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Abstract.  Global distributions of profiles of sulphur upward transport during fall in October/November (NH) and
hexafluoride (SE) have been retrieved from limb emission April/May (SH), respectively, with small latitudinal gradi-
spectra recorded by the Michelson Interferometer for Passivents, immediately before the new polar vortex starts to form.
Atmospheric Sounding (MIPAS) on Envisat covering the pe- The mean age distributions further confirm that $¢de-

riod September 2002 to March 2004. IndividualgSsto- stroyed in the mesosphere to a considerable degree. Model
files have a precision of 0.5 pptv below 25 km altitude and calculations with the Karlsruhe simulation model of the mid-

a vertical resolution of 4—6 km up to 35km altitude. These dle atmosphere (KASIMA) chemical transport model agree
data have been validated versus in situ observations obtainedell with observed global distributions of the mean age only
during balloon flights of a cryogenic whole-air sampler. For if the Sk sink reactions in the mesosphere are included in
the tropical troposphere a trend of 0.23D008 pptv/yr has  the model.

been derived from the MIPAS data, which is in excellent
agreement with the trend from ground-based flask and in situ
measurements from the National Oceanic and Atmospheric )
Administration Earth System Research Laboratory, Globall ~Introduction

Monitoring Division. For the data set currently available, ) o i i
based on at least three days of data per month, monthly sAccording to model predictions, climate change is expected

latitude mean values have & Btandard error of 1%. From (© intensify the Brewer-Dobson circulation (e.g. Buchart et
the global SE distributions, global daily and monthly distri- &l-» 2006; Austin and Li, 2006). This would mean that

butions of the apparent mean age of air are inferred by appliStratospheric air will become younger within a global warm-

cation of the tropical tropospheric trend derived from MIPAS INd scenario, providing feedback to stratospheric chemistry,
data. The inferred mean ages are provided for the full globef:9: the chlorine load¥augh et al.2007 Waugh and Hall

up to 90 N/S, and have adl standard error of 0.25yr. They 2002. A measure of the transport time of an air parcel trav-

range between 0 (near the tropical tropopause) and 7yeagling from the tropopause to a certain location in the strato-

(except for situations of mesospheric intrusions) and agrePhere is the so-called age of stratospheric ilg, 1983

well with earlier observations. The seasonal variation of the'Vaugh and Hall2003. Due to mixing, an air parcel con-
mean age of stratospheric air indicates episodes of severe iffiSts Of air of different ages, characterized by its age spec-
trusion of mesospheric air during each Northern and South'Um Waugh and Hajl2009). The average over the age
ern polar winter observed, long-lasting remnants of old, sub-distribution is known as the mean age of stratospheric air,
sided polar winter air over the spring and summer poles, and - AuStin and Li(200§ have demonstrated that the mean
a rather short period of mixing with midlatitude air and/or 29€ Of stratospheric air is a suitable measure for the inten-
sity of the Brewer-Dobson circulation or the upwelling flux.

) The mean age of air is lowest near the tropical tropopause
Correspondence taS. P. Stiller and increases both with latitude and altituda(igh and
BY (gabriele stiller@imk.fzk.de) Hall, 2002, reflecting the respective travelling times in the
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global circulation. The mean age of stratospheric air canthe NOAA/ESRL/GMD surface flask measurements. To our
be derived from trace species which are stable within theknowledge, no attempt has been made to derive the mean age
troposphere and stratosphere and have a considerable treofistratospheric air from this data set so far.

