Atmos. Chem. Phys., 6, 19789, 2006 y —* .

www.atmos-chem-phys.org/acp/6/197/ Atmospl‘]erlc
SRef-ID: 1680-7324/acp/2006-6-197 Chemls_try
European Geosciences Union and Phys|cs

Geophysical validation of SCIAMACHY Limb Ozone Profiles

E. J. Brinksmal, A. Bracher?, D. E. Lolkemal3, A. J. Segers$, |. S. Boyd*, K. Bramstedt?, H. Claude®,
S. Godin-Beekmanf?, G. Hanserl, G. Kopp?8, T. Leblanc®, I. S. McDermid®, Y. J. Meijer3, H. Nakane'©, A. Parrish1l,
C. von Savigny, K. Stebel’, D. P. J. Swart, G. Tahal?13 and A. J. M. Piters!

IKNMI, Postbus 201, 3730 AE De Bilt, The Netherlands

2|nstitute of Environmental Physics (IFE), University of Bremen, PO Box 330440, 28334 Bremen, Germany
3National Institute for Public Health and the Environment (RIVM), Bilthoven, The Netherlands

4NIWA, Environmental Research Institute, Ann-Arbor, Ml 48108, USA

SDeutscher Wetterdienst, Meteorologisches Observatorium, Albin SchwaigerWeg 10, 82383 Hohenpeissenberg, Germany
6Service d’Aeronomie — CNRS, Institut Pierre Simon Laplace, 4 Place Jussieu, 75252 Paris Cedex 05, France
"Norwegian Institute for Air Research (NILU), Polar Environmental Centre, Tromsoe, Norway

8MK, Forschungszentrum Karlsruhe and UniveasiKarlsruhe, Germany

9NASA-JPL, Wrightwood (CA) USA

10Atmospheric Environment Division, National Institute for Environmental Studies, 16-2, Onogawa, Tsukuba, Ibaraki
305-8506, Japan

Huniversity of Massachusetts, USA

125cience and Application International Corporation, Hampton (VA), USA

I3NASA-Langley Research Center, MS 475, Hampton (VA), 23681, USA

Received: 6 April 2005 — Published in Atmos. Chem. Phys. Discuss.: 14 July 2005
Revised: 20 December 2005 — Accepted: 6 January 2006 — Published: 26 January 2006

Abstract. We discuss the quality of the two available SCIA- 1 Introduction

MACHY limb ozone profile products. They were retrieved

with the University of Bremen IFE’s algorithm version 1.61 SCIAMACHY (SCanning Imaging Absorption spectroMe-
(hereafter IFE), and the official ESA offline algorithm (here- ter for Atmospheric CartograpHY) is a limb and nadir mode
after OL) versions 2.4 and 2.5. The ozone profiles were comviewing satellite instrument, which also has the possibil-
pared to a suite of correlative measurements from groundity to do occultation measurements, that measures the Earth
based lidar and microwave, sondes, SAGE Il and SAGE lllreflectance between 240 and 2380 nBoensmann et al.
(Stratospheric Aerosol and Gas Experiment). 1999.

To correct for the expected Envisat pointing errors, which |4 the limb mode, horizontal scans of the Earth’s atmo-
have not been corrected implicitly in either of the algorithms, sphere from about 3 to +92 km are made, with 3.3 km ver-
we applied a constant altitude shift efl.5km to the SCIA-  tica intervals. Thirteen of these scans are used for ozone
MACHY ozone profiles. profile retrieval.

The IFE ozone profile data between 16 and 40 km are bi- Two SCIAMACHY limb ozone profile products are cur-

asgd IIOW bi; 3:16(;%' _The a\;elrggebdifferenc;opro:;ilgz Eave E?ently available, both are discussed in this paper. Retrievals
typ\)/l\(/:a sr,]tan ?]r ewatm;]n 0 200/0 fet;]Ne(;rg:l AI\?XCHY n:f have been developed by these two groups: The Institute for
e show that more than o of the O Environmental Physics in Bremen (IFE), who developed an

cial E?A_ofﬂine (OL) ;)zone profilefs \;]ersion 24 anc;ll26f58;1?ve unofficial SCIAMACHY product (often referred to as “scien-
unrealistic ozone values, most of these are nort tific product” within the SCIAMACHY community) and the

