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Abstract

This report discusses the results from the operationadlaatin and monitoring of level 2 data retrieved
from the atmospheric instruments on board Envisat perfdraieeCMWF during 2011 in support to the
ESA activities.

The NRT SCIAMACHY total column ozone (TCO) produced at KNMicadistributed via the ESA funded
PROMOTE consortium was continuously disseminated duriigl2and therefore assimilated at ECMWF-.
The quality of the data was generally stable during 2011. fidlseguess and analysis departures were
normally less than 10DU during the whole year in the tropied at midlatitudes. Larger departures were
found near the end of the illuminated part of the orbits, ratyrassociated with larger observation errors.
Comparisons with OMI and GOME-2 TCO showed residuals wethini+15DU.

On 25 November 2011, ECMWF could restart archiving MIPASiegals of ozone, temperature and water
vapour in the MARS archive, and thereby restart the operatimonitoring. The quality of the MIPAS
retrievals is generally very high. The level of agreemerthwihe ECMWF fields is better than the obser-
vation standard deviation for all parameters. The ozonediress and analysis departures from MIPAS
retrievals are normally within=10% at most vertical levels and latitudes. The temperattreevals are in
an agreement with the ECMWF temperature field which is b#ttar 1% in the stratosphere. While the wa-
ter vapour retrievals are within 20% from their ECMWF modglizalent, showing a dry bias in the UTLS
region, and a wet bias in the mid and high stratosphere, dsawéh the mesosphere. Assimilation tests
using the MIPAS ozone profiles were also run. Results shoha&tthe assimilation of MIPAS ozone data
could substantially improve the quality of the ECMWF ozomealgses. Based on those results, ECMWF
restarted the assimilation of these data on 8 December 2011.

The GOMOS instrument suffered of a number of anomalies #nated severe data loss and data unavailabil-
ity from the end of August onwards. Based on the data avéitiglthe NRT GOMOS ozone profiles showed
a level of agreement with their model within -10 and +15% insinaf the stratosphere (fo<plOhPa) in
the tropics and at midlatitudes, but larger in the lowertegphere and in the mesosphere. The quality of
the GOMOS water vapour profiles was generally poor at all$end latitudinal bands, with stratospheric
values typically from one to four orders of magnitude larnggdues than their model equivalent. A new NRT
algorithm (version 6.01, hereafter v6.01) was implemeirielline 2011 for GOMOS data. The operational
monitoring and an ad-hoc study of the comparisons of the GGM&lrievals with their ECMWF equivalent
before and after switching to the v6.01 algorithm showed Vieite impact on the water vapour, although
the data scatter seemed reduced, and a more significantecharige ozone retrievals, which showed a de-
graded level of agreement with the ECMWF ozone analysesingtion of the ozone maximum, in favour
of a better agreement in the UTLS region.

1 Executive summary

The level 2 products retrieved from the atmospheric insenits on board of the ENVISAT satellite have been
routinely monitored at ECMWF during 2011. Talleprovides an executive summaryof the monitoring and
assimilation activity performed at ECMWF during this pekioTablel is composed of three parts: For each
instrument (GOMOS, SCIAMACHY, MIPAS), it focuses on 1) thata availability to ECMWF (in terms of
timeliness, long period of data unavailability, and the&sons), 2) the period when theobservations were assim-
ilated at ECMWF (if applicable), and 3) the level of agreem@Roor”, "Medium”, "Good”, and "Excellent”)
between each product and their ECMWF equivalent.

It is noted that the operational monitoring of MIPAS L2 prathicould only be performed from 25 November
2011 onwards. Details and reasons for this are discusseaztiios5. Furthermore, it is also pointed out that
ECMWEF restarted the operational assimilation of the MIPASre profiles.
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| GOMOS | SCIAMACHY | MIPAS
Timeliness 93.4% 85.1% 82.4%
Unavailability || 24 Oct - onwardsg N/A N/A
Anomalies Since 26 Aug N/A N/A
Actively No Yes O3z only
assimilated (from 8 Dec 2011)
Ozone Medium Good Excellent
Temperature N/A N/A Good
Water Vapour Poor N/A Good

Table 1: Summary of the key points resulting from the 201 litwramg and assimilation of the Level 2 products retrieved
from the ENVISAT atmospheric instruments.

2 Introduction

The present annual report summarises the results from déibalgbalidation and monitoring of the ENVISAT
atmospheric data products performed at ECMWF under the E&4efd project 21519/08/1-OL CCN No. 1
(“Technical support for global validation of Envisat dateogucts”) during 2011. These products, usually
referred to as the Meteo products, are retrieved at ESA aaithble to ECMWEF on their ftp servers in near-
real time (NRT) in BUFR format. Formally, the list of prodaéhcluded in the present contract are temperature,
ozone and water vapour profiles from MIPAS (MNR_E_2P) and from GOMOS (GOMRR__2P), as well as
total column ozone retrievals from SCIAMACHY nadir measnents (SCIRV__2P). It should be noted that,
among these products, the NRT SCIAMACHY nadir TCOs (RVL_2P) have not been available since May
2006 Qraganj 2006. As agreed during the ESA-ECMWEF final progress meeting la¢l&ECMWF on 6
December 2006, the operational monitoring of the ESA neddeSCIAMACHY TCO was replaced by that
of the SCIAMACHY TCO retrieved at KNMI under the ESA fundedomct PROMOTE. It should also be
noted that, no monitoring was performed of the GOMOS tentpezaas the data currently available in the
GOMOS BUFR files are not actual retrievals, but rather the BZA/R4-hour forecasts Project 21519/08/I-
OL CCN No. 1 runs for a period of two years from January 2011 égsdnber 2012, and continues the activity
carried out under a number of previous ESA contracts, nat&¥$8/00/NL/SFDethof, 2003, 17585/03/I-OL
(Dethof 2004 da Costa Bechtold and Deth@005), 17585-CCN-1Draganj 2006 2008, and 21519/08/I-OL
(Draganj 2009h 2010k 20113. This paper discusses in details the results from the rmidngt and assimilation
of the available ENVISAT L2 atmospheric data products dytime period January to December 2011.

The ECMWF deterministic model is a global spectral modebelefits from a current horizontal resolution
truncation of T1279, which corresponds to about 16 km gratsm, 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 winslokhe 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. Theag/ses are run with a delayed-cut-off time
of 14 hours (with respect to the nominal analysis times),ritento use the maximum possible number of
observations. The 6-hour 4D-Var analyses have a shortesfctime (4 hours) and the analysis observation
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).

1As agreed during the ESA-ECMWEF final meeting held at ESA ES&1IN5 February 2011

2 ESA contract 21519/08/I-OL CCN No. 1
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Because ozone is fully integrated into the ECMWF forecastiehand analysis systenbéthof and HOIm
2003 as an additional three-dimensional model and analysishbla; the ECMWF model can be used to
monitor ozone retrievals from the ENVISAT instruments irdéidn to temperature and water vapour. The
ozone forecast model uses an updated version ofCtméolle and Deéqu&1986 scheme (hereafter CD86).
In particular, compared with CD86, the ECMWF ozone parangtion includes an additional term which
parameterizes the depletion of ozone in the polar regionedbgrogeneous reactions. At present, ozone is
included uni-variately in the ECMWF data assimilation syst This means that there are no ozone increments
from the analysis of the dynamical fields. In addition, theirmdation of ozone observations cannot modify
the wind field in 4D-Var through the adjoint calculations. i§ treatment was chosen to minimize the effect
of ozone on the rest of the analysis system. For the samememomodel’s ozone field is not used in the
radiation scheme, where an ozone climatoldggr{uin and Langemat4999 is preferred instead.