which is, in the ideal case, linear. One suitable tracer for the In this paper, we present an alternative approach to re-
measurement of the mean age of stratospheric air is sulphurieve Sk from MIPAS/Envisat spectral data. Our data anal-
hexafluoride (SE). It is produced almost entirely anthro- ysis is based on MIPAS high resolution spectra (ESA data
pogenically Ko et al, 1993, has a well documented tropo- version 4.61/62, so-called “re-processed” spectra) obtained
spheric increase and is chemically inert in the tropospherdrom September 2002 to March 2004. After the descrip-
and stratosphere. The tropospheric increase has been linetion of the retrieval approach and the data characterization in
for the last years and was consistent to a quadratic growtherms of vertical resolution and error budget, global distribu-
rate, with a very small quadratic term, however, before 1996tions of Sk are presented. We validate individual profiles by
(Geller et al, 1997. The only sinks to be considered are comparison to balloon-borne in situ observations. The trop-
photolysis and electron capture reactions in the mesospheiieal tropospheric yearly increase is derived and compared to
(Morris et al, 1995 Ravishankara et al1993 Reddmann  NOAA/ESRL/GMD surface in situ and flask measurements.
et al, 2007 leading to atmospheric lifetimes of several hun- The trend derived from the MIPAS measurements in combi-
dreds to thousands of yeaRRgvishankara et al1993 Mor- nation with the long running NOAA/ESRL/GMD time series
ris et al, 1995. The mean age of air derived from §I5 has been applied to infer the global distribution of mean age
generally in good agreement with that inferred from other of stratospheric airl". These data are compared to earlier
tracers except in the polar vortices where intrusions gf SF observations, and their variation with time, altitude and lat-
depleted mesospheric air may play a rdléa(gh and Hajl  itude is analysed. Finally we address the importance of the
2002. The mean age of air derived from &B&nd not cor-  mesospheric sink for age of air assessments frop SF

rected for the mesospheric loss is sometimes referred to as

the “apparent” mean age; whenever in this paper mean age

of air derived from measured $ mentioned, the apparent 2 MIPAS

mﬁgai%?e:fnrenrizn; SFand the mean age, in particular in The Michelson Interferometer for Passive Atmospheric
ge,Inp Sounding (MIPAS) is a mid-infrared Fourier transform limb

the stratosphere, have been rather sparse until now. Long- . .
S mission spectrometer designed and operated for measure-
term surface in situ and flask measurements from numer-

ous sites are provided by the National Oceanic and At—ment of atmospheng trgce s.p(-ac@ss(:her et al.2007. Its

i - ) spectral resolution in its original measurement mode was
mospheric Administration (NOAA) Earth System Research 1 . .

g L2 .~ 0.035 cnr+, corresponding to an effective spectral resolu-
Laboratory (ESRL), Global Monitoring Division (GMD) via . 1 : o .
. . tion of 0.05 cnT+ after numerical apodization with the Nor-

ftp://ftp.cmdl.noaa.gov/hats/st6An airborne data set mea- ton Beer “strong” apodization functiorNrton and Beer
sured during various NASA ER-2 flights during the period g ap <

. . 1976. It operated in this mode from March 2002 to March
1992-1997 prov!ded the most comprehensive .StratOSphenEOM. MIPAS is operated on the Envisat polar orbiting satel-
data set fol" derived from CQ and Sk observations cov-

ering all latitudes between 88l and 60 S, but only at one lite and records a rear-viewing limb sequence of 1'7 spectra
. . . . each 90s, corresponding to an along track sampling of ap-
altitude Boering et al. 1996 Elkins et al, 1996. Besides : - :
; . . proximately 500 km and providing about 1000 vertical pro-
these observations, few vertical profiles from balloon-borne,. o L .
. S : . files per day along 14 orbits in its original observation mode.
and airborne in situ and cryosampler instruments exXist (

drews et al.2001: Strunk et al, 2000 Ray et al, 1999 2002 The vertical tangent altitude spacing is 3km between 6 km

Volk et al, 1997 Engel et al.2006ab). A few spectroscopic _?_?]2 f’;vlv(r; :2;?2 Isrézgsilgguge :ﬁg%eu:gleg::tstois ;tu:g/(.:
measurements of §Hn the infrared have been performed 9 P y P P gency

from the groundZander et al. 1991 Rinsland et al.2003 (ESA) to produce calibrated geolocated limb emission spec-

an o h gac b msuments ATIOS on e Spac, S0leSlevl L cedletirdl 1009 afean iy
Shuttle Rinsland et al. 199Q Zander et al. 1992 Rins- ' b

land et al, 1993 and ACE-FTS on SCISATRinsland et al. in a reduced ;pectrgl resoluthn mode with a varl_ety of scan
2005 patterns providing different altitude coverage, horizontal and