The remaining OL profiles compare well to correlative in- DLR in Oberpfaffenhofen, who developed the official ESA
struments above 24 km. Between 20 and 24 km, they under- ’

offline algorithm.
estimate ozone by H5%. . I .
y 0 The retrieved ozone profile is a smoothed version of the

true profile. The smoothing is described by the averaging
kernel matrix in combination with the a priori profile, in the
sense that every element of the retrieved profile is the a priori
Correspondence tdA. J. M. Piters value plus a weighted average of differences between true
(piters@knmi.nl) and a priori at several heights.
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T T T the OL data sets, we will only consider the ozone profiles
80 orbit 1 09609 T

T

pixel : 0574 ] in units of number density (which we derive from the listed
time  : 2004/01/01 09:11 partial columns) against altitude. Averaging kernels for the
ol lat, lon @ 42.6, 17.9 | offline algorithm are not contained in the product or publicly

m)

available.

In an earlier paper, validation of the offline algorithm ver-
sion 2.1 applied to the validation reference data set (383 se-
lected SCIAMACHY limb states from 18 July through 16
December 2002), and the IFE algorithm version 1.6, applied
to available level O states between July and December 2002

true' height (k
S
o
T

] was discussed based on comparisons to correlative instru-
ments Brinksma et al. 2004). Conclusions were that the
0' L OL2.1 as well as IFE1.6 profiles agreed within about 10%

0.2 0.0 0.2 u.?ifau 0.6 0.8 1.0 for the 20-40 km region when compared with groundbased
data, and within about 20% when compared with satellite
Fig. 1. Example of averaging kernels used in the IFE1.61 ozonedata. However, the standard deviations on the differences be-
profile retrievals (mid latitude, 1 January, for details see legendtween SCIAMACHY and correlative instruments were rather
within the figure). The averaging kernels are defined on a fixedlarge (10-40%). The results were dominated by uncertainties
vertical grid with resolution of about 3km up to 50km, and 5km in the altitude assignment, caused by Envisat pointing inac-
above. curacies, which are discussed in Sext.Another problem
was that the data set was too small to get good statistics. In
Figurel shows an example of the averaging kernels for thethe current paper, we present the status of the most recent
IFE product. Evidently, the limb retrieval has a high vertical algorithm versions, based on recent SCIAMACHY measure-
resolution (sharp averaging kernels), especially around thenents in which the pointing problem should be less.
0zone maximum at approximately 20 km. A number of more recent validation studies on IFE version
The squares in FidL show the altitude assignment of each 1.6 have been performedBracher et al(2005 compared
of the elements in the ozone profile. Between 15 and 45 kmFE1.6 data from October and November 2003 with MIPAS-
the kernels peak at the assigned altitude of a profile elementMK and GOMOS-ACRI data products. The three retrievals
SCIAMACHY is insensitive to ozone below 12 km, which is mutually agreed within 15% between 22 and 38 km. Com-
reflected in the averaging kernel shapes in BigThe IFE  parisons with ozone sondes [8egers et al(2005 show
retrieval takes into account some layers below that altitudethat IFE1.6 and sondes differ 10-15% in the 10-30km
in order to obtain smooth tropospheric profiles. This is evi-range, after application of an overal shift of 2km to cor-
dently not measurement information. rect for the pointing error. The analysed period is August—
IFE limb ozone profile retrievals are based on the Chap-December 2002. They also showed that the gradients in
puis bands of ozones/¢n Savigny et al.20053, which are  ozone (below as well as above the ozone number density
in the visible wavelengths. Retrievals are performed frommaximum) were too steepPalm et al.(2005 compared
SCIAMACHY level 0 files using the SCIARAYS radiative IFE1.6 data between August 2002 and August 2003 with
transfer modellaiser, 2001). One ozone profile per SCIA- two microwave radiometers in Bremen and Pﬁlgesund and
MACHY state is retrieved, in units of number density against concluded that they agree within the expected covariance of
altitude. Averaging kernels are provided. For the a priori pro-the intercomparison, after shifting the SCIAMACHY pro-
files, the SBUV climatologyNicPeters1993 is used. files downward with 1.5km. A preliminary comparison
ESA offline DLR retrievals (hereafter OL) are based on with FTIR for only a few collocations showed large devia-
ozone absorption exclusively in the ultraviolet window of tions, especially below 20 km. Comparisons of IFE1.6 data
319-333nm. Four ozone profiles per state are retrievedwith ASUR measurements for 11 flights in September 2002,
The available data consist of the 2002 data described ifFebruary 2003 and March 200Rttipurath et al, 2004 re-
Brinksma et al.(2004), and two recent subsets: data be- sultin deviations ranging from12 to+15% between 20 and
tween 20 September 2004 and 27 November 2004 (hereaftetO km, after subtraction of a constant positive bias of 12%
OL2.4) and data from 7 December 2004 and onward (in thisin the ASUR data. The pointing error in this study was ac-
paper through 17 February, hereafter OL2.5). Although thecounted for by applying a retrieved tangent height error fol-
version numbers differ, the processor and all inputs relevantowing Kaiser et al(2004). De Clercq et al(2004 compared
for ozone profile retrievals were identical (S. Hilgers, DLR, IFE1.6 data between July and December 2002 with measure-
personal communication, 2005). These data are relatively rements from ozone sondes, lidars and microwave radiome-
cent at the time of writing, hence the number of collocationsters. Deviations between 18 and 40 km range fre80%
with ground and balloon instruments is limited, because forto +30%, which is mainly caused by Envisat's altitude regis-
many locations, data were not yet available in databases. Fdration error (see Sec®).
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Recently, data processed with a newer algorithm, namely 3 T T T T T
IFE version 1.61, have become available. Since these dat:
are considerably different from the previous version, we will 2
limit the discussion to version 1.61 only. The validated data
set consists of five months of data (all available orbits during
January, March, May, September, and November 2004).