Ozone data from a number of satellite instruments are cilyrassimilated in the ECMWF system. At the time
of writing, the ozone data either monitored or assimilatethe ECMWF operational system are those listed in
table2.

Instrument Satellite  Usage Data Type

SBUV/2 NOAA-16 Passive Partial columns
SBUV/2 NOAA-17 Active Partial columns
SBUV/2 NOAA-18 Active Partial columns
SBUV/2 NOAA-19 Active Partial columns
SCIAMACHY ENVISAT Active  Total columns

GOMOS ENVISAT Passive Profiles
MIPAS ENVISAT Activel Profiles
OoMI Aura Active  Total columns
MLS Aura Passive Profiles
GOME-2 MetOp-A Passive  Total columns
SEVIRI Met-9 Passive  Total columns

Table 2: List of all the ozone products actively assimilategassively monitored in the ECMWF operational system.
1The assimilation of MIPAS ozone profiles became operation® December 2011.

The NRT ozone retrievals from the Solar Backscatter Ulti@éti(SBUV/2) instruments, produced by NOAA
and available from NESDF are retrieved as a 21 level ozone profiles. These data averted into a six-
layer product at ECMWF to reduce the observation error tatice. The NRT SCIAMACHY TCO produced
by KNMI3 and generally referred to as TOSOMI has been assimilate@ BtVEF almost continuously since
28 September 2004. The two longest interruptions to the TAISMata assimilation, that were recorded since
2004, occurred during the three-year period 2008-2010roi) fL8 December 2008 to 16 September 2009, and
2) from 22 October to 16 December 2010, as documentebragani(20099 and Dragani(20109, respec-
tively. NRT OMI total column ozone data have been assindlai®ace June 2008. The active assimilation of
this product was switched off during the period between 2widey and 18 March 2009 due to instrumental
anomalies that affected a number of pixels. The assimilatiobOMI was then restarted when it was proven
that by removing the anomaly-affected pixels the qualitghaf (remaining) data was still suitable for opera-
tional useDragani(20099. SBUV/2 and KNMI SCIAMACHY data are not used at solar zerdtigles greater
than 84, and OMI data are not used at solar zenith angles greater8tanVvariational quality control and
first-guess checks are carried out for all assimilated daaperature retrievals are not assimilated at all in the
system, although this field is strongly constrained by tregnaitation of radiances. The assimilation of ozone-

2Seehttp: //orbit-net.nesdis. noaa. gov/ crad/sit/ozone/ for more information.
SSeeeitheht t p: // www. t e s. nl / product s/ o3total . ht ml orhttp://ww. gse- pronot e. or g/ for further in-
formation.
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sensitive radiances in the infrared (IR) spectral rangm filoree advanced IR sounders, namely the Advanced
InfraRed Sounder (AIRS), the Infrared Atmospheric Sougdimerferometer (IASI), and the High-resolution
Infrared Radiation Sounder (HIRS), was extensively tesigihg 2011 and became operational with the im-
plementation of model cycle CY37R3 (15 November 2011). Moddumn water vapour (TCWV) data from
the MERIS instrument aboard ENVISAT have continuously bassimilated since September 2009, with the
only exception of the period between 22 October and 16 Deeefiil0 when ENVISAT was commanded to
the current orbiDragani(20109. A variational bias correction (VarBC) schenigegg 2009 is available for

the satellite observations. This scheme became operhiio8aptember 2006, when it was first used to correct
for biases in the radiance data, and only in September 200&sitextended to retrieved products and used for
ozone Praganj 20099 and TCWV Bauer 2009.

During the period January to December 2011, the ECMWF opeiatmodel system was upgraded twice to
model cycle CY37R2 on 18 May, to model cycle CY37R3 on 15 Ndven2011. The model cycle CY37R1,
which included a number of technical changes, was not dpegdly implemented. With cycle CY37R2, the
ECMWF system was upgraded with several technical and #idectianges. In particular, among the scientific
changes the following are worth mentioning: the backgroemdr variances were switched to those computed
from the ensemble data assimilation system (EDA); the AMStbservation errors were reduced; the tangent
point drift in GPS radio occultation data were now accouriteda number of changes to the assimilation of
all-sky microwave data and to the cloud scheme were implézden

Several changes were introduced in cycle CY37R3. Many a@sagd retuning were introduced in the model
physics, e.g. entrainment/detrainment of convectionemgiuration and deposition rate for clouds, and mod-
ification of the surface roughness, as well as in the use @, dalhich including, as mentioned above, the
assimilation of infrared radiances sensitive to ozone gharirom AIRS, IASI, and HIRS. The assimilation of
these ozone-sensitive channels improved the quality adzbee analyses in the UTLS region.

This report is structured as follows: Secti®gives an indication of the operability of ESA and KNMI prodisic
during 2011, and compares it with that of the past few yeagsti@n4 summarizes the results of the monitoring
and assimilation of SCIAMACHY total column ozone retriesjadectiorb shows results of the assimilation of
MIPAS ozone profiles; sectiod shows results of the monitoring of GOMOS data. Conclusiorspeesented
in the last section.

3 Operability of ESA and KNMI products during 2011

This section provides an indication of the operability oftbBESA and KNMI product at ECMWF during 2011,
in the same way it was produced by previous rep@iaganj 2008 2009h 2010h 20113.

To assess the operability of these products then, we havpareshthe data volume received within the analysis
cut-off times with the total amount of data received. Asc@ptited above, ECMWF has two main 12-hour 4D-
Var analysis and forecast cycles for 00 and 12 UTC (referoedstearly-delivery) and two 12-hour 4D-Var
analysis and first-guess forecast cycles (referred to ayeldicut-off). The passive monitoring is performed
with a delayed cut-off configuration, while the data acthassimilated - depending on their timely availability
- are used in both the delayed-cut-off and early delivertesui

In the delayed-cut-off, the 00 UTC analysis makes use ohalbbservations available in the Report Data Base
(RDB) within the assimilation window between 2101 and 0900QJThese 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

4 ESA contract 21519/08/I-OL CCN No. 1
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UTC (Haseler 2004.

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.WATIGhe 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 arertreetibur forecasts from the delayed-cut-off.
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Figure 1: The 2011 time series of the level 2 daily data volume recdivéiche for the delayed-cut-off relative to the total dailyte
volume received. The top panel refers to TOSOMI; the midahebrefers to GOMOS; the bottom panel shows the results fBAS.
Values are in %.
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The three panels of figurk show the data volume received by ECMWF within the analyslayesl-cut-off
times given above relative to the total amount of data doaatdal for (from top to bottom) TOSOMI, GOMOS,
and MIPAS, respectively. Although for technical reasohg, MIPAS observations could not be monitored in
the operational system before the implementation of mogekecCY37R3 (15 November 2011), these data
were nonetheless received by ECMWF during the entire 20Rlueg of 100% in figurd correspond to the
total amount of data received within the analysis cut-affds. In contrast, 0% values mean that either there
was an instrument unavailability or the total data volums vezeived after the cut-off times. It should be noted
that because the information on the uploading times is ovéjlable on the remote (ESA and KNMI) servers
for a short period (up to one week), it is not possible to ciamsspare the uploading and downloading times for
long periods. Therefore, delays in the data acquisitioluégthat are less than 100%) could be related either
to delays in the data processing, or to server access preblem

Instrument | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 |
GOMOS || 96.1%| 94.7% | 96.4% | 97.1% | 96.3% | 93.4%
TOSOMI | 89.0%| 83.1% | 80.7% | 81.0% | 83.0% | 85.1%
MIPAS | N/A | N/A | NA | N/A | N/A | 82.4%

Table 3: 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.

Table3 gives the annual mean percentage of data volume receiviederidr the delayed-cut-off analyses since
2006 for GOMOS and TOSOMI, and for MIPAS in 2011. Annual plimtisthe operability of the available ESA
and KNMI products for the years from 2006 to 2010 were preskint previous reportdraganj 2008 2009h
2010h 20113.

The best timeliness was found to be that of GOMOS product, tive 2011 value of 93.4%. The timeliness of
the TOSOMI product, although not as high as in 2006 (89%) bleas increasing over the last few years, with
the 2011 value being the second best since the record beg@o@n

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

SCIAMACHY (Burrows et al. 1988 measures sunlight transmitted, reflected and scatter¢ldeblgarth’s at-
mosphere or surface in the ultraviolet, visible and neaaiefd wavelength region (240-2380 nm) at moderate
spectral resolution (0.2-1.5 nm). The instrument proviglebal measurements of various trace gases including
ozone in the troposphere and stratosphere, as well as iafimmmabout aerosols and clouds. SCIAMACHY
measurements are performed in three viewing modes: nadis, dnd occultation. Depending on the type
of measurement mode, global coverage is achieved withinG3days, e.g. nadir measurements yield global
coverage in about 6 days.

NRT total column ozone retrievals from the nadir measuramignthe UV/VIS (SCIRV__2P) were produced
operationally by ESA until 8 May 2006. These retrievals weassively monitorédat ECMWF in the op-
erational suite from February 2003 until the disseminatibthe L2 TCO from the nadir measurements was
stopped. The latest results from the monitoring of ESA SCHIHY TCO for the period 1 January to 8 May
2006 were discussed tyragani(2006. Although the production of the L2 ozone data has recemidyarted,
the current timeliness is normally too long to be monitorpdrationally.

4 Data go into the system, statistics are calculated e.gistital analyses of the differences between the model'sdiisss or
analysed fields and the observations, the so-called depsrtwit the data is not assimilated into the ECMWF model.
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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) siMaach 2004. This product differs from the
operational ESA one as the retrieval procedure makes u$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 unavailapitif the NRT ESA SCIAMACHY TCO retrievals, it
was agreed that the TOSOMI product should be regarded agpératmnal ESA Level 2 total column ozone
retrieval from SCIAMACHY (Minutes of the ENVISAT progresseamting held at ECMWF on 6 December
2006).

The TOSOMI product was passively monitored at ECMWF from &éha2004 to 27 September 2004. Based
on the positive impact that these data could make on the ECM¥@Re analyses, especially in the Antarctic
polar vortex region@ethof, 2004, the operational assimilation of this product started 8rs2ptember 2004,
when the model was updated to cycle CY28R3, and still perform

The TOSOMI product was assimilated at ECMWF during the wiiflé1, without interruptions. Figur2
shows the timeseries of globally averaged NRT TOSOMI ozate,dts averaged departures, standard devi-
ations, and number of data actively assimilated with relspethe number of available observations for the
periods January to June 2011 (I.h.s. panels), and July terbieer 2011 (r.h.s. panels), respectively.

The 2011 global mean timeseries is presented in figurEhe uncorrected first-guess and analysis residuals -
residuals calculated before applying the bias correctidhd data - (blue and red lines in the mid panels) were
generally negative and within -10 to 0 DU during most of th@ PGalthough three sharp changes in the statistics
can be detected. The first one occurred on May 9 when ECMWIeElsadtthe assimilation from TOSOMI ver-
sion 0.43 (v0.43) to TOSOMI version 2 (v2) on. The new aldontimplemented at KNMI contained a number
of small improvements, the most important being an impradledd scheme based on a MERIS albedo clima-
tology. To prepare for the transition, KNMI provided ECMWHthvtest data that were used to run research
assimilation experimentDfaganj 2011H. The results (not shown) consisted in geral neutral impacthe
ECMWF ozone field when the v0.43 data were replaced with thesieved using the v2 algorithm. values
were on average about 1DU higher than in the old version. €beral change occurred on 15 November
when cycle CY37R3 was implemented. This cycle included reévaodifications, as mentioned in secti?n

the most important here was the activation of the assimitadf ozone sensitive channels in the infrared from
three advanced sounders, AIRS, IASI, and HIRS. The asdiarlaf the ozone sensitive channels was found
to globally increase the amount of total ozone that imprdabedevel of agreement of the resulting ozone anal-
yses with independent observations. In spite of the imptayeality of the ozone analyses, the residuals of
the uncorrected ozone analyses and first-guess from SCIANWSlightly increased after the activation of the
assimilation of the IR ozone channels from about 0 to -3DUrenmamnsistent with the TOSOMI documented
bias Eskes et a).2005. The last modification that also impacted the 2011 SCIAMACsiatistics was im-
plemented on 8 December, when ECMWEF restarted the opeahtigsimilation of MIPAS ozone profiles. The
impact of assimilating MIPAS data is discussed below inisad.

A few episodes characterized by larger first-guess and sisalgpartures were registered during summer from
May through August. In many cases, these large differeneegemerally associated to episodes of large ozone
variations in the data (only partly captured by the first gllegten associated with smaller than average standard
deviations. When these situations occur, the 4D-Var atsionm scheme is likely to give a large weight to the
observations which can lead to large changes in the analyses

As also reported in the previous annual reports, the stdndieviation of the observations (green line in the
third row panels from the top of figud during the second half of the year shows slightly smalleamealues,
as well as a smaller variability than that seen during thédixsmonths.

The generally good behaviour of the TOSOMI data can also ée Bethe timeseries of the zonal mean first
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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
2011 (right panel). The top panels of each figure show TOSGNWBIACHY NRT total ozone observations, first-guess andyaisal
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 abdin

guess departures shown in figuBe On average the first-guess departures (top panel in figuaee within
+10 Dobson Unit (DU) at most latitudes, that represents aBétitof the global mean total column ozone
value. However, a lower level of agreement between the madelthe observations can be observed near
the end of the illuminated part of the orbits especially ia thinter hemisphere, and it is more pronounced
in the NH than in the SH. The lower level of agreement at hidituldes reflects in the observation standard
deviations (bottom panel in figur® which exhibit higher values than average at the same tmtstin the
winter hemisphere. Here, the observation standard dewmiadn reach values of 50 to 70 DU. In the tropics the
observation standard deviation exhibits smaller valygscally of about 5DU or less.

Comparisons with total column ozone data from other UV imstnts also show the generally good quality of
these observations. Figude in particular, shows the comparison between the time sefiche zonal mean
SCIAMACHY total column ozone (top panel) and of the zonal me&aMI total column ozone (bottom panel)
for the whole 2011. The OMI data used in the comparisons a&eé\NRT total column ozone distributed by
NASA. On average, figurd shows a good level of agreement between SCIAMACHY and OMil toblumn
ozone, particularly during the first half of 2011. Some d#feces can be found in the tropics, where SCIA-
MACHY usually exhibits lower values than OMI throughout tfear (differences are normally between -15DU
and +5 DU, -5 and +1.5% of the global mean TCO value, respagivand at high latitudes where the OMI
ozone values are normally up to 10% lower than those of SCIE&HX. It should be noted that UV nadir
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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 2011. All ozonkiga are in DU.

sensors like OMI and SCIAMACHY are prone to provide less accurate measurements near thef émel
illuminated part of the orbits, as noted in the bottom paridigure 3, and therefore the large differences at
these latitudes should be of a less concern provided thaoiier quality of the data reflects in the observation
errors (as shown in figur@).

Figure 5 shows the time series of the zonal mean difference betwedANMECHY TCO and MetOp-A
GOME-2 TCO for 2011. The GOME-2 TCO used here is the operali®CO product provided in NRT by
EUMETSAT. In general, the SCIAMACHY minus GOME-2 residuale generally positive (SCIAMACHY
values larger than those of GOME-2) and of about 10-15DU atratitudes, with the exception of the end
of the illuminated part of the orbits in the NH during spring12, where the differences were up to 30DU in
places.

4.1 Summary of the NRT SCIAMACHY monitoring and assimilation

The NRT SCIAMACHY ozone columns produced by KNMI (TOSOMI) evailable and assimilated during
the whole 2011. A change in the version of the TOSOMI rettieeheme was implemented on 9 May. The
changes in the new algorithm had negligible impact on the BNbzone analyses and first-guess. Two more
changes in the assimilated observing system were impledentECMWF that slightly impacted the statistics
for these observations. The first one implemented on 15 Nbeebpncerned the assimilation of the IR ozone
sensitive channels from AIRS, IASI, and HIRS.

5The SCIAMACHY TCO used are those retrieved from the nadirsnezments only.
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Figure 5: Time series of the zonal mean difference between SCIAMAQ®Yahd GOME-2 TCO for 2011. Values are in DU.
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The second change implemented on 8 December regarded tmdatssn of MIPAS ozone profiles.

Comparisons of the TOSOMI data with the Aura OMI and the MefOBOME-2 total column ozone showed
that the level of agreement between these three productaitas 5% of the mean observation value.

5 Monitoring and assimilation of MIPAS NRT ozone retrievals

MIPAS is a Fourier transform spectrometer for the detectiblimb emission spectra in the middle and upper
atmosphere. Because it observes a wide spectral intemaaighout the mid infrared (from 4.18m to 14.6
pm) at high spectral resolution, MIPAS can detect and spictiesolve a large number of emission features
of atmospheric minor constituents, thus playing a maja nolatmospheric chemistry. MIPAS was one of the
first ENVISAT instruments to be fully operational after treaihch, providing very high quality observations,
and NRT MIPAS ozone profiles (MUIRLE_2P) were actively assimilated at ECMWF from October 2003
until the end of March 20040ethof, 2004). Instrumental problems occurred early on in the missiorthat
MIPAS had to be switched off in March 2004. Operations coulty d®e resumed in January 2005 when the
original high spectral resolution was reduced from 0.0251cta 0.0625 cm-1. The reduction in the spectral
resolution led to a proportional reduction in the measurgntime from 4.5 seconds to 1.8 seconds, that was
exploited to increase the number of measured spectra insarhin order to have a finer vertical limb grid
in the upper troposphere and lower stratosphere (UTLS),aandltitude range coverage from 6 to 70 km.
The reduction in the measurement time coming from the uselofvar spectral resolution also resulted in
a reduced horizontal spacing between two contiguous linab seseasurements. Originally, operations were
also restricted to operate MIPAS with a reduced duty cyeleQ%, then relaxed to 60%). Based upon the
instrument reliability, ESA decided to restart the MIPAS=ogtions at 100% duty cycle in December 2007.
However, because of completely independent issues, tlrigiion of the Level 2 data was further delayed,
and fully resumed only at the beginning of 2011. As the newdpeb has a slightly different format from
the one received at the beginning of the ENVISAT mission,aperational monitoring and assimilation could
not be restarted immediately in cycle CY37R2, but they hdoktpostponed until after the implementation of
cycle CY37R3, which became operational on 15 November 20hinediately after cycle CY37R3 became
operational, ECMWF restarted to archive the MIPAS Level @dpicts into the Meteorological Archival and
Retrieval System (MARS), where all data monitored and atstied by the operational suite are stored. On 8
December 2011, based on the positive results from a numbkessirhilation experiments, ECMWF restarted
the operational assimilation of MIPAS ozone profiles. Wedss those results in sectiohto 5.4.

5.1 Monitoring of MIPAS retrievals

This section briefly shows the level of agreement betweeHiRAS retrievals (ozone, temperature and water
vapour) and their model equivalent. The mean profiles wenegpeded for the period December 2011 for the
operational suite.

Figure 6 shows the comparisons between the MIPAS mean ozone profilétamodel equivalent at high
latitudes in the NH and SH (top and bottom panels, respégfjvand in the tropics (middle panel). The
difference between the ECMWEF first-guess and analysis psdihd the mean MIPAS ozone profile is normally
less than the observation standard deviation. The levegdeanent between the MIPAS retrievals and the
ECMWEF ozone first-guess and analyses are generally betted®?o at most latitudes, and vertical layers. The
only exceptions are represented by the upper stratosghgdacs where the first-guess and analysis departures
from MIPAS data are on average up to +15% at high latitudebenNtH, and up to +25% at high latitudes in
the SH. The standard deviation of the first-guess and asatigpartures are normally larger than 10% at all
levels and latitudinal bands.
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Figure 6: Comparisons between the area averaged MIPAS ozone profittshe area averaged ECMWF ozone first-guess and
analysis (left panels) and their relative departure (rigi&nels) for December 2011. The plots were obtained by airggafe data
over the high latitudinal band in the NH ([6@0°]N) (top panels), the tropics [3IN-30°S] (middle panels), and the high latitudes in
the SH ([60-90°]S) (bottom panels). Ozone values are in DU.
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Figure 7: Like in figure6, but for the temperature. Temperature values are in K.
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Figure 8: Like in figure6, but for the water vapour. Water vapour values are in nfg/m
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The comparisons between the MIPAS temperature retrienalshee ECMWF temperature first-guess and anal-
ysis profiles are given in figuré. Like in the case of ozone, also the level of agreement indhgerature
profiles is better than the observation standard deviati@il &vels and latitudinal bands. The stratospheric
temperature first-guess and analyses are typically lessli#a(< 2 K). Larger departures are normally found
in the mesosphere with values up to 4% (about 8K). It shoulddied that the quality of the mesospheric
temperature first-guess and analyses is not as high as thtise $tratosphere. The standard deviation of the
first-guess and analysis departures are normally largari#@(2K) at all levels and latitudes.

Figure8 presents the comparisons between the MIPAS water vapoigveds and their model equivalent. The
data show good agreement with the ECMWF water vapour firssg@and analyses, that is normally better
than the observation standard deviation. The first-guedsaalysis departures from the MIPAS water vapour
retrievals are typically withink20% at most vertical levels and latitudes. The only excepsieems to be the
upper stratosphere at high latitudes in the SH (bottom pawfeligure8), where the first-guess and analysis
departures are closer to +30%. In general, MIPAS has a dgyibithe UTLS region and a wet bias in the
mid and high stratosphere, as well as in the mesosphere.tdingesd deviation of the first-guess and analysis
departures are usually larger than 10%.

5.2 Assimilation experiment set-up

Two sets of assimilation experiments (labelled as A and Bewean over two periods February-March, and
August-September 2011. The main characteristics of thgserienents and their settings are given in taklles
and>5. All experiments were run using the standard 91 verticadlefrom surface up to 0.01hPa.

Set of experiments labelled as A (talflgincluded a total of four runs which made use of two model lkeso
tions, namely T255 and T799. This was done to quantify a mpissentation error made when assimilating
MIPAS retrievals in a high resolution data assimilationtsgswithout accounting for the horizontal smoothing
of the data. This horizontal smoothing of the data is relatethe horizontal variations of the real atmo-
spheric state. The MIPAS profiles are instead retrieved tiaehypothesis of local horizontal homogeneity
of the atmosphere. This means that vertical profiles of gbmexic state variables are retrieved under the as-
sumption that the atmosphere seen during a given limb scndborizontal variations (e.gaspollini et al.
2006 Ridolfi et al, 2000. As this assumption is not generally met, it introducessibvealled smoothing error
(Rodgers2000. The way this horizontal smoothing can be accounted foata @ssimilation is by using the
horizontal averaging kernels (HARIidolfi et al. (2009). This is particularly important when the model grid
is significantly finer than the horizontal resolution of theasurement. For MIPAS retrievals, the horizontal
smearing of a MIPAS retrieval can vary typically between w200 and 350 km for most species, altitudes
and atmospheric conditions. In the specific case of ozoeesatge where 95% of the information used to re-
trieve each profile can originate varies over a large digtdnp to 300 km in the direction towards the satellite
and away from it) from the retrieval nominal geo-locatiorfided as the location of the 30km tangent point
(von Clarmann et al2009.

The two control experiments of set A (C255 and C799) were singuall the operational data, which include
level 2 ozone data from three SBUV/2 instruments (on boald@AA-17, NOAA-18, and NOAA-19) in the
form of partial columns over six vertical layers, and totalunn ozone retrieved from SCIAMACHY and
OMI. The two perturbations (M255 and M799) were run addind®®X$ ozone profiles on top of the observing
system used in their corresponding control experiments.

A second set of experiments (labelled as B) was run to askegsotential synergy between MIPAS ozone
profiles and the ozone-sensitive channels in the infraredtsgd range. These ozone channels have been as-
similated operationally at ECMWF from cycle CY37R3 (15 Noeer 2011). These experiments were run at
a model resolution of T511. The set-up of the ozone-sersiR/channels was the same tested in the CY37R3
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Set A
Control  Perturbation | Control Perturbation
Period Feb-Mar Feb-Mar Feb-Mar Feb-Mar
Model cycle CY36R4 CY36R4 | CY36R4 CY36R4
Model resolution T255 T255 T799 T799
Assimilated data Ops Ops-MIPAS Ops Ops-MIPAS
O3-sensitive IR channels No No No No
VarBC anchor SBUV/2 SBUV/2 SBUV/2 SBUV/2
Initial conditions Ops suite Ops suite | Ops suite Ops suite
Label C255 M255 C799 M799

Table 4. Summary of the main characteristics of the experimdenoted aSet Athat were run to assess the impact of
MIPAS ozone profiles. All experiments were run over the stah@l vertical levels from surface up to 0.01hPa.

experimental suite, and includes 19 AIRS channels, 16 IA8hoels and one HIRS channel, that were assim-
ilated in both control and perturbation experiments. Twtheke channels, one from AIRS and one from IASI
(each regarded as the most sensitive channel to ozonemasatvere used to anchor the ozone bias correction,
together with the SBUV/2 partial ozone columns (experiradaibelled as CTRL and MIEor in table5). An
additional perturbation experiment (labelled as MURcor) was run with the same set-up of MGbr except
that it made use of MIPAS retrievals as a further level 2 antéhithe ozone VarBC, in addition to the NOAA

SBUV/2 data.

Set B
Control Perturbation Perturbation
Period Aug-Sep Aug-Sep Aug-Sep
Model cycle CY37R1 CY37R1 CY37R1
Model resolution T511 T511 T511
Assimilated data Ops Ops+MIPAS Ops+MIPAS
O3-sensitive IR channels Yes Yes Yes
VarBC anchor SBUV/2+AIRS+ | SBUV/2+AIRS+ | SBUV/24+AIRS+
IASI IASI IASI-+MIPAS
Initial conditions Exp suite Exp suite Exp suite
Label CTRL MIP_Cor MIP_Uncor

Table 5: As in tablel, but for experiments denoted &st B,

5.3 Analysis of the results from Set A: the model resolution

As MIPAS measures a wide spectral range, and thus it is sengita deep atmospheric layer, it was expected
that the assimilation of its ozone profiles could constragdzone analyses in the middle and lower stratosphere
as well as in the upper troposphere. Fighghows the zonal mean difference in the ozone mixing ratio\MR
between the control and perturbation experiments (at Ta28)aged during the two month period February-
March 2011. Figur® confirms that the assimilation of MIPAS ozone profiles creamone increments not just

to the region of the ozone MR maximum around 10hPa, but ald®inpper troposphere and lower stratosphere
(UTLS), particularly at mid and high latitudes in the wintermisphere.

The impact in the UTLS region (between 40 and 300hPa) in timewhemisphere is particularly important,
as most of the available ozone products (and this is ceyttiel case of the ECMWF ozone observing system)
are retrieved from nadir Backscatter Ultra-Violet (BUVpsers that can only make measurements in day light
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Cross section of the mean analysis difference between fipd and fipn
Par=03(mg/kg), Date=20110201-20110328

Figure 9: Cross section of the zonal mean ozone analysis different@X®1799) averaged over the period Feb-Mar 2011. Data are
in ppmm (mgkg). Positive values (red contours) mean that the assifoilatf MIPAS retrievals reduces the ozone analyses; negativ
values (blue contours) mean that the assimilation of MIR&Bavals increases the ozone analyse. Contour inten@2gppmm, data
range from -1 to 0.8 ppmm.

and are mostly sensitive to the region of the ozone maximuiguré 10 shows the fit of the ozone analyses
from set A to a number of ozone sondes in terms of RMS diffexdretween the ozone sondes and their co-
located ozone analyses. As there were negligible diffasibetween the ozone analyses from the two control
experiments only the high resolution case was plotted (gihapelled as CTRL).

Figurel0shows that at all available latitudes and regardless of th@efresolution, the assimilation of MIPAS
ozone profiles is beneficial both in the stratosphere anas$iere, as it improves the fit of the ozone analyses
to sonde measurements. Particularly noticeable is the langrovements in the fit to sondes launched at
midlatitudes in the northern hemisphere (top panel), éafiein the region of the atmosphere between 40 and
300hPa. These improvements can be detected both in the M2bBIA99 experiments. When the agreement
of the M255 and M799 ozone analyses to ozone sondes differsndication is that the lower is the model
resolution the better is the fit to ozone sonde. The diffezsrmetween the M255 and M799 quantify the
misrepresentation error resulting from not accountingtfier data horizontal smoothing, and not using the
MIPAS HAK. The exception is represented by the comparisarthé tropics, where at many level the M799
analyses show an higher level of agreement to sondes thanT@&5 equivalent. However, it should be
noted that the number of available profiles in the tropicsrduthe two month period is particularly low, so
these results should be regarded as a mere indication riditiera statistically significant result. Another
consideration is that this misrepresentation error is nmp®ortant in regions of the atmosphere and at latitudes
dominated by strong ozone gradients (e.g. near the pol&xedge or across an ozone filament in the surf
zone).

Figure 11 shows the zonal mean difference between MLS reprocessatk quofiles (version 2.2) and co-
located ozone analyses from the high resolution controkixgent (i.e. C799) and the two perturbations
averaged over the two month period Feb-Mar 2011. As MLS opoaéles are not assimilated, this compar-
ison also provides an independent validation of the imp&MI®AS assimilation. Also in this case, the two
perturbations compare better than the control with MLS ezatrievals, both in the region of the ozone MR
maximum and in the UTLS region, particularly in the wintenfisphere. Particularly noticeable is the reduc-
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Figure 10: Fit of the ozone analyses to ozone sonde profiles in termsafRMSE. Negligible differences were found in the two
control experiments at T255 and T799 model resolution, saifaplicity only one (namely C799) was plotted. Ozone ssrate
latitudes northern than 60N, and between 30S and 60S weneailable over the considered period. The number of profikeduto
compute the mean differences is provided in the title of @actel. Data are in DU.

tion of the negative bias (model exhibiting larger valuestMLS) in the tropics about 20hPa, and the positive
bias at the same vertical level in the SH.

Conversely to the comparisons with ozone sondes, the ingbalse model resolution appears to be generally
negligible in this case. Although, in spite of the expectad, it could be argued that the positive bias about
50hPa (particularly at midlatitudes in the SH) is slightgluced in the comparisons with MLS when the M799
(bottom left panel) analyses are used instead of the M25bright panel) ones.

The assimilation of MIPAS ozone profiles also slightly imyes the fit to the MetOp-A GOME-2 total column
ozone (TCO). Figurd 2 shows the distribution of the first-guess and analysis depes from GOME-2 TCO
for the control and perturbation experiments at T799 corybédr the tropics and the SH and NH extra-tropics.
Although, the differences between the control and pertiohadepartures are small, the statistics indicate
improvements in the mean, standard deviation and RMS aat#lidinal bands when MIPAS ozone profiles
are assimilated. Similar results were found in the statidior the T255 experiments that suggest a limited to
negligible impact of the model resolution. The fit to usedadatnegligible, certainly in the case of non-ozone
related observations. Some very small, positive improvémeere found in the fit to the Aura OMI total
column ozone produced by the assimilation of MIPAS ozonélpso(not shown). The impact on the forecasts
scores (not shown) is neutral at all tropospheric levels.
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Figure 11: Fit of the ozone analyses to ozone sonde profiles in termseafréssiduals (left panels) and their standard deviations
(right panels). The statistics were computed for C799 (tmpats), M255 (middle panels),and M799 (bottom panels)a@at in mass
mixing ratio (ppmm).

5.4 Analysis of the results from Set B: synergy with the ozonsensitive radiances and VarBC
set-up

This section discusses the impact of assimilating MIPAShezprofiles in a system in which both level 2
ozone products and 4sensitive IR radiances from AIRS, IASI, and HIRS were adlsted as baseline. As
anticipated in sectiob.2 (also see tablg), two assimilation experiments were run with MIPAS L2 daidest

the possible set-up of the ozone bias correction. A numbezsefarch experiments that were run to assess the
impact of assimilating the £sensitive IR radiances showed that the bias correctiothéme channels requires
several months to stabilise. For that reason, the threaiexgets in Set B were all initialised from the CY37R3
experimental suite (e-suite) for which the bias correcti@s fully spun-up.
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Figure 12: Histograms of the first-guess (left panels) and analysghrpanels) departures for GOME-2 total column ozone coetut

for the T799 experiments. The black lines refer to M799 (exj@t fipn); the red lines refer to the control, C799 (expeent fipd).
Statistics are computed over the period Feb-Mar 2011, afel t® the extra-tropics in the northern hemisphere (topgia)) tropics
(middle panels), and the extra-tropics in the SH (bottomgts)n Data are in Dobson Unit (DU).
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Figure13 shows the comparisons of the ozone analyses with MLS ozafiegrin terms of their zonal mean
differences averaged over the August-September monthipdeels) and their standard deviations (right pan-
els). The top, middle, and bottom panels refer to the Set BIGTNRP_Cor, and MIRUncor experiments,
respectively.
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Figure 13: Like in figurell, but for Set B CTRL (top panels), Mi€or (middle panels), and MLRJncor (bottom panels).

MIPAS with its high vertical resolution provides useful anfnation able to constrain the vertical distribution

of the ozone analyses. Figule presents the comparisons of the ozone analyses obtainedtlie Set B
experiments with the MLS ozone profiles. Figdréclearly shows that the assimilation of MIPAS L2 ozone
profiles can substantially reduce the large positive diffiees between MLS retrievals and the ECMWF ozone
analyses in the middle stratosphere, particularly if ttegs®rvations are also used as an anchor to the ozone bias
correction, Q VarBC (bottom left panel) of figur&3), in addition to the SBUV/2 partial columns. Furthermore,
whether the MIPAS ozone profiles are used or not to anchor théatBC, the assimilation of these data also
slightly reduces the standard deviation of the MLS minusnezanalysis residuals, particularly around the
ozone MR maximum at high latitudes in the SH (right panels).
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Itis also important to notice that the assimilation of MIP&&ne profiles in either VarBC configuration did not
produce changes to the bias correction of the §sénsitive channels assimilated in all the Set B experisment
(not shown). The benefits of assimilating the MIPAS ozondilesy particularly when these data are used as
VarBC anchor, are also confirmed by the comparisons with ®@Bamdes averaged over different latitudinal
bands (figurel4). Negligible impact was produced in both the fit to other mdlsition data and the forecasts
scores.
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Figure 14: Like in figure10, but for the Set B experiments.

5.5 Conclusions on the assimilation of MIPAS ozone profiles

Several experiments were conducted to assess the impadiwfilating MIPAS ozone profiles on the ECMWF
products. The results clearly showed that after almost adiei space MIPAS is still able to provide high
quality observations that can substantially improve tterithution of the stratospheric ozone analyses. Two
sets of experiments were performed. In the first set, MIPASezrofiles were assimilated in the ECMWF
data assimilation system run at two different resolutioB53 and T799) to assess the impact of the model res-
olution and indirectly the misrepresentation error thahes from not accounting for the observation horizontal
smoothing. The results showed that although the modelutignlis an important factor (the higher the model
resolution the worse the agreement of the ozone analysksnaiépendent observations), the improvements to
the vertical distribution of ozone produced by the MIPASm@asation are by far more important and substantial.
The second set of experiments was performed 1) to assesst#mgipl synergy of MIPAS ozone profiles with
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ozone-sensitive radiances in the IR spectral range, and identify the set-up for the ozone bias correction.

It was shown that the improvements produced by the IR ozornarais were retained in the experiments in

which MIPAS observations were also assimilated. In addjtiowas also noted that the high vertical resolution

of MIPAS in the stratosphere could provide a very useful traim® on the ozone analyses. It was also shown
that the level of agreement of the ozone analyses with int#p# ozone data is improved when MIPAS ozone
profiles are also used to anchor the ozone bias correctiom. amhlysis of both sets of experiments neither
showed negative impact on the fit to other observations aaldurrections, nor a degradation on the ECMWF
forecasts scores. Based on these results, the assimitdf\MdHPAS ozone profiles was restarted on 8 December
2011.

6 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 spece®aNO,, NO3, OCIO, H,O and temperature
(fixed to the ECMWF temperature forecasts in v5.00).

A subset of these retrieved products that is available in KROM_RR__2P) is routinely and passively moni-
tored at ECMWF. This subset includes temperature, wateswagnd ozone profiles.

The GOMOS data were generally available during the firstdfa?011. However, the GOMOS instrument ex-
perienced difficulties in performing nominal operatioranfr24 August 2011 onwards. These problems resulted
in a loss in observation coverage and in a number of instrtmeasurement interruptions from the end of Au-
gust till the end of year. The anomaly is triggered by an edeital and mechanical aging of the instrument,
impacting the mirror movement (information published apiitearth.esa.int/object/index.cfm?fobjectid=8170
on 23 November 2011). During the intense period of anomalgstigation and testing, only a small number of
nominal occultation were successfully performed. In thetfe of the anomaly investigation, GOMOS was also
switched from the so called "redundant side B”, in which ibfgerating since July 2003 to its original "side A”
configuration on 21/11/2011.

Figure 15 shows the time series of the global number of GOMOS ozonergditsans (top) and of the zonal
mean GOMOS temperature (bottom) during 2011, respectivEhe plots refer to a mesospheric layer and
they are intended to provide a general indication of theydarhount of available data (pana) and their
geographical coverage (part®l during 2011. The daily amount, that counted about 40 olbsiens per day
during the first three months of 2011, decreased to aboutd@gw per day until the end of August, when the
first instrument anomalies started. The decrease from 408dat&0 profiles per day is normal, it has been
observed during past years as well (dbgaganj 20113, and coincides with the period when the GOMOS
orbit is shifted to cover most of the southern hemispheramFthe end of August, the amount of GOMOS
measurements further decreased during September, andamalgional observations were available afterwards.

The following sections.1 and 6.2 focus on the monitoring of GOMOS ozone and water vapour @sfil
respectively.

6.1 Monitoring of GOMOS ozone data

This section discusses the results from the monitoring@NRT GOMOS Level 2 ozone profiles in 2011.
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Figure 15: Time series of the global number of GOMOS observations (ggnand their latitudinal distribution (panel b) during
2010. The plots refer to the mesospheric level between 21@&nhPa.

Figure 16 shows the 2011 global mean time series of the observatiahshair model equivalent (top panel),
of the first-guess and analysis departures (middle pamel)pftheir standard deviations (bottom panel) for the
vertical layer between 20 and 40 hPa, which correspondshipug the layer where ozone mixing ratio peaks.
From figurel6, the GOMOS ozone observations exhibit lower ozone valuas the ECMWF o0zone analyses
of about 6DU over the layer until 7 June when the new Near Reaé TNRT) processing (version 6.01) was
activated. With the new algorithm, the observation minusysis departures became slightly larger and ranged
within -8 to -10 DU for the 20-40 hPa layer.

The degradation seen in the layer between 20 and 40 hPaladtienplementation of the v6.01 NRT processing
has to be seen in the context of the changes over the whole defite atmosphere. An early assessment of the
quality of the ozone and water vapour profiles retrieved ftbemGOMOS measurements after implementing
the new Near Real Time (NRT) processing (version 6.01) onné 2011 was performed by ECMWF. This
assessment covered the one-month period from 23 May to 212001, thus the period consisting in the two
weeks prior the change and the two weeks after. This choicealsm made to avoid possible spin-up and
sharp changes in the ECMWEF system due to the implementatiomodel cycle CY37R2 (on 18 May) and
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Figure 16: Timeseries of globally averaged data covering the periajid January to 30 June, and (b) 1 July to 31 December 2011 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 panelstémdard deviations of GOMOS ozone data and of first-guebamalysis
departures. All ozone values are in DU.

the activation of the assimilation of NOAA-19 SBUV/2 ozonatal (on 22 June). Figurkr shows the profile
comparisons between the GOMOS mean ozone retrieval anadslraquivalent before (left) and immediately
after (right) the implementation of the v6.01 NRT procegsin

Figure 17 show that, altough the level of agreement between the GOMf@S8eoretrievals and the ECMWF
ozone first-guess and analyses was slightly degraded inithstratosphere (between 4-40 hPa), confirming
the result presented in figuld, it was improved in the UTLS region (40-140 hPa).

When averaging over latitudinal bands, the level of agrednjust discussed is usually confirmed. Figuiss
and19 show the area averaged GOMOS ozone profiles (left hand sitelg)aand GOMOS departures (right
hand side panels) for the three available latitudinal bamtsaveraged over two periods of two months each,
April-May, and June-July 2011, respectively. The disamsds limited to the first half of 2011 due to the
extended anomalies and data loss that affected GOMOS iretmag half of 2011. This discussion confirms
the results of the early assessment of the impact of the WRIIL processing activation, and can be regarded
as an extension to that study. In both figures, the top paefdsto the tropics (3IN-30°S), the middle panels
refer to the midlatitudes in the SH (3®0°S), and the bottom panels refer to the high latitudes in the SH
(60°-90S). There were no data available at latitudes northern tBaN.3

In both periods, the ECMWF ozone first-guess and analyseswigtin the observation one-standard deviation
at all levels and available latitudes. At all availabletladinal bands, the mean difference between the GOMOS
observations and their model equivalent typically shoveedd values (larger than 50% in places) in the lower
stratosphere (pressure values larger than 40hPa), whifestiowed a dependence on the latitudinal band in the
mid and upper stratosphere as well as in the mesosphere. OMOS mean tropical ozone profile normally
exhibits larger values than its model equivalent in the ugfratosphere (pressure values lower than 10hPa) and
mesosphere, and smaller in the lower stratosphere, wilkivelresiduals typically withir=10% for pressure
values lower than 40hPa. At midlatitudes in the SH, the mémeiwation minus first-guess / analysis residuals
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Figure 17: Comparisons between the global mean GOMOS ozone profileshangrea averaged ECMWF ozone first-guess and
analysis. The left panel refers to the period 23 May - 6 Juhe;right panel refers to the comparisons for the period 7 - @1 2011.
Ozone values are in DU.

were usually withint-5% in the vertical range between 4 and 40 hPa, but largerreliftes (larger than 50%)
were found elsewhere. At high latitudes in the SH, the ozes&luals were usually withig15% in the mid
and upper stratosphere (between 1 and 40 hPa), but largartadiegs were found at mesospheric and lower
stratospheric levels. The standard deviations of the tegsrwere larger than 10% at all levels and available
latitudinal bands for both periods.

Figure20shows the scatter plots of GOMOS ozone data (left panelsitsaficst-guess departures (right panels)
for the layer 20-40 hPa (ozone maximum layer) as functiohefatitude. The top panels (a) refer to the period
April-May; the bottom panels (b) refer to the period JungrR011, and thus the retrievals made use of the
v6.01 NRT processing algorithm. In both periods, the ozateavals show a rather large scatter around their
mean that also reflects in a large scatter of the first-gugssrtlges. The comparison between the right panels
(first-guess departures versus latitude) confirms thattwél6.01 algorithm the residuals between observations
and their model equivalent was increased. It should alsodbednthat the observation scatter was instead
reduced when the v6.01 scheme was adopted.
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Figure 18: Comparisons between the area averaged GOMOS ozone résrimwvai the area averaged ECMWEF temperature first-guess
and analysis. Right panels refer to the profile comparisdef$,panels show the relative first-guess and analysis depes. The
averaging period is between April and May 2011. The top pareder to the tropical band 3IN-30°S, the middle panels refer to the
midlatitudes in the SH (3860°S), and the bottom panels refers to the high latitudes in th¢@®°-90°S). Ozone values are in DU,
departures are in %.
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Figure 19: Like in figure18, but for the period June-July 2011.
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Figure 20: Scatter plots of NRT GOMOS ozone (left) and of NRT GOMOS dizshguess departures (right) in the layer 20-40 hPa
plotted against latitude, for the periods April-May 201&Gels [a]) and June-July 2011 (panels [b]). The colours dive number of
observations per bin, and the black dots the mean per binrozlhe values are in DU.

6.2 Monitoring of GOMOS water vapour data

The NRT GOMOS water vapour data were also monitored duridg 28lthough the above mentioned anoma-
lies significantly reduced the amount of data to just a fewile®in some cases.

The quality of the water vapour data, evaluated as the ldhai®ement with their ECMWF model equivalent,
was still poor in 2011 and comparable with that reported @vjmus annual reports.

Figure 21 shows the comparisons between the monthly mean area ase@®@MOS water vapour profiles
(the green lines) with their model equivalent at three udiital bands averaged over the periods April-May
(.h.s. panels) and June-July (r.h.s. panels) 2011 (se®nagor details). As done for the ozone comparisons,
two periods of two months each were considered, April-Magt dnne-July, so that the impact of the v6.01
algorithm could also be assessed with respect to the wapevaetrievals. The months were the GOMOS
instrument was affected by anomalies were not considered.

The profile plots in figure21l show that the GOMOS water vapour values were from one to fodere of
magnitude larger than those given by the model at all stphtric levels. The largest differences were found
in the upper stratosphere, where not only did the GOMOS wagens exhibit on average values of four order
of magnitudes larger than their model equivalent, they alsce larger than the mean GOMOS tropospheric
observation.
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Figure 21: Comparisons between the area averaged GOMOS water vapofiregrand the area averaged ECMWF water vapour
first-guess and analysis for April-May (I.h.s. panels) ande}July 2011 (r.h.s. panels). The plots were obtained byagyng the data
over the tropical band [3ON-30°S] (top panels), the [3060°]S band (middle panels), and the [6®0°]S latitudinal band (bottom
panels), respectively. Water vapour values are in rdg/m
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The poor level of agreement between the GOMOS water vapadilge and their model equivalent is also
shown in the scatter plots presented in fige2dor the integrated layer between 1 and 100 hPa. The two panels
show the scatter plot for April-May (I.h.s. panel) and JJoé (r.h.s. panel) 2011, respectively. Both the
profile plots and the scatter plots seem to indicate that tiaditgy of the GOMOS water vapour retrievals was
not much affected by the implementation of the v6.01 NRT iigan.
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Figure 22: Scatter plots of NRT GOMOS water vapour content against @& first-guess in the integrated layer 1-100 hPa for
the periods April-May (left), and June-July 2011 (righthelcolours give the number of observations per bin, and taekbdlots the
mean per bin. Values are in mg?m

7 Conclusions

The ECMWF technical support to ESA for the validation of ogptemperature and water vapour products
retrieved from the three atmospheric instruments on ENVISASA contract 21519/08/1-OL CCN No. 1:
Technical support for global validation of Envisat datadarcts) continued, upon data availability, during 2011.
The monitoring of the NRT SCIAMACHY (SCRV__2P) product could not be performed after May 2006 also
due to data unavailability. The TOSOMI product retrievedBtMI from SCIAMACHY measurements and
distributed via the ESA funded PROMOTE consortium is novardgd as the official ESA Level 2 total column
ozone retrieved from SCIAMACHY (Minute of the ESA contracbgress meeting held at ECMWF on 6 De-
cember 2006). This product was available during the en@ifel2The NRT GOMOS products (GQRR__2P)
were available during the first half of 2011, serious anoesadiffected the instrument from the end of August
till onwards that caused severe data loss and interrupitoti® nominal operations. In some cases, the amount
af data available after August was too low to make the restdisstically significant, particularly in the case of
the water vapour. At the beginning of 2011, the normal dissation of MIPAS level 2 products also restarted,
although the operational monitoring could only be resumfger &lovember 2011, due to changes that were
required in the IFS system to account for the new data farmat.

Based on the data availability, an indication of the opditsidf the ENVISAT products to ECMWF during
2011 was provided by assessing their timeliness. The tiressdi of the TOSOMI products as downloaded by
KNMI was 85.1% as annual average in 2011, that of the GOMOB8ymts was 93.4%, and 82.4% for MIPAS.

The TOSOMI product was received and operationally assiedlauring the whole 2011. The data generally
showed stable quality. A change in the retrieved scheme matemented at KNMI in spring. This new
algorithm included a number of small improvements, the nrmgortant probably being the upgrade of the
cloud detection scheme which now makes use of an albedotoliogy computed from MERIS data. An
assessment of one-week worth of test data retrieved witheivealgorithm was performed at ECMWEF prior the
switch to the new data version was performed. The study coafirthat the quality of the total column ozone
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was generally comparable if not slightly better than thatieeed with the at that time operational scheme.
ECMWF switched to the new TOSOMI data on 9 May 2011.

As mentioned above, although ECMWF restarted receivindtlRAS data at the beginning of 2011, the oper-
ational monitoring of these data could not be performedreetioe operational implementation of model cycle
CY37R3 (15 Novemeber 2011). Even before the operationaltorarg could be resumed, a number of assim-
ilation experiments were run in research mode aiming asagsg the quality of the data and the possibility of
resuming the operational assimilation of the ozone profildge results from all the assimilation experiments
clearly showed that MIPAS is still providing high quality sdrvations that can substantially improve the dis-
tribution of the stratospheric ozone analyses. Two setgpé@ments were performed. In the first set, MIPAS
ozone profiles were assimilated in the ECMWF data assimilagiystem run at two different resolution (T255
and T799) to assess the impact of the model resolution arnickatly the misrepresentation error that comes
from not accounting for the observation horizontal smawhiThe results showed that although the model res-
olution is an important factor (the higher the model resoluthe worse the agreement of the ozone analyses
with independent observations), the improvements to tingceé distribution of the ozone analyses produced
by the MIPAS assimilation were by far more important and tatigal. The second set of experiments was
performed 1) to assess the potential synergy of MIPAS ozooiilgs with ozone-sensitive radiances in the IR
spectral range (that started operationally with cycle GY30n 15 Novemebr 2011), and 2) to identify the
set-up for the ozone bias correction. The results showedyagamd synergy between the IR ozone channels,
MIPAS and the UV ozone products. The analysis of both setsmérments neither showed negative impact
on the fit to other observations and their bias corrections ardegradation on the ECMWF forecasts scores.
Based on these results, the assimilation of MIPAS ozonel@sofias restarted on 8 December 2011.

The GOMOS ozone monitoring statistics showed that the ECMAthe first-guess and analyses were within
the observation one-standard deviation at all levels aadadle latitudes. Two periods were discussed in de-
tails: April-May and June-July 2011. These two periods wadrasen within the period before the instrumental
anomalies started, and in a way that the impact of a new NRdrittign (version 6.01), implemented on 7
June, could be assessed. The monitoring statistics shdwvaedntgeneral the GOMOS ozone profiles were
within +£15% in the mid and upper stratosphere at all available thgubut larger departures could be found
in the lower stratosphere (typically for pressure valuegdathan 40hPa) and in the mesosphere. The new
algorithm implemented on 7 June seems to have slightly dedréhe agreement of the ozone retrievals with
their model equivalent in the region of the ozone maximum4@Pa). In contrast, that level of agreement
was improved in the UTLS region. Also the scatter of the olm@ns around their mean was reduced when
the new scheme was adopted. The standard deviations of plaetdiees were larger than 10% at all levels and
available latitudinal bands.

The quality of the water vapour data was still generally pdaring 2011 and based on the data availability

consistent with that reported in the last annual reportse Monitoring statistics showed that the GOMOS

water vapour values were typically from one to four ordersnafjnitude larger than those given by the model
at all stratospheric levels and latitudinal bands. Thedsirglifferences were found in the upper stratosphere,
where not only did the GOMOS observations exhibit valuewaf brder of magnitudes larger than their model

equivalent on average, they also were larger than the medvi@®tropospheric water vapour value. The

implementation of the v6.01 algorithm did not seem to havapced an impact on the quality of the water

vapour retrievals.
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