed that the number of observations is styaregluced (only about 15% of the data fulfilled
the selection criterion) but their quality and level of agreent with the ECMWF model fields were much
improved. This suggests that the data filter implementedérBIUFR converter in May 2007 is not able to
filter out all poor quality data as one would have expected.

1 Introduction

The present report summarises the results from the glohidhtian and monitoring of ENVISAT atmospheric
data products performed at ECMWF under the ESA funded pr&jgs85-CCN-1. These products, usually re-
ferred to as the Meteo products, are retrieved at ESA anthhlaito ECMWF on their ftp servers in near-real
time (NRT) in BUFR format. As far as the ENVISAT atmosphemstruments are concerned, the products
routinely monitored include temperature, ozone and wadagour profiles from MIPAS (MIENLE_2P) and
from GOMOS (GOMRR__2P), as well as total column ozone retrievals from SCIAMACHatir measure-
ments (SCIRV__2P). The current project (contract 21519/08/I-OL, “Tedahisupport for global validation of
Envisat data products”) runs for a period of three years fdamuary 2008 to December 2010, and contin-
ues the work carried out under ESA contracts 14458/00/NI(I&Fhof, 2003, 17585/03/1-OL Dethof 2004

da Costa Bechtold and Deth&@005, and 17585-CCN-10raganj 2006 2009. The present report discusses
the interim results from the monitoring and assimilatioriref ENVISAT L2 atmospheric data products during
the period January to December 2008.

The ECMWF deterministic model is a global spectral modebelefits from a current horizontal resolution
truncation of T799, which corresponds to about 25 km griccegg and 91 vertical levels with the model top
at 0.01 hPa (corresponding to an altitude of about 80 km).ribéel uses a four-dimensional variational (4D-
Var) schemeRabier et al.2000 to assimilate observations at 6- and 12-hourly time winslohkhe ECMWF
assimilation system has two main 6-hour 4D-Var (earlyv@eli) analysis and forecast cycles for 00 and 12
UTC and two 12-hour 4D-Var analysis and first-guess forecgskes. The 0000 UTC analysis of the 12-
hour 4D-Var analysis uses observations in the time windo@121900 UTC, while the 1200 UTC analysis
uses observations in the time window 0901-2100 UTC. Thea&/sas are run with a delayed-cut-off time
of 14 hours (with respect to the nominal analysis times),rifento use the maximum possible number of
observations. The 6-hour 4D-Var analyses have a shortesfctime (4 hours) and the analysis observation
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windows are 2101-0300 UTC for the 00 UTC analysis and 09@I315TC for the 12 UTC analysis. All the
observation monitoring, ENVISAT data monitoring inclugésidone in the delayed-cut-off analys&ethof,
2004 and Haseler2004).

Because ozone is fully integrated into the ECMWF forecastiehand analysis systenbéthof and HOIm
2003 as an additional three-dimensional model and analysisibla; the ECMWF model can be used to
monitor ozone retrievals from the ENVISAT instruments irdiéidn to temperature and water vapour. The
forecast model includes a simple ozone parameterizatibithvis an updated version of tizariolle and Déqué
(1986 scheme (hereafter CD86). Compared with CD86, the ECMWm®zmarameterization includes an
additional term which parameterizes the depletion of oZortiee polar regions by heterogeneous reactions. At
present, ozone is included uni-variately in the ECMWF dakinailation system. This means that there are no
ozone increments from the analysis of the dynamical field=, ¢hough the assimilation of ozone observations
will modify the wind field in 4D-Var through the adjoint calations. The univariate treatment was chosen to
minimize the effect of ozone on the rest of the analysis gystéor the same reason, the model’s ozone field
is not used in the radiation scheme, where an ozone clinggtdféortuin and LangematA.995 is preferred
instead.

As far as the ozone model bias is concerned, the ECMWF matieh&restimates TCO at high latitudes espe-
cially during the spring season (ozone hole) and underagtnt in the tropics. There are also some problems
with the vertical ozone structure in particular at hightlades in the winter hemispher®€thof and Holm
2009.

During the period January to December 2008, the ECMWF opai@tmodel system was upgraded twice to
model cycle CY33R1 on 3 June, and to model cycle CY33R2 on dteSwer, respectively. In cycle CY33rl,

an improved parameterization of the moist physics andoadrtiiffusion were implemented in 4D-Var. We also
acknowledge the active assimilation of OMI total columnmeoand AMSR-E and TMI rainy radiances. In

cycle CY33R2, new VARBC bias predictors were used for cdimgdnfrared shortwave channels affetcted by
solar effects.

As far as the ozone assimilation is concerned, NRT ozonievats from the SBUV/2 (Solar Backscatter Ultra
Violet) instrument on the NOAA-16 satellite have been adlsiied in the operational ECMWF system since
April 2002, and those from NOAA-17 and NOAA-18 satelliteace# 6 November 2007. The SBUV/2 data
are produced by NOAA and available from NESBIShey are given as 20 ozone layers and then combined
at ECMWEF into 6 fixed ozone layers (0.1-1 hPa, 1-2 hPa, 2-4 #BahPa, 8-16 hPa and 16 hPa-surface) to
reduce the observation error correlation. Owing to insental problems, the active assimilation of NOAA-16
SBUV/2 was switched off on 21 October 2008. Apart from the $BJozone retrievals, NRT SCIAMACHY
ozone columns produced by KNR/and distributed via the ESA's funded PROMOTE-2 consortitavehalso
been actively assimilated in the ECMWF system since 28 &dme 2004. The active assimilation of this
product was switched off on 19 December 2008 when an insmmuidexontamination period started which was
anticipated by KNMI to result in a bias in the ozone total eofuproduct. Starting from June 2008, NRT
OMI total column ozone data were also actively assimila®@BUV/2 and KNMI SCIAMACHY data are not
used at solar zenith angles greater thah, &hd OMI data are not used at solar zenith angles greater than
80°. Variational quality control and first-guess checks areiedrout for all assimilated data. Temperature
retrievals are not assimilated at all in the system, althdbés field is strongly constrained by the assimilation
of radiances. The radiance assimilation does not inclug@similation of the ozone band in the infrared.