S

-
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2 Envisat pointing

optimal vertical shift

A study of the Envisat pointing accuracy showed that differ-

ences of up to 3km were found between the on-board orbit
propagator and the retrieved pointing (from the UV limb ra-
diances) for the period up to December 2083iger et al.
2004). This was confirmed in the studies D& Clercq et al.
(2009 and Segers et al(2005 who estimated the shift by
optimising the correlation of the SCIAMACHY profiles, ap- Fig. 2. Individual altitude shifts that would optimize the correlation
plying different altitude shifts, with ground-based measure-between IFE profiles and ozone sondes.

ments. The tangent height retrieval for 20@r{f Savigny

et al, 20058 showed that even after the Envisat orbit model
improvement in December 2003 an offset of about 1 km is
present in the SCIAMACHY level 1 data sets, with the re-
sulting pointing systematically too high. Indications for a
seasonal (sinusoidal) variation with an amplitude of about
220 m were found in 2004. Compared to the amplitude be-
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Table 1. Correlative data sets used in this paper. Listed are the num-
ber of stations (left) and the number of collocations (right). Collo-
cation criteria are given in Seeat.1

Instrument IFE1.61 0OL2.4/2.5

fore December 2003 of about 800 m this is a significant im- Lidar 6 363 6 278

provement. Several further pointing anomalies due to, e.g., Microwave 3 107 2 49

star tracker failure etc. were found, but none of them oc- Sondes 7 30

curred during the months considered here. More information SAGE Il 884 350
SAGE Il 1071

on the spatial and temporal variation of the tangent height
errors can be found irvén Savigny et a].2005h).

The best way to correct for the error caused by the pointing
inaccuracy, would be to correct before or during the retrieval.

However, neither the IFE nor the OL data described in thistimal individual shifts are shown in Fi@. The spread in
paper have implicit pointing corrections. There is a need tothe shifts is much larger than the expected variation in the

correct at least in a provisional way, in order to be able toP0inting inaccuracy. This should be expected, because dif-

assess as well as possible the quality of the SCIAMACHY ferences between .so_ndes and SCIAMACHY prqfllgs are not

ozone profiles. An earlier validation pap@rinksma et al. ~ ©Only caused by pointing errors. The average shift is approx-

2004), that covered ozone profiles in the second half of 2002,/mately —1.5 km. Therefore we chose this value for the con-

was inconclusive due to the Envisat platform pointing inac- Stant altitude shiftin this paper.