RecentlyBurgess et al2004 2006 provided first global vertical samplln‘g. For this st:de, level 1-B version 4.61/62
) data (so-called “reprocessed” data) from September 2002 to
datasets of Sffrom Michelson Interferometer for Pas-
. : . . . March 2004 have been used.

sive Atmospheric Sounding/Environmental satellite (MI-

PAS/Envisat) spectral observations. They used MIPAS spec-

tral data versions 4.53 to 4.59 (so-called “near-real time

(NRT)” spectral data) for their analyses. ThegS#obal

distributions revealed the main expected features, however,

they were biased low by approximately 0.4 pptv compared to
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3 SkKgretrieval

1500 F

3.1 Retrieval strategy 1000
Retrievals presented here were carried out with the scientific .
MIPAS level 2 processor developed and operated by the In-
stitute of Meteorology and Climate Research (IMK) in Karl-
sruhe together with the Instituto de Asfisita de Andaluia

(IAA) in Granada. The general retrieval strategy, which is

a constrained multi-parameter non-linear least squares fitting __
of measured and modelled spectra, is described in detail in~
von Clarmann et al(2003agb). For radiative transfer mod-
elling, the Karlsruhe Optimized and Precise Radiative trans-
fer Algorithm (KOPRA) tiller et al, 2002 has been used.
Only aspects of specific interest in the context of the retrieval
of Sk are discussed here.

The most suitable Sfsignature in the mid infrared spec-
trum is the Q-branch of thes band at 947.9 cmt. The suit-
ability of this band was first demonstrated Rinsland et al.
(1990. Also, all space-borne measurements of 8fat we
are aware of rely on this band (ATMOS, ACE-FTS). In par-
ticular, Burgess et al2004 2006 used spectral ranges from
929 to 931 cr! and 940 to 952 cm! for their SK; retrievals
from MIPAS/Envisat. The main interfering species are;CO
H»0, and NH. The peak of the Sfsignature is located at
the near wing of the C®fundamental band (FB; 00012
10001) laser line at 947.74 cth and just above the first hot
band (FH; 0111%> 11101) laser line at 947.94 crh. Spec-
troscopic data from the dedicated MIPAS data bddeud
et al, 2003 which is largely identical to the HITRAN 2004
data baseRothman et a).2005 has been used. In particular,
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Fig. 1. Typical MIPAS spectrum (measured on 5 November 2003

t ¢ d d d SFsorDti at 12 km tangent altitude) (top), residual differences between mea-
emperature- and pressure-dependery Orption €ross o, rement and best-fit spectrum (middle), and trace species spectral

sections for the spectral range 925 to 955¢rand covering  congriputions (bottom). The bold horizontal line together with the
the atmospheric conditions of 180 to 295 K and 20 to 760 tortyertical lines in the top two panels indicate the spectral range used

as provided byaranasi et al(1994 have been applied. It within the retrievals. Main contributors are §fbold dashed red),

turned out that modelling of the line shapes of the interferingCO, FB laser band (blue, large spectral lines) and,@& laser

lines is extremely important for correct §Fetrievals. For  band lines (blue, small spectral lines), and water vapour (violet).

this reason, several actions have been taken to improve the

modelling of the spectral vicinity of the §band and these

will be described in the following paragraphs. Prior to the retrieval of Sg-volume mixing ratios (vmrs),
Scattering of tropospheric radiance into the MIPAS line of the following quantities were retrieved and the resulting pro-

sight by cloud particles was shown bippfner et al(2002) f|Ie§ were used as a priori mformapon in theGS‘étrleyaIs:

to have a considerable effect on the spectral line shapes, pa;e5|dual spectral Shlft,' instrument line shape correction, tem-

ticularly in the spectral region relevant to the¢Q#trieval. ~ Perature and line of sighv¢n Clarmann et al2003h, and