This report presents the results from the monitoring of N&&ltcolumn ozone (TCO) retrieved from SCIA-

1seeht t p: // orbit-net. nesdis. noaa. gov/ crad/ sit/ozone/ for more information.
2Seeeitheht t p: / / www. t emi s. nl / product s/ o3total . ht m orhttp://ww. gse- pronot e. or g/ for further in-
formation.
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MACHY measurements, as well as NRT ozone, water vapour anpdeature profiles retrieved from GOMOS
observations. Owing to instrumental problems, NRT MIPASdI retrievals have not been available since 27
March 2004, and so this report does not discuss the morgtafitMIPAS products. This report is structured
in the following way. Section 2 gives an indication of the &pgationability” of ESA and KNMI products dur-
ing 2008. Section 3 summarizes the results of the monitamyassimilation of SCIAMACHY total column
ozone retrievals, section 4 shows results of the monita@inGOMOS data. Conclusions are provided in the
last section.

2 Operationability of ESA and KNMI products during 2008

This section provides an indication of the operationabibt both ESA and KNMI product at ECMWF during
2008, in the same way it was producedbragani(2008).

To assess the operationability of these products then, we ¢@mpared the data volume received within the
analysis cut-off times with the total amount of data recgivés anticipated above, ECMWF has two main
6-hour 4D-Var analysis and forecast cycles for 00 and 12 UrEte(red to as early-delivery) and two 12-

hour 4D-Var analysis and first-guess forecast cycles (edeo as delayed-cut-off). The passive monitoring is
performed with a delayed cut-off configuration, while théadactively assimilated - depending on their timely
availability - are used in both the delayed-cut-off andeddlivery suites.

In the delayed-cut-off, the 00 UTC analysis makes use ohelbbservations available in the Report Data Base
(RDB) within the assimilation window between 2101 and 09000J These data are extracted in two phases.
Data between 2101 and 0300 UTC are extracted from RDB at 1345, While data between 0301 and 0900
UTC are extracted from RDB at 1400 UTC. The 12 UTC analysisenalses of all the observations available
in RDB within the assimilation window between 0901 and 21000JData between 0901 and 1500 UTC are
extracted from RDB at 0145 UTC; while data between 1501 afi 21TC are extracted from RDB at 0200
UTC (Haseler2004).

The early delivery analyses make use of only six-hour olasenv windows. The 00 UTC analyses are obtained
by assimilating all data within the assimilation windowwween 2101 and 0300 UTC that are available in RDB
by 0400 UTC. The 12 UTC analyses are obtained by assimilatihdata within the assimilation window
between 0901 and 1500 UTC that are available in RDB by 1600.ATIGhe observations that fall into a given
observation window but are not available in the RDB by théyedelivery cut-off times can still be used in the
delayed-cut-off analyses. We also note that the informdtiom the data that cannot be actively assimilated in
the early delivery system (but arrive in time for the delagettoff) still indirectly affects the (early delivery)
analyses as the first guess used in the assimilation arertfestibur forecasts from the delayed-cut-off.

Figure 1 shows the data volume received by ECMWF within the analyslayed-cut-off times given above
relative to the total amount of data downloaded. Values 624 @orrespond to the total amount of data received
within the analysis cut-off times. In contrast, 0% valuesamhat either there was an instrument unavailability
or the total data volume was received after the cut-off timeshould be noted that because the information
on the uploading times is only available on the remote (ESAKNMI) servers for a short period (up to one
week), it is not possible to cross-compare the uploadingdmwhloading times for long periods. Therefore,
delays in the data acquisition (values that are less tha#olif@lot 1) could be related either to delays in the
data processing, or to server access problems.

Table 1 gives the annual mean percentage of data volume receivaohénfor the delayed-cut-off analyses
during 2008, and the corresponding values for 2006 and 28@nual plots for the operationability of ESA
and KNMI products during 2006 and 2007 were presentddragani(2008).
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Figure 1: Time series of the daily data volume received in time for #laykd-cut-off relative to the total daily data volume iigee.
The top panel refers to the TOSOMI total column ozone, thimopanel refers to GOMOS data during 2008. Values are in %.

Year | GOMOS | TOSOMI |

2006 | 96.1% 89.0%
2007 || 94.7% 83.1%
2008 | 96.4% 80.7%

Table 1: Annual mean of the data volume received by ECMWHwtttle delayed cut-off times relative to the total amount
of data delivered. Periods of total data unavailability ¢sLas during instrument unavailability) were not includedtie

annual mean.
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The best timeliness was found to be that of GOMOS productsb, twvé 2008 value being the highest in the last
three years. In contrast, the timeliness of the TOSOMI pecotias been degrading over the last three years
from about 89% in 2006 to just over 80% in 2008.

3 Monitoring and assimilation of SCIAMACHY NRT total column ozone re-
trievals

SCIAMACHY (Burrows et al. 1988 measures sunlight transmitted, reflected and scattergeblgarth’s at-
mosphere or surface in the ultraviolet, visible and neaanefd wavelength region (240-2380 nm) at moderate
spectral resolution (0.2 nm - 1.5 nm). SCIAMACHY provideslghl measurements of various trace gases
including ozone in the troposphere and stratosphere, dsaw@iformation about aerosols and clouds. SCIA-
MACHY measurements are performed in three viewing modeslir,niimb and occultation. Depending on
the type of measurement mode, global coverage is achiewbth\@i to 6 days, e.g. nadir measurements yield
global coverage in about 6 days.

NRT total column ozone retrievals from the nadir measurdmienthe UV/VIS (SCIRV__2P) were produced
operationally by ESA until 8 May 2006. These retrievals wexanitored passivefyat ECMWF in the opera-
tional suite from February 2003 until the disseminationhaf Level 2 products was stopped. The latest results
from the monitoring of ESA SCIAMACHY TCO for the period 1 Jary to 8 May 2006 were discussed by
Dragani(2006).

In addition to the NRT ESA TCO, ECMWF has also been receivifg)TNotal column ozone data retrieved
by KNMI from the nadir measurements in the UV/VIS spectralga and distributed via the ESA funded
PROMOTE 2 consortium (the so-called TOSOMI product) sincard¥i 2004. This product differs from the
operational ESA one as the retrieval procedure makes us$e@zone Monitoring Instrument (OMI) Differ-
ential Optical Absorption Spectroscopy (DOAS) algorithviedfkind and de Hagr2002), instead of a GOME
Data Processor-like algorithm.

Owing to the unavailability of the NRT ESA SCIAMACHY TCO r&wals, it was agreed that the TOSOMI
product should be regarded as the operational ESA Leveb? ¢otumn ozone retrieval from SCIAMACHY

(Minutes of the ENVISAT progress meeting held at ECMWF on @&wvber 2006). A summary of the moni-
toring and assimilation of TOSOMI total column ozone for 80¢ provided in sectio.1

3.1 Monitoring and assimilation of NRT TOSOMI SCIAMACHY 0zo ne column retrievals
produced by KNMI

NRT total column ozone retrieved from SCIAMACHY measureisest KNMI (the TOSOMI product) was
passively monitored at ECMWF from March 2004 to 27 Septen20&¢. Based on the positive impact that
these data could make on the ECMWF ozone analyses, espégcitiie Antarctic polar vortex regiorbDethof,
2004, this product has been actively assimilated since 28 &dme 2004, when the model was updated to
cycle CY28R3.

SCIAMACHY nadir measurements have a typical horizontab#son of 30 km (along track) x 60 km (across
track). In the ECMWF assimilation system, the KNMI SCIAMAGH etrievals are pre-thinned to a horizontal
resolution of Ix 1° before the assimilation.

3 Data go into the system, statistics are calculated e.gistitat analyses of the differences between the model'sdiiess or
analysed fields and the observations, the so-called depsrtwit the data is not assimilated into the ECMWF model.
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The TOSOMI data dissemination continued during 2008 withoajor disruptions. The quality of the TO-
SOMI retrievals was generally stable during all 2008, andsigient with that reported in the past few years
(e.g.Draganj 2008.

Figure2 presents the timeseries of globally averaged NRT TOSOMheziata, its averaged departures, stan-
dard deviations, and nhumber of data actively assimilatet meispect to the number of available observations
for the periods January to June (l.h.s. panels), and Julete®ber (r.h.s. panels), respectively. The timeseries
in figure 2 show a generally stable behaviour of the data during the evpear. The first-guess and analysis
departures (blue and red lines in the mid panels) were w#linvi-5DU during 2008. A few episodes charac-
terized by larger first-guess and analysis departures wegistered during the year. These large differences are
generally associated to episodes of large ozone variaitiotie data (only partly captured by the first guess)
associated with smaller than average standard deviati@hen these situations occur, the 4D-Var assimilation
scheme is likely to give a large weight to the observationswban lead to large changes in the analyses. Two
examples are the episodes on 14 and 20 April 2008. On 19 Dexe2b8 following KNMI advice, the active
assimilation of TOSOMI data was temporarily turned off as 8CIAMACHY instrument underwent a period
of decontamination which could have resulted in a bias irtdked column ozone product.

As also reported bypragani(2008), the standard deviation of the observations (green linghénthird row
panels from the top) during the second half of the year shéglstly smaller mean values, as well as a smaller
variability than that seen during the first six months. Alse standard deviations of the first-guess and analysis
departures (blue and red lines in the third row panels fraartdlp respectively) are slightly smaller than those
during the first part of 2008, especially between Januaryfgrd. In the latter case, the reduction, although
apparently small (typically 1 to 2 DU smaller), still repeass about 10-20% of the annualy mean value.

The generally good behaviour of the TOSOMI data can also ée Bethe timeseries of the zonal mean first
guess departures shown in figil.eOn average the first-guess departures (top panel in fR)uaee only a few
Dobson Unit at most latitudes. However, a lower level of agrent between the model and the observations
near the end of the orbits is observed especially in the wirgmisphere, and it is more pronounced in the NH
than in the SH.

This reflects in the observation standard deviations (boftanel in figure3) which exhibit higher values than
average near the end of the orbits in the winter hemisphegee,the observation standard deviation can reach
values of 50 to 70 DU. In the tropics the observation standaxiation exhibits smaller values, typically around
10DU* or less.

Comparisons with independent data also show the high gualithese observations. Figudle in particular,
shows the comparison between the time series of the zonal B@BAMACHY total column ozone (top panel)
and of the zonal mean OMI total column ozone (bottom panel}fe whole 2008. The OMI data used in
the comparisons are the NRT total column ozone distributetIASA. On average, figurd shows a good
level of agreement between SCIAMACHY and OMI total columomg. Some differences can be found in the
tropics, where SCIAMACHY usually exhibits lower valuesth@aMI throughout the year, and at high latitudes
where the OMI ozone values are lower than those for SCIAMACIH$hould be noted that sensors like OMI
and SCIAMACHY® are prone to provide less precise measurements near thd thedarbits, as noted in the
bottom panel of figur@®, and therefore the large differences at these latitudagidte of a less concern.

Also the monthly mean geographical distributions of the T®8 TCO show a good level of agreement with
OMI TCO. An example is shown in figurefor October 2008. Top and middle panels show the geographica
distribution of OMI and TOSOMI, respectively. Bottom parsblows their difference. Figurgconfirms that
the large differences between OMI and TOSOMI can be foundthezend of the orbits. In the tropical region,

4This is consistent with what was found in the 2006 and 200dissuDraganj 2006 2008).
5The SCIAMACHY data used are those produced from the nadisoreanents only.
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Figure 2: Timeseries of globally averaged data covering the periodariuary to 30 June (left panel), and 1 July to 31 December
2008 (right panel). The top panels of each figure show TOSAMABIACHY NRT total ozone observations, first-guess andyarsal
values, the middle panels first-guess and analysis deprtand the bottom panels the standard deviations of SCIAMA&H of
first-guess and analysis departures. All ozone values adUn

TOSOMI total column ozone values are up to 20DU lower thasehaf OMI.

Also comparisons between the TOSOMI data and MetOp-A GOMEQ provided in NRT by EUMETSAT
were performed. Figuré shows the geographical distribution of the monthly mean Tdifterence between
GOME-2 and SCIAMACHY valid for October 2008. As in the comigans with OMI, the largest differences
can be found at high latitudes near the orbit ends. Partiguteoticeable are the large differences at high
latitudes in the SH, as well as their patterns, also visibliaé bottom panel of figurg This is likely to be due

to the different data sampling and pixel size of the instmimeonsidered in the comparisons. In addition, it is
worthwhile to remember that the SCIAMACHY orbits are a cosipmof nadir and limb swaths, and that only
the nadir measurements are used to retrieve the total cadaome used at ECMWF. Also uncorrected biases in
the data, e.g. due to scan angle dependence, could leadtdiffecences. In the tropical band, the differences
between TOSOMI and GOME-2 TCO are within 10 and 20 DU, as irctmaparisons with OMI TCO.

3.2 Summary of the NRT SCIAMACHY monitoring and assimilation

During 2008, only the NRT SCIAMACHY ozone columns producgdkiNMI (TOSOMI) were available. The
quality of these data was found stable and consistent wéthréported in the last few years e.g. Dyagani
(2008. The monitoring statistics show a good level of agreememiveen the SCIAMACHY TCO and the
ECMWEF TCO bhoth in the global mean and area average. In platjdhe global mean first-guess and analysis

ESA contract 21519/08/I-OL report 7
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Figure 3: Time series of the zonal mean NRT SCIAMACHY first-guesstdega(top panel) and of the zonal mean NRT SCIAMACHY
standard deviation (bottom panel) during 2008. All ozonkiga are in DU.

departures for NRT SCIAMACHY TCO were found to be well withitd DU.

The generally good quality of the SCIAMACHY TCO was also congéd by comparisons with independent
total column ozone observations retrieved from the OMI af@ME-2 measurements. Results from these
comparisons showed that the regions characterized byripestadifferences in TCO between OMI and SCIA-
MACHY were at high latitudes near the end of the orbits.

4 Monitoring of GOMOS data

GOMOS makes use of the occultation measurement principligaoking stars as they set behind the atmo-
sphere. GOMOS has an ultraviolet-visible and a near-iaffapectrometer, covering the wavelength region
between 250 and 950 nm. It allows the retrieval of atmosphesice gas profiles in the altitude range 100-
15 km, with an altitude resolution better than 1.7 km. GOM®@&g day- and night-time measurements with
about 600 profiles per day. The primary GOMOS target spec&e®aNO,, NO;, OCIO, H,0 and temperature
(fixed to the ECMWF temperature forecasts in v5.00).

A subset of these retrieved products that is available in KRDM_RR__2P) is routinely and passively moni-
tored at ECMWF. This subset includes temperature, wateswagnd ozone profiles.

The data availability was generally continuous during tiel 2008. During the period from 4 to 23 June, the
monitoring of the temperature could not be performed bexafisechnical problems that arose after the cycle
CY33R1 was switched on (4 June 2008). These technical prsbtiid not affect the monitoring of neither

the ozone nor the water vapour products. Fighighows the time series of the global number of GOMOS
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temperature observations (top) and of the zonal mean GOM@PBdrature (bottom) during 2008, respectively.
In particular, the bottom panel of figuileshows that a large number of observations were discardda iNH
during 2008, as result of the data filtering implemented @BRWFR convertérin May 2007 Draganj 2009.

4.1 Monitoring of GOMOS temperature data

The quality of the temperature profiles in the BUFR files wablst during 2008, and consistent with the
temperature data retrieved in 20@’réganj 2008).

With the implementation of IFP 5.0 on August 2006, the GOM@&@&erature was no longer retrieved. The
information provided in the BUFR files was instead derivedh&s"Tangent Point Temperature from External
Model” stored in the GAD. This means that ttemperature profiles obtained by the combination of the
ECMWEF 24 hour temperature forecast in the lower part of thefifg up to 1 hP4 and of the MSIS90 data in
the upper part of the profile (smooth transition altitude gararound the pressure level LThR&SA, 2007).

Figures8 and 9 show the comparisons between area averaged GOMOS and ECEMferature profiles
(left panel) and GOMOS temperature departures (right pdoelthe periods 1 April to 30 June (AMJ) and
1 September to 30 November 2008 (SON), respectively. In figthes, the top panels refer to the tropics

6The data sampled in bright, twilight or straylight limb cdtishs are discarded as they are of
poor quality and not suited for scientific studies. See the MBS quality disclaimer available at
http://envisat.esa.int/dataproducts/avail ability/disclainers/ and Meijeretal. (20049 for more in-
formation.

"The ECMWF forecasts and analyses were only available up Ral h
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(30°N-30°S), the middle panels refer to the midlatitudes in the SH-@D S), and the bottom panels refer to
the high latitudes in the SH (86®0°S).

Both figures8 and9 show that, in general, the temperature profiles in the BUFR &ite lower than their model
equivalent. In particular, the first guess and analysis idegs were typically up to about -1% (-2 K) in all the
stratosphere in the tropics, and withirl% at the other latitudinal bands in the stratosphere. ldigt guess
and analysis departures were found in the mesosphere, sperature profiles were relaxed to the MSIS90
data, with differences up to about -4% (-8K) between 0.2 adtiPa.

The timeseries of the global mean temperature data anddapartures also confirm the level of agreement
discussed above between the temperature data in the GOM©Q &l the ECMWF temperature analyses. An
example that refers to the 20 hPa pressure level is displayfeglre 10.

4.2 Monitoring of GOMOS ozone data

This section discusses the results from the monitoring@NRT GOMOS Level 2 ozone profiles in 2008.

Figure 11 presents the comparisons between the global mean GOMO® quofiles and the global mean
ECMWF ozone first-guess and analysis, averaged over theevt@fl8. In the global mean, the agreement
between the GOMOS ozone observations and their model denivia better than the GOMOS one standard
deviation limit at all vertical levels. The GOMOS ozone \eduare usually smaller than their model equivalent
in the middle stratosphere (typically between 4 and 20h&agl, larger elsewhere. The global mean first-
guess and analysis departures are within -5 and +20% in mti atratosphere (for pressure values smaller
than 40hPa) and mesosphere, but larger departures were ifotime lower stratosphere (for pressure values
larger than 40hPa), and in the mesosphere between 0.1 amélad.Zhe standard deviations of the departures
were found to be larger than 15% in the lower stratospherdaagdr than 50% in the upper stratosphere and
mesosphere.

Figure 12 shows the 2008 global mean time series of the observatiahshair model equivalent (top panel),
of the first-guess and analysis departures (middle pamal)pftheir standard deviations (bottom panel) for the
vertical layer between 20 and 40 hPa, which correspondshipug the layer where ozone peaks. From the
time series in figurd2, GOMOS observations exhibit higher ozone values than thel\BE ozone analyses,
with mean differences in that layer within 4 to 16 DU duringd80 Large standard deviations up to 20 DU
were found in the data, corresponding to just below 25% oftiial mean ozone value in this layer.

When averaging over latitudinal bands, the level of agregmust discussed is usually confirmed. Figui@s
and14 show the area averaged GOMOS ozone profiles (left hand sitEg)aand GOMOS departures (right
hand side panels) for three latitudinal bands and averagertioe period April to June (AMJ), and September
to November 2008 (SON), respectively. In both figures, theganels refer to the tropics (39-30°S), the
middle panels refer to the midlatitudes in the SH(B0°S), and the bottom panels refer to the high latitudes in
the SH (60-90°S). Because of the filter implemented to remove poor quadéita,dhe number of observations
retained in the extratropics in the NH, if present at all, eviero low to be statistically significant.

10 ESA contract 21519/08/I-OL report
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Figure 5: Geographical distribution of monthly mean OMI TCO (top),ntity mean SCIAMACHY TCO (middle), and their difference
(bottom) for October 2008. Values are in DU.

ESA contract 21519/08/I-OL report 11



CCECMWF

Monitoring and Assimilation of SCIAMACHY and GOMOS retrial¢ at ECMWF

150°W

Min:

120°W

-88.220

90°W

Max: 99.140

Mean:

2.7010

90°E

120°E

150°E

60°N

3<;~

150°wW

120°W

120°E

150°E

Figure 6: Geographical distribution of monthly mean difference ew GOME-2 TCO and SCIAMACHY TCO for October 2008.

Values are in DU.

n_displayed-=---- n_al o n_active -~ n_used n_not_active
S -
o 50
Q
S
>
Z -
et 1 i ik
-i Lt ; 8 I bk, Rl £ o
Psp o & T 7] o1
_q HE i . Ao dih s \ TR IR b o g I 2 Al
b’%é Bildia Lo o -ﬁ?_%jﬁ: i LN %%- :%g‘%%ﬁ' i ey
0- TR T i AT B Pl
917252101826 5 132129 6 142230 8 1624 1 9 1725 3 111927 4 122028 5 132129 7 152331 8 1624 2 1018
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
901 90 1000
80 -8
E + 300
70: :7 292
60: H "IIIIIIHII :6 284
50 | HII‘ [ Ll " l”'" IIHIIIII’ L 5
] p I N 276
404 [ IH-\IIII\P " -4
7 T T B
30: m ’I ‘\‘H:III:::"H” w LLTELT T Y " FE‘-. M JIJ I‘ II::IH\ mF: 3C 268
q) 20 :nllm " L "I II\IIIIII\ - I“ f-IIIII I\HII‘ m '-l- ‘III\I‘ ! '-.:#: ZC 260
c 10 1 HHI“HIH“"‘H \IH’ I II I!ﬂ L- ‘"“‘J\ \IIH"Im lIIIHI. .|I ' | ! \:I' 1C 252
g O: HJIIHII . w HI\IIIH II.J“FE Fl | | | :0 244
E _10 :Ili m ““"I l.mllll M linm \I\‘ ‘I I“l | I I ! II‘F’\I 1] ‘\ | I :_l| 236
_I ] Il I\ I " II\I”Im | ! II‘ g .F l.lllul ‘H\I ‘ e :II‘ ' ‘ ,‘I nr
-20: ih‘ IIII lll III ' I ‘f L} \I H‘ I I\m ‘III I\‘”I“ﬂ-drl .FI‘ I} ! I\ \ ‘ i ‘HH i 1] 1 “h ‘m:-z' 228
'30 _‘ | ! ’ -‘ I\IIIHII”II ‘F Iﬂll I\I‘IIIF ” H\I\I‘I .l J | -F H \I\I\ ’ I\III“"H“” Fll’ Il '+ ‘3' 220
T II\ 1 L - m I~
_40: TL.I ﬂFJ Hlp\l\ I"I " .IIIIII ”‘ "l \VW‘ I q\ lFﬂJ‘:_4 212
f L LI ] L F i |
'50 T 1 HW I‘ IHI“‘H n 1 » “’I \,Ih . A II\I HII‘H B ‘5 204
_60: | \M ’\HIHIIH J.IIIFI‘ I\I’Ji I.J J“J\il JHIH :_6
- : F 196
'70_ :l\:”‘ iHH” -FII-‘ ! ! Il \F Wmhl: FII F-Jl-. "7
| 1 H’ " | IHII ‘”lﬂ -“ B 188
-80 miro -8
'90- rrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrr T rrrrrrrrrrrrrrrTrororT -'90 180
1611@P@15102@51 611@P@1510 223051020804 91424294 9142293 813Q282 7142272 7122271 6112 P61 61161 31

JAN FEB MAR

APR

MAY

JUN

JuL AUG

SEP

ocT

NOV DEC

Figure 7: Time series of the global number of GOMOS temperature ohens (top panel) and of the zonal mean number of GOMOS
temperature observations (bottom panel) during 2008.

12

ESA contract 21519/08/I-OL report



Monitoring and Assimilation of SCIAMACHY and GOMOS retrigl¢ at ECMWF cECMWF

— OBS — FG —— ANA ; y T (OBS-FG)IFG (0B ANAVANA e SHOBS ANJANA
01 S RS o e
0.24 F 0.2 F
034 F 0.3 F
0.44 F 0.4- L
0.6 E 0.6 E
0.8 £ 0.84 s

< ! o ! r

o o

< L < o L

£ 3 S 3 r

o 4 Foo 4 r

2 7l L 2 7 L

a 6 £ 8 67 L
87 E 83 E

[%] | C [%] | C

B 10 B 10

et et

Q- 5 b0 5 3
30- F 30- F
40+ r 40 3
60 E 60 E
807 £ 807 s
1007 F 1009 F
200 200

180 180 200 2l0 220 230 240 250 260 270 280 250 300 8 7 6 5 4 3 24 123 25 6 7

Temperature in [ K] [%]

— O0BS — FG — ANA BS+STOV BSSTD (OBS-FG)IFG (OBSANAVANA <+ ({085, FG)FG wens OB ANIANA
01 S RS e L
0.24 F 0.2 F
0.34 F 0.3 F
0.44 F 0.4- F
0.6 E 0.6 E
0.89 E 0.89 E

< 1 o M r

o o

< L < o L

£ 3 S 3 r

L 4 t O 4 L

2 [ 2" [

a 6 £ 8 67 L
87 E 83 E

[%] | C [%] | C

B 10 B 10

e et

Q- 5 b0 5 3
30- F 30- F
40+ r 40 3
60 E 60- E
807 £ 807 s
1007 F 1009 F
200 200

180 180 200 2l0 220 230 240 250 260 270 280 250 300 8 7 6 5 4 3 24 123 25 6 7

Temperature in [ K] [%]

—— OBS —— FG —— ANA B O\ of TD! (OBS-FG)IFG (OBS-ANAYANA sesssenenen SV(OBS-ANYANA
01 SR SR o P
0.2 L 0.24
0.3 8 0.3 F
0.4 r 0.44 r
0.6 C 0.6 L
0.83 E 0.8 E

o ! o ! r

o o

£ 24 b £ 2 L

£ 3 S 3 F

O 4 F @ 4 L

2 [ " [

7 61 £ a 63 L
87 E 83 E

9 101 E ? 107 E

& 10 B 10

jd et

O 5 b0 F
30- F 30- F
40- F 40- F
60 E 60 E
807 E 807 E
1007 F 100 F
200 T Uy B e B! 2001717 S

180 190 200 2i0 220 230 240 250 260 270 280 260 300 8 7 65 4 3 210 1 2 3 4 5 6 17
Temperature in [ K] [%]
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In both periods, the agreement between the GOMOS ozonewvaliseis and their model equivalent is better
than the GOMOS one standard deviation at all vertical leasld available latitudinal bands. The largest
differences are found in the lower stratosphere, typicdlypressure values larger than 40 hPa, and in the
upper mesosphere where the first-guess and analysis degactn be larger than 50% in places. Also the
first-guess and analysis departure standard deviationgeaydarge with values larger than 50% in places, an
indication of large noise in the ozone retrievals. During fieriod SON, some improvements were seen in the
tropics (top panels of figur&4) in the upper stratosphere and at mesospheric levels cechpath the same
latitudinal band during AMJ (top panels of figut8).

—— OBS — FG —— ANA — OBS —— —— ANA

. Awmmmﬂmﬂ%mhﬁﬁi&mwm?wu 1% WM WWWMWW

5 91317212529 2 61014182226 1 5 9 1317212529 z 6 101418222630 A 8 1216202428 1 5 9131721 29 A s 1216202428 1 5 91317212529 2 5 101418222630 4 8 1216202428 1 5 91317212529 3 7 11151923 31
AN M,

OBS-FG

OBS-, AN

OBS FG

M MWMWWWMWMMM “1 %n MWWMI W’h NWMMMM
i1 :

5 91317212529 2 6 1014182226 1 5 91317212529 Z 6 101418222630 4 8 1216202428 1 5 9131721 29 4 B 1216202428 1 5 9 1317212529 2 6 101418222630 4 8 1216202428 1 5 91317212529 3 7 11151923 31

OBS- AN

o
&

[DU]
[DU]

JA

stdv(OBS FG)

stdv(OBS-, AN

stdv(OBS)

stdv(OBS FG)

e

5 91317212529 2 61014182226 1 5 91317212529 2 6 101418222630 4 8 1216202428 1 5 9131721 29 4 812162024281 5 91317212529 2 6 101418222630 4 81216202428 1 5 9 13172125293 711151923 31
JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC

sldv OBS-, AN)

stdv OBS)

Hoe
5 &

[DU]

(@) (b)

Figure 12: Timeseries of globally averaged data covering the peria)id January to 30 June, and (b) 1 July to 31 December 2008 at
20-40 hPa. The top panels of each figure show GOMOS NRT padiamn ozone, first-guess and analysis values, the middielpa
first-guess and analysis departures and the bottom panelstédmdard deviations of GOMOS ozone data and of first-guesaialysis
departures. All ozone values are in DU.

The presence of large noise in the data is also illustratethéyscatter plots of GOMOS ozone data and its
first-guess departures for the layer 20-40 hPa (figime Figurel5(a)refers to the period from 1 to 30 April
2008, while figurel5(b)refers to the period from 1 to 31 October 2008. The panels efefhshow the scatter
plots of the observations versus latitude, those on the sigbw the scatter plots of the first-guess departures
versus latitude. The relatively large scatter in the olet@ns against the latitudes leads to a large scatter in the
first-guess departures as well, with variability within -&0d +40 DU in both cases. A few outliers were also
seen in the scatter plots.
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Figure 13: Like in figure8, but for ozone. Ozone values are in DU, departures are in %.
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Figure 14: Like in figure13, but the averaging period is between 1 September and 30 Nmre2008.
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Figure 15: Scatter plots of NRT GOMOS ozone (left) and of NRT GOMOS dishguess departures (right) in the layer 20-40
hPa plotted against latitude, for the periods April 2008 ifpés [a]) and October 2008 (panels [b]). The colours give thember of
observations per bin, and the black dots the mean per binrozlhe values are in DU.

4.3 Monitoring of GOMOS water vapour data

The NRT GOMOS data were available in the GARR__2P BUFR files for the whole 2008. However, the
quality of the water vapour data was poor.

Figure16 shows two examples of comparisons between the monthly nrearaseraged GOMOS water vapour
profiles (the green lines) with their model equivalent aééhlatitudinal bands during April (I.h.s. panels) and
October (r.h.s. panels) 2008, respectively (see figuraaapor details). These profile plots show that the
GOMOS water vapour values were from one to four orders of itadgm larger than those given by the model
at all stratospheric levels. The largest differences weuad in the upper stratosphere, where not only did the
GOMOS observations exhibit on average values of four orfleragnitudes larger than their model equivalent,
they also were larger than the mean GOMOS tropospheric \cdigaT.

The poor level of agreement between the GOMOS water vapadilge and their model equivalent is also
shown in the scatter plots presented in figlirdor the integrated layer between 1 and 100 hPa. The two panels
show the scatter plot for April (I.h.s. panel) and Octobdr.§: panel) 2008, respectively.
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Figure 16: Comparisons between the area averaged GOMOS water vapofiregrand the area averaged ECMWF water vapour
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Figure 17: Scatter plots of NRT GOMOS water vapour content against ©&IWF first-guess in the integrated layer 1-100 hPa for
the periods April (left), and October 2008 (right). The amie give the number of observations per bin, and the black te mean
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4.4 Monitoring of new filtered GOMOS data

As shown in sectiod, the quality of the operational GOMOS retrievals, in parée the water vapour, was not
particularly high compared with their model equivalentspite the operational GOMOS data were obtained as
a filtered subset of the original retrievals in which only ttata sampled in full dark conditions were used. As
a consequence, the GOMOS ESL did process a number of morthtakimg into account the brightest nine
stars in the infra-red spectral range at dark limb that asanteed to provide high quality ozone and water
vapour data. The output was produced in the same format aftbational GOMOS Meteo Product format.

These new ozone and WV data were ingested in IFS and compétetheir model equivalent obtained from
the first-guess and analysis fields, in the same way it ismelytiperformed for the operational products. An
account of the key points is provided below. For completenésee monitoring plots from the operational suite
are also provided for comparison. In the following plotg ttentification0001refers to the experiment run
with the operational dataset; the identificatidm6 is used for the experiment run with the new dataset. The
monitoring was performed for the four month period betweept&mber and December 2007.

4.4.1 Key points

e The filter implemented in the PDS2BUFR differs from that ubgdthe GOMOS QWG, and the two
datasets show different coverage. In particular, becalbe different selection criteria between the two
datasets, there were no data found at midlatitudes in the3®60N) and at high latitudes in the SH
(60-90S) during the whole period under study, and very &chitumber of data (about 15% of the data
used operationally) was measured at other latitudinal ®ések figurd 8 as an example).

e Ozone:

— In the global mean, the new dataset compares better thanptratmnal one with their model
equivalent (see figurekd and20).

— The standard deviations of the ozone first-guess and asalggiartures are much improved with
the new dataset, especially at mesospheric levels (saeligtnand pink lines in figurg0).

— The new ozone dataset shows less scatter than the opelatienduring the whole period under
study. Figure®1to 23) show the scatter plots in October for a mesospheric laysiraéospheric
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layer, and for the whole Stratosphere, respectively.
— The global mean time series plot (see fig# confirms that:

1. The major differences between the two datasets are faumeésospheric layers,
2. the number of daily observations is strongly reduced @nrtbw dataset compared with the
operational one,
3. the new dataset show less scatter than the operational one
4. the standard deviations of the departures are much rédndke new dataset compared with
the operational one.
However, figure24 (as well as the time series plot at other levels) shows tlesdgineement between
the GOMOS ozone observations and their model equivalenbti:i@cessary improved by using
the new dataset, except during October. The different betain October compared with the
rest of the period is not know. Nonetheless, it is worthwhdepoint out that between 24 and
28 September, the whole ENVISAT payload was switched-o# thuService Module Anomaly
(Global AOCS Surveillance triggered). It should also benped out that the level of agreement
between the operational dataset and their model equivedemained essentially the same before
and after this anomaly.

e Water vapour:

— Both the operational and the new datasets show higher wapeuv values than their model equiv-
alent (see figur@5s).

— The new dataset compares much better than the operatioeakidmtheir model equivalent (see
figure 25). While the latter generally shows that the GOMOS water vap@lues were from
one to four orders of magnitude larger than those given byrtbéel at all stratospheric levels, the
departures between the former dataset and their modelagnivare generally up to a few hundreds
of mg/n?, which correspond to variability within 0-2% at most levédee figure26).

— The generally good level of agreement is reduced in the lageween 60 and 80 hPa in October
2007 (see figureo).

— Like for the ozone product, also the new water vapour data shemaller scatter than the opera-
tional dataset (see figur@3 and28).

— The reduced agreement between the new GOMOS WV retrievdlthair model equivalent in the
layer between 60 and 80 hPa in October 2007 is also confirmékeblyme series plot (see figure
29).
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Figure 18: Hovmoeller diagram of zonal mean GOMOS first-guess depestper 6-hour cycle for September-December 2007 from

the operational dataset (top panel) and the new datasetdbopanel) for layer 2 (0.2-0.4 hPa).
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Figure 19: Comparisons between the global mean GOMOS ozone (greerihamybbal mean ECMWF ozone first-guess (blue) and

analysis (red) for the operational dataset (right) and tremwndataset (left). The light green lines limit the obsematbne-standard
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EXP = 0001 ; Period = 2007100100 to 2007103118

Scatterplot of FG Departures versus Latitude
GOMOS on ENVISAT, Ozone, Layer 02 (0.2-0.4 hPa)
EXP = 0001 ; Period = 2007100100 to 2007103118
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Statistics for Ozone from ENVISAT / GOMOS

Layer = 2,0.20 - 0.40 hPa, All Data
Area: lon_w= 0.0, lon_e=360.0, lat_n= 90.0, lat_s=-90.0 (all surface types)
EXP = 0001, Data Period = 2007083118 - 2007123118

Statistics for Ozone from ENVISAT / GOMOS

Layer = 2,0.20 - 0.40 hPa, All Data
Area: lon_w= 0.0, lon_e=360.0, lat_n= 90.0, lat_s=-90.0 (all surface types)
EXP = fla6, Data Period = 2007090100 - 2007123118
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Figure 24: Timeseries of global mean ENVISAT GOMOS NRT ozone datayfiess and analysis values (top panels), first-guess and

analysis departures (second panels), standard deviafithisl panels) and number of data (bottom panels) per 6-reyate for layer
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Statistics for Water Vapour from ENVISAT / GOMOS

Layer = 13, 60.00 - 80.00 hPa, All Data
Area: lon_w= 0.0, lon_e=360.0, lat_n= 90.0, lat_s=-90.0 (all surface types)
EXP = 0001, Data Period = 2007083118 - 2007123118

Statistics for Water Vapour from ENVISAT / GOMOS

Layer = 13, 60.00 - 80.00 hPa, All Data
Area: lon_w= 0.0, lon_e=360.0, lat_n= 90.0, lat_s=-90.0 (all surface types)
EXP = f1a6, Data Period = 2007090100 - 2007123118
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Figure 29: Like in figure24, but for the WV at layer 13 (60-80 hPa).
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5 Monitoring of MIPAS data

Owing to instrument problems, NRT Level 2 MIPAS data (MMRE_2P) have not been available since 27
March 2004, so that no monitoring activity of these obséovatcould be performed during 2008. Results from
the monitoring statistics covering the period October 20B&rch 2004 were presented Byethof(2004).

The planned assessment of the MIPAS L2 data retrieved frenfoth spectral resolution data sampled during
the period October-December 2007 will be performed as sedheadata will become available. This depends
upon the operational implementation of the new MIPAS prsgegswvhich is now planned for the end of March

20009.

In addition, research activity to assess the impact of akging low spectral resolution MIPAS level 1 radi-
ances on the ECMWF ozone analyses started during 2008. Aesitest was already carried out within the
Assimilation of Envisat data (ASSET) proje@drmann and Thépau?006 Bormann et a.2006), using the
full spectral resolution radiances. Before any assinafatxperiment could be performed, some preparation
work was needed. In particular, because of the differenttsgleresolution of the current radiance data com-
pared with that of the dataset assimilated in ASSET, a newfsebefficients used in the regression model,
which parameterizes the transmittance in the radiativester model, RTMIPASBormann et al.2005, had

to be calculated. Once this new set of coefficients were tzkul, the performance of RTMIPAS was checked,
and compared with that obtained with the full spectral nettoh data. The next step concerns with the actual
selection of a suitable subset of MIPAS channels to be usétkimssimilation experiments. The results and
findings on the activity performed as preparation to the M3RAvel 1 radiance assimilation will be produced
separately.

6 Conclusions

Under ESA contract 21519/08/I-OL (Technical support favbgll validation of Envisat data products) NRT
GOMOS (GOMRR__2P) products were monitored at ECMWF using the operatiossihalation system. Be-
cause of instrumental problems which caused the unaviiyabf the NRT MIPAS (MIP_.NLE_2P) product,
no monitoring could be performed of these data since 27 M2@¢H. In addition, the monitoring of the NRT
SCIAMACHY (SCI_RV__2P) product could not be performed after May 2006 also duata dnavailability.

The NRT GOMOS products (GOMR__2P) were available during the whole 2008, with only a few shor
periods of unavailability. We also acknowledge that aftenadel cycle change at ECMWF in June 2008, the
monitoring of the temperature product could not be perfatiioe the period between 6 and 21 June. No impact
was found in the monitoring of the other products.

Upon the data availability, an indication of the timelineéshe ENVISAT products during 2008 was provided.
The timeliness of the TOSOMI products as downloaded by KNMkvjust under 81% as annual average
in 2008. As far as GOMOS products are concerned, about 96f4¥ealata were received in time for the
delayed-cut-off analyses during 2008.

The quality of the GOMOS temperature profiles was stablendu2008, and consistent with that reported by
Dragani(2008. On average, the GOMOS temperature departures are lasslt@ (-2 K) in most of the
stratosphere and slightly larger in the mesosphere (ugto adbout -8K between 0.2 and 0.4hPa).

As far as the NRT GOMOS ozone profiles are concerned, the Igiodan annual mean first-guess and analysis
departures are within -5 and +20% in most of the stratosptiereressure values smaller than 40hPa), but
larger departures were found on average in the lower splagwe (for pressure values larger than 40hPa), and
in the mesosphere. The standard deviations of the depantugee found larger than 50% in most vertical
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layers. When averaging over latitudinal bands, the levelgpéement just discussed is usually confirmed. The
agreement between the GOMOS ozone observations and thdel requivalent is better than the GOMOS
ozone one standard deviation limit at all vertical leveld ktitudinal bands. The largest differences are found
in the lower stratosphere, typically for pressure valuegdiathan 40 hPa, and in the upper mesosphere where
the first-guess and analysis departures can be larger tBan e first-guess and analysis departure standard
deviations are larger than 15% in the lower stratospherelamgédr than 50% in the upper stratosphere and
mesosphere.

The quality of the water vapour data was generally poor guBii08. The monitoring statistics for 2008
showed the GOMOS water vapour values were from one to fowersrof magnitude larger than those given
by the model at all stratospheric levels and latitudinaldsariThe largest differences were found in the upper
stratosphere, where not only did the GOMOS observationdbigxtalues of four order of magnitudes larger
than their model equivalent on average, they also wererénge the mean GOMOS tropospheric observation.
It should be noted that these data were selected from theewd®il of measurements to be obtained from
observations sampled in full dark illumination conditiainénges in the BUFR converter were implemented in
May 2007 as suggested by the GOMOS QWG).

The poor quality of the water vapour after May 2007 suggettatthe filter implemented in the BUFR con-
verter was not good enough to filter out all the bright, twitignd straylight data and that some poor quality
observations could still be retained in the monitored adtadsing the star identification, the GOMOS QWG
prepared a new dataset of GOMOS water vapour and ozone dateefperiod between September and De-
cember 2007. These data were ingested in the ECMWF opeabgatem and monitored. The monitoring
statistics showed that the number of observations fromitiehirightest stars that provided the highest quality
data was strongly reduced with respect to the already filtdagaset. It was estimated that only 15% of the data
actually fulfilled the condition of being sampled in full #&aHumination condition. However, the quality of the
new filtered dataset seem to be much improved for both ozamhevater vapour. In particular, the ozone mon-
itoring statistics show less scatter than the operationalduring the whole period under study, and a higher
level of agreement in particular in the mesosphere. As fanesvater vapour is concerned, although both the
operational and the new datasets show higher water vaptuesvihan their model equivalent, the new dataset
compares much better than the operational one with the ECMMtEr vapour first-guess and analyses. Like
for ozone, also the new water vapour data show less scatteltlie operational GOMOS dataset. It is adviced
the GOMOS data to be selected at the source according toahalsntification number as done for the test
dataset used in this study.
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