curacy. The reason is that errors in altitude and errors in

0zone concentration cannot always be distinguished.
Since the variation on the pointing inaccuracy itself is typ-

ically only 220m gon Savigny et aJ.2005D, it is reason-  ap gverview of the correlative data sets used to study the
able to apply a constant altitude shift to the SCIAMACHY  ¢,5iity of the IFE and OL data is presented in Tablewe
profiles before the comparisons are performed. Sensitivityy, not discuss the validation based on airborne campaigns
studies with the IFE retrieval code showed that for tangent.qqucted in 2002 and 2008 ttipurath et al, 2004, be-

height offsets of less than about 4 km, the difference between.;,,se no SCIAMACHY profiles were retrieved with version
shifting the retrieved profile and a proper tangent height corrg1 61 or OL 2.4/2.5 in that timespan.

rection before the retrieval is only a few percent for altitudes
between 15 and 40 km. 3.1 Lidar

In order to find the appropriate value for this shift, we
optimised the correlation between individual ozone sondesStratospheric ozone profiles measured by the lidars at pri-
and the IFE profiles by applying different shifts, similar as mary NDSC sites are regularly compared to measurements
was done bySegers et al(2005. The resulting most op- by other instruments, and also to a travelling lidar. This

3 Correlative data sets

www.atmos-chem-phys.org/acp/6/197/ Atmos. Chem. Phys., 620872006
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measurements of the rotational transmission line at 273 GHz.
The typical integration time for one profile is about 1 h and
the uncertainty in the retrieved profiles due to standing waves

Table 2. Locations of lidar sites used in this paper.

Location lat lon and systematic errors amounts to at least 1 pgftopp et al,
Alomar 69.3 16.0 2003. Errors due to thermal noise are almost negligible due
Hohenpeissenberg 47.8 11.0 to the integration of the measured spectra.
Observatoire Haute Provence  43.9 5.7
Tsukuba 36.1 140.1
Table Mountain 344 -117.7 3.3 Sondes
Mauna Loa 195 -155.6
Lauder —45.0 169.7

Balloon based ozone sondes are launched on a regular ba-
sis from globally distributed stations. A sonde samples the
atmosphere up to about 30 km with a resolution of ten to
ensures their high quality measurements (eMrPeters et  hundred meters, depending on the balloon and sonde type.
al., 1999 McDermid et al, 1998. Typical accuracies for Ozone is measured using electro chemical cells. In a com-
stratospheric ozone lidar instruments are 2% for the 20 tgparison study byMcPeters et al(1999 it was shown that
35km region, and 5-10% for other altitudes (eKpckhut  due to uncertainties in the composition of the chemical so-
et al, 2004. Lidar profiles are reported with a resolution lutions, the ozone measurements from two individual sondes
of 300 m, however the correlation length is typically a few could show a difference of 1-2%, and that sondes agree with
kilometers (ranging from at least 1 km in the tropopause to afidar, microwave and other measurements within 5% in the
most 8 km at 50 km. 20-45 km region.

Lidar measurements were taken at various midlatitude and
one tropical locations, see Talfle
3.4 SAGEI

3.2 Microwave instruments

321 Mauna Loa and Lauder Microwave The longest record of satellite high-resolution profile mea-
surements has been made by the solar occultation instru-

The instruments are groundbased microwave spectrometef§ent Stratospheric Aerosol and Gas Experiment (SAGE 1I)
observing atmospheric thermal emission at 110.8 GHz. The)y\/hmh was launched on the Earth Radiation Budget Satellite
record the spectral lineshape of an ozone rotational transitiohERBS) in October 1984 and is still operational and collect-
every 20 min at about 20to 20° elevation. Observations ing data. SAGE Il uses solar occultation to measure the atten-
continue 24 h a day whenever weather permits. An ozondlation of solar radiation between the satellitécCormick
mixing ratio profile (in ppmv) from 56 hPa to 0.05hPa (or 1987. The inversion uses the “onion-peeling” approach to
20—68 km) is retrieved for every 4—6 h period, day and night,yield 1-km vertical resolution ozone profiles with a horizon-
using a semi-empirical optimal estimation retrieval method.tal resolution of about 200 kmMauldin et al, 1985 Chu
Reference temperature and pressure profiles are used in daghal. 1989. SAGE Il has a repeat cycle of slightly more
retrievals and in ozone mixing ratio to number density con-than a month and a vertical resolution of about 1 km. From
versions reported in the data set. Stratospheric (and mes®AGE Il measurements ozone number concentrations at the
spheric) ozone profiles measured by microwaves at Maun&-60um wavelength channel are derived (focusing on 15—
Loa and Lauder are regularly validated within the framework 60 km). Accuracy and precision for the previous version of
of NDSC. Their precision is 4-6%, accuracy 5-9% for night- SAGE Il (version 6.1) are characterisedWang et al(2002

time ozone profiles and daytime ozone profiles in the strato-at 16 and 53km with an acccuracy between 5 and 7% and a
sphere Parrish et a.1992 Connor et al.1995. Resolution ~ Precision between 3.2 and 6.7%. Validation\tiang et al.

is 6—10 km below 3 hPa (about 40 km altitude) and increase$§2002 shows an agreement within 10% of SAGE Il profiles

to 15 km at 0.05 hPa (about 70 km altitude). with ozone sonde measurements from the tropopause up to
30km. SAGE Il v6.1 profiles slightly overestimate (less than
3.2.2 Meérida Microwave 5%) ozone between 15 to 20 km. Extensive validation of an

older version of SAGE Il (version 5.96) show SAGE Il to
The ground-based microwave radiometer MIRA 2 has beerbe within 7% at 20 to 50 km with correlative measurements
in operation on Pico Espejo nearékida, Venezuela, since (Cunnold et al.1989. The version 6.2 of SAGE Il was im-
March 2004. The instrument covers the frequency rangeproved in respect to the previous version by adjustment to the
268-281 GHz and and is capable to measure volume mixingerosol clearing and by the correction of channels 520 and
ratio profiles of ozone, CIO, HN§) and NO. Ozone verti- 1020 nm for absorption of the oxygen dimer (information on
cal profiles in the vertical range 20—65 km are retrieved fromSAGE Il can be found dtttp://www-sage2.larc.nasa.gov

Atmos. Chem. Phys., 6, 19289, 2006 www.atmos-chem-phys.org/acp/6/197/
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Fig. 3. Averaged profiles with their standard deviations (dashed lines) and errors (horizontal dashes) are shown in the left panel. In the right

panel, average relative differences with respect to lidar are shown as solid line, with the error on this average (defined as standard deviatior
of the differences divided by the square root of the number of lidar profiles (145), horizontal dashes) and the standard deviations (dashed
lines). The dotted line between 16 and 40 km denotes the value of the average3sag that altitude region. An altitude shift ef1.5 km

has been applied to the IFE data.

3.5 SAGEI dividual measurement (except for comparisons with lidar,
where one lidar measurement was allowed to be collocated

The Stratospheric Aerosol and Gas Experiment Il with multiple IFE profiles, as long as the collocation criteria

(SAGE lll) was launched on 10 December 2001. Thewere met). The number of collocation profiles for the differ-

instrument makes use of solar-occultation measurementsnt correlative data sets are given in Tahle

similar to those described for SAGE Il above. SAGE llI

solar products (version 3.0) were released in mid 20044 2 validation results

and this is the version used in this paper. They have been

intercompared with the SAGE Il, HALOE, POAM Il his subsection, we will first present comparisons in which

satellite instrument, and with sondes and groundbased,erages were made over multiple location, and then show a
instruments. Compared with SAGE I, a difference of 1-2% o, examples at unique locations.

. ) o
n th_e northern hemisphere, and about 3% n the southern Collocations between lidar and IFE are found only at mid-
hemisphere is found. These errors are independent olf

. atitudes and one tropical location. Averaged over all collo-
altitude (Taha et al. 2004. cations, we conclude that the IFE ozone profiles are lower
than the lidar profiles by about 3% (16—40 km; see Big.

4 SCIAMACHY IFE ozone profile validation The average difference profile has a zigzag shape with max-
ima around 31 and 24 km, minima around 40, 20 and 27 km,
4.1 Validation approach the value varying betweer10% and +10%. This shape

stems from an oscillation in the IFE ozone profiles, which are
IFE ozone profile data retrieved from all available level 0 likely a consequence of the fact that the air volumes sampled
orbits during January, March, May, September, and Novem-by SCIAMACHY at different tangent heights are not exactly
ber 2004 were compared with groundbased lidar, microwavedligned vertically. The maximum ozone number densities are
radiometer, and sondes. They were also compared witfin general too high (about 8%) compared to the lidar ozone
SAGE Il and SAGE Ill data. Collocation criteria were a max- profiles. In the lower stratosphere (18-23 km), the IFE o0zone
imum distance of 1000 km, and maximum time difference of concentrations are too low.
12 h (20 h for nighttime instruments) between SCIAMACHY  IFE data were also compared with SAGE Il data, results
overpass and correlative measurement. For SAGE lll, theare shown in Fig4. This was done both for the original
distance criterion was replaced by [atitude and 10 lon- SAGE data, as well as for SAGE data that were convolved us-
gitude. Within these limits, the nearest match between thdng the IFE averaging kernels and a prioris. SAGE Il colloca-
SCIAMACHY and correlative data was selected for each in- tions with IFE are mostly between 8 and 60 N, with only

www.atmos-chem-phys.org/acp/6/197/ Atmos. Chem. Phys., 620872006
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Fig. 4. As Fig. 3, but now with respect to SAGE Il (884 collocations). For SAGE I, original profiles are shown, as well as profiles convolved
with the IFE averaging kernels using also the IFE a priori profiles.
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Fig. 5. As Fig. 4, but now with respect to SAGE Il (1071 collocations).

afew collocations in the polar regions. Averaged over all col-struments indicate that SAGE Il is biased with respect to
locations, we see that IFE is about 6% lower than SAGE IISAGE II: SAGE Ill ozone number densities are 2% higher
(averaged over 16—-40km), with averaging kernels appliedbetween 15-40 km, SAGE Il has a known bias below 15 km
Best results are found between 30 and 35 km. (see Sect3.5).

As in the comparisons with lidar, we see the characteristic The average difference between IFE1.61 and SAGE-II
profile shape with IFE ozone number densities often too lowprofiles depends on the solar zenith angle (sza) of the SCIA-
around 27 km (7%). In the lower stratosphere (18-22 km),MACHY measurement. In Fig6, where comparisons are
again the IFE ozone concentrations are too low, in compargrouped into 10 sza bands, evidently the characteristic
isons with SAGE Il also between 16 and 18 km. zigzag shape is present for all sza ranges, with a slight varia-

Figure5 shows comparisons with SAGE Ill. This compar- tion in the altitude of the maxima and minima within 2 km.
ison results in a larger bias-0% between 16 and 40 km)
than the comparison with SAGE Il (both with averaging ker- — For sza between S0and 90, the average IFE1.61
nels applied). Intercomparisons between the two SAGE in- ozone number densities are smaller than the SAGE-II

Atmos. Chem. Phys., 6, 19289, 2006 www.atmos-chem-phys.org/acp/6/197/
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Fig. 6. Shown here are comparisons between IFE1.61 and SAGE II, convolved with the IFE averaging kernels, grouped into 10 degree solar
zenith angle bands (which are shown on top of the plots). The number of collocations ‘n’ are indicated in each plot.
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Fig. 6. Continued.

values almost everywhere between 15 and 40km. The — For sza between 4@nd 50, there is no significant dif-
average difference profiles are rather flat, with values ference between IFE1.61 and SAGE-II profiles between
ranging from—210% to O, except for the lower levels of 23 and 37 km, where the zigzag shape is absent. Below
profiles with sza above 80+15% at 16 km) and with 23 km the difference grows te30% at 17 km.
sza between 50and 60 (—25% at 17 km).
We also grouped comparisons with lidar into solar zenith
angle groups, namely below 356 collocations), 36-60°
— For sza between 2@nd 40 the IFE1.61 profiles are on (235 collocations), and 6890 (72 collocations). Solar
average closer to the SAGE-II profiles. The average dezenith angles below 30and between 30and 60 give re-
viation is —1.7% between 20 and 40 km, but the peaks sults that are very similar to those shown in BgThe 60—
in the difference profile just below the ozone maximum 90° sza’s show worse results, with IFE results biased low by
are more pronounced, ranging frorl8% at 20km to 7% over the 15-40 km region.
+7% at 24 km. Below 18 km the positive difference be- When looking for a latitude dependence, we see some-
comes rapidly larger. thing similar, midlatitude results are biased low by about
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Fig. 7. As Fig. 3, but now with respect to lidar and microwave, and only for the Mauna Loa location (44 lidar-microwave-SCIAMACHY
collocations).
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Fig. 8. As Fig. 3, but now with respect to microwave, only for the Merida (Venezuela) location, 15 collocations. ‘Unsmoothed data’ refer
to comparison between original IFE and microwave results, ‘smoothed data’ refer to a comparison where IFE data were smoothed using the
microwave radiometer averaging kernels.

7% (15-40km, 257 Collocatlons)., trOp'CaI_ results (Coma'n' Table 3. Numbers of OL profiles with extreme values (either below
ing only Mauna Loa) are not consistently biased but do differ e or above 8.01012cm=3).

significantly from the lidar data (one sigma level, 106 collo-

cations). In Fig.7, we show IFE data over Mauna Loa that

were collocated with lidar as well as microwave measure-
mens, and therefore have fewer collocations (44). There is no [30,90] 2725 206 (7.5%) 972 (35%)
significantly different result with respect to microwave than (-1530] ~ 4938 2935 (60%) O (0%)
there is with respect to lidar. In Fi@, an example of com- (90, —15 11127 59 (0.5%) 1 (0%)

parisons at another tropical location ékida, Venezuela) is

shown. These comparisons are not consistent with those at

Mauna Loa above 37 km.

lats total min<0.0 max>8.0
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number densities (see the remarks in Appendix A). The col-
location criteria were the same as those for the IFE data.

For the OL data, unlike the IFE data, four SCIAMACHY
profiles are retrieved within one state.

5.1 \Verification of SCIAMACHY offline data

Verification of the OL data shows that within the current
data set, about 35% of the retrieved profiles at latitudes north
of 30° N show unrealistically high ozone concentrations be-
tween about 15 and 25 km. Also, about 7.5% of the profiles
north of 30 N, and 60% of the profiles between°lS and
; : s 30° N, show negative values around the tropopause region.
o jﬁ*ﬂ Detailed numbers are shown in Tal3le
— : In Fig. 9, bottom panel, we show examples of such unre-

At 020nc extrems (172 moloc om-3) gt alistic profiles for one orbit, and in the top panel we show
-2.5-2.0-1.5|:-|1.(|)__-|0.5|>:| o.oE] s.go.gz.c;lz;.!;le.(!&o at which locations this type of profile was found, with an
indication of the most extreme (either negative or positive)
value. Note that if a profile was realistic, it is not plotted. We
were not able to find what caused these retrieval errors, we
only verified that there was no link to ground albedo (which
was assumed to be 0.3 across the globe) or to the “state IDs”
(which are settings for the integration time and number of
spectra taken per tangent height). Evidently, there is a clear
latitude dependence (see Tal3e Also a longitudinal de-
pendence was found, extreme positive values abovéN30
were found over Asia and the Atlantic (see Fg), but al-
most never over Europe or North America.

OL2.5 and the a priori profiles used in this retrieval
were both compared with collocated sondes between 40 and

iy

50 —————————————————————————
orbit 14500

40

30

height (km)

20

L L O
s b b bv i

10 e e e 70° N. The OL data set was first filtered to remove all profiles
atitude ozone number density (1e12 molec cm-3) deg that had either ozone number densities below zero or above
BEED DD DOEEEL] 8x10'2cm3. Also the collocated correlative data for these
%0 -75 -60 -45 30 -15 0 15 30 45 60 75 90 cases were filtered out. The results are shown inFgthe

a prioris compare better with sondes than the retrieval. In the
Fig. 9. Most extreme ozone concentration retrieved per profile, aswavelength WmeW_ Whgre the retrieval is performed (319~
a function of location (top panel). Of the overplotted orbit (black 333 M) almost no light is returned from the atmosphere be-

crosses), all ozone profiles are shown in the bottom panel, wherdOW about 24 km (this height depends on latitude and time of
colour indicates their latitude. year), which is evident from radiative transfer studies, e.g.,

seeFlittner et al.(2000, that show weighting functions at
322 nm. This might explain the result.

There were no significantly different validation results  From Fig.10 it is not clear whether the match between
found between each of the five months for which the IFE sondes and retrieval above 27 km is a coincidence or a re-
data were retrieved. trieval result. The average of the unshifted retrievals almost

perfectly match the average a priori, and the average a priori
is shifted about 1.5 km with respect to the average sonde pro-
5 SCIAMACHY offline ozone profile verification and file. So even if the retrieval would just return the a priori the
validation match to the sondes would be good.

The data set discussed here consists of OL2.4 (2(%.2 Validation of SCIAMACHY offline data

September-27 November 2004) and OL 2.5 (7 December

2004 and onward, in this paper, through 17 February 2005)As was outlined in Sec®, we chose to apply a downward
Although the data are given in terms of partial columns asshift of 1.5 km to all SCIAMACHY data to correct provision-
well as mixing ratios as a function of altitude and pressure,ally for the Envisat pointing inaccuracy. To assess the qual-
we will only use the partial columns, and convert these toity of the OL2.4 and OL2.5 data above 24 km, comparisons
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Fig. 10. Comparison of collocated OL2.5 (with and without-4.5 km shift applied) and sonde ozone profiles in the Northern Hemisphere
(40-70C N). Averaged ozone profiles and the averaged a prioris used in the OL retrieval are shown in the left panel, percent differences with
respect to sondes are shown in the right panel. Dashed lines indicate one standard deviation divided by the square root of the number (30) o
collocations. Evidently, the OL2.5 data compare worse than their own a prioris for altitudes of 24 km and lower.

with groundbased lidar and microwave were made, as wella$® Conclusions and outlook
with SAGE Il. Averaging kernels were not available. Outliers
like those discussed in the previous subsection were removeWe validated the SCIAMACHY ozone profiles retrieved us-
from the averages. Results below 24 km confirm that theing the IFE algorithm version 1.61 with various correlative
ozone maximum is underestimated (by up to 20% at 20 km)instruments. The standard deviation of the differences is typ-
In Fig. 11 we show comparisons of OL2.4 and OL2.5 (to- ically 10% between 20 and 35km. The IFE profiles are bi-
gether) with lidar. The number of collocations was 86 andased low by 3 to 6% with respect to lidar and SAGE I, re-
192, respectively. We see that OL profiles above 24 km agregpectively. There is a solar zenith angle dependence in these
with lidar results to within 2. They disagree significantly ~results, which is discussed in detail. For solar zenith angles
between 20 and 24 km (#5% too low). below 30 (typically in the tropics) the average bias between
These results are consistent with comparisons performed0 and 40 km is-1.7% compared to SAGE II.
with SAGE Il and microwave (not shown). A similar latitude ~ The IFE algorithm is under development. A future version
dependence that was described for the IFE data (8edt.  Will probably include a radiative-transfer based correction for
was evident from the OL (2.4. and 2.5 together) to SAGE I the inaccurate Envisat pointing, which was described in an
comparisons: at the NH mid latitudes, SCIA OL profiles earlier paperKaiser et al. 2009
seem to deviate more than in the other regions. Retrievals More than 20% of the OL ozone profiles version 2.4 and
in the SH do not show this latitude dependence. 2.5 have unrealistic ozone values, most of these are north of
The retrieval above 40 km and below 15 km will stay close 15° S. The remaining OL profiles compare well to lidar and
to the a priori. It is therefore expected that the altitude shift SAGE Il above 24 km. Between 20 and 24 km, they under-
applied to the retrieved profile causes the ozone values to b@stimate ozone by H%%. There are indications that the
smaller than the a priori above 40km, and larger than the'etrieval is very restrained to the a priori. A new offline al-
a priori below 15km. When we assume that the a priori is gorithm is currently under development (DLR, private com-
close to the true profile for these heights, we would expect thénunication, 2005). In this new OL algorithm, a different fit
altitude shifted SCIAMACHY profile to have smaller values Window, similar to that now used in the IFE algorithm, will
than the true profile above 40 km, and larger values than thé€ applied.
true profile below 15 km. This is indeed what can be seen in
Figs.10and11.
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Fig. 11. As Fig. 3, but here OL data versions 2.4 and 2.5 (together) are compared with 42 collocated lidar profiles.
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