For this reason, specific care has been taken to exclude afiZone. NH and COR, emissions were also considered in the

spectra of particle-contaminated scenes from the data anawadlatlve transfer.mo.dellmg, using climatological profiles for

sis. Rejection of cloud/aerosol contaminated MIPAS spectrdN€se trace speciekigfer et al, 2002. The spectral range

was performed according to the colour ratio metho8péng ~ USed for Sk retrieval was 945.4 cmt to 948.5cm* (see

et al.(2004 who used the ratio of the spectral regions 788.2—Fig. 1). Simultaneously with S§& CO, and HO vmrs were

796.25 cnm! and 832.3-834.4 ¢, the so-called cloud in-  fetrieved in a multi-parameter retrieval approach. Beyond

dex Cl, to detect a cloud/aerosol signal in the spectra. InthiS; the background continuum emission and zero radiance

our study, a very rigorous cloud index of 6, which reliably cgllbratlon correction were rgtrleveq pmtly. The rationale of

excludes any spectra contaminated by cloud sig@ktthor this approach is discussed in detailvion Clarmann et al.

et al, 2006, has been applied (i.e. all spectra having a cloud(2003.

index of 6 or lower have been excluded from the retrievals).

www.atmos-chem-phys.net/8/677/2008/ Atmos. Chem. Phys., 868572008
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80 ‘ In the vicinity of the Sk signatures non-local thermody-
1 namic equilibrium (non-LTE) effects are an important issue

for the CQ lines (Lbpez-Puertas and Tay|d@001). To cor-

rect for these non-LTE emissions, but to keep the computa-
tional effort reasonably low, the CQines of the FB and the
FH laser band, respectively, have been modelled in a first-
order approach by retrieving a G@seudo-vmr, i.e. a vol-
ume mixing ratio which, under LTE assumption, causes the

(%]
o
T
|

— result

Altitude [km]
N
o
T
|

20~ - initial guess 7 same emission as the true €@mr under non-LTE. Since
— noise error 1 the two relevant bands are differently affected by non-LTE
ol ‘ ‘ ‘ i ] effects, the lines of the two bands were handled formally as
0 1107 2:107°  3107° 4107° 5107° if they belonged to different trace species. In order to con-
vmr [ppmv] strain the CQ line of the FH laser band just below the SF
80 o ohumns of A g0 (oS of A signature, further lines of the same band near 9454'¢m
946.7 cnt!, and 947.1 cm?® were also fitted. An example of
o0 o0 measured and best-fit spectra, together with the assignment

of the trace species spectral signatures is shown inFig.

Due to non-linearity effects in radiative transfer, adjusting
the vmrs to fit a spectral line instead of adjusting the non-
LTE vibrational populations of the molecular states is only
an approximation. The systematic errors introduced by this

Altitude [km]
o
o
Altitude [km]
o
o

20 20 approach are discussed in S&2
The retrieval is performed on an altitude grid of 1 km step
oll 0 widths up to 44 km and 2—20 km steps above, and is regular-

0.0 Avgéging-ﬁemgf 0.0 Avg};gmg-lfemgl-3 ized by a Tikhonov-type constraint which adds to the objec-
tive function of the least squares fit a penalty which keeps
the differences of mixing ratios at adjacent altitudes reason-
ably small Tikhonoy, 1963 Steck and von Clarmang001;
Steck 2009. This is achieved by using a smoothness con-
straint matrix of the typeyLILl wherey is a scaling factor
andL 1 is a first order finite differences operator. The use
of the latter does not constrain the column information but
only how this information is distributed over altitude and,
thus, provides a bias-free retrieval. A typical profile is pre-
sented in Fig2, upper panel, together with its uncertainties
due to measurement noise. The regularization strength has
been adjusted such that about 4 degrees of freedom are ob-
tained within the altitude range 8-35 km, resulting in a ver-
tical resolution of 4 km near the tropopause and 8 km above
35km (see Fig2, middle panel). In order not to introduce
any artifacts in the profile structure, an all-zero flat a priori
Fig. 2. Typical profile (top), columns and rows of the averaging profile has been used, which acts, along with the first order
kernel (middle), and relative error budget (in percent) (bottom), for differences regularization operator, only as a smoothing con-
a measurement of 5 November 2003. All spectra below 12.7 kmstraint. Initial guess profiles in our retrievals are distinct from
havg been exgluded from the retrieval because of cloud contame, o 5 priori profiles and stem from a climatologgiéfer et
ination (cloud index less than or equal to 6). Error sources as-

) ; A al., 2002. Since we iterate until convergence is achieved, the
sessed are measurement noise (noise),the uncertainties in temper-

ature (tem), line-of-sight (los) (from preceding retrievals), ;\NH initial guess pro_flles have no mﬂ.uence on the results.
(nh3)(from climatological variability), and horizontal temperature Error estimation is based on linear theory as suggested by

gradients (tgra), residual uncertainties in radiometric (gain) and fre-R0dgers(2000. The error budget of the profile in Fi@.
quency shift calibration (shift), and residual uncertainties in the in-iS provided in the third panel. The error budget includes
strumental line shape (ils). The quadratic sum of all errors excepthe mapping of the measurement noise on the retrieved vol-
measurement noise is given by the black dashed line (param), whileime mixing ratios as well as the propagation of uncertainties
the quadratic sum over all error sources is given by the black solidof model parameters onto the result. Up to approximately
line (total). 25km, the total uncertainty in the §Fmr profiles is 0.4

to 0.5 pptv (9 to 17%), with the measurement noise as the

Altitude [km]

Rel. error [%]
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dominating error source. pply

Additional contributions to model parameter errors were ]
found to be uncertainties in temperature (tem), line-of-sight
(los) (from preceding retrievals), NHnh3) (from climato-
logical variability), horizontal temperature gradients (tgra),
residual uncertainties in radiance (gain) and frequency shift
calibration (shift), and residual uncertainties in the instru-
mental line shape (ils). The main model parameter error con-
tributions, however also of random nature, are the uncertain-
ties due to the interference of NHines for which the at-
mospheric volume mixing ratio is unknown, and the residual
line-of-sight uncertainty. The only non-negligible systematic
error source besides the spectroscopic uncertainty (reported
to be a few percentNemtchinov and Varangs2003), is
the residual instrumental line shape uncertainty which con-
tributes with approximately 5% (0.2 to 0.3 pptv) to the over-
all error budget above 30km. Typically, we use data sets
from at least three observational days representing one month
of measurements to construct zonal mean distributions which
provide, for 5 latitude bins, roughly 100 observations per
bin, reducing the S§standard error of the mean to 1%.

The error estimation does not include the smoothing
error, nor the mapping of the smoothing error of joint fit
parameters onto the gkprofile, since both of these errors
require robust knowledge of the true covariance matrices of
these speciesRpdgers 2000, which is, to our judgment,
not available. 60  —30

Latitude [deg]

Altitude [km]

1
30
Latitude [degq]

= A S

Altitude [km]

3.2 Cons_|derat|on of non-LTE emissions for interfering Fig. 3. Mean differences of SFvmr profiles (top: absolute in pptv,

CO lines bottom: relative in percent) between the retrieval which fully con-
. . o siders CQ non-LTE emissions and the standard retrieval (non-LTE

As described above, the handling of differing non-LTE ef- _ standard) for 1 January 2004. Percentage differences are given

fects for CQ lines from different spectroscopic bands has relative to the retrieval which fully considers G@on-LTE emis-

been treated by a simplified approach. In order to assess theons, i.e. (non-LTE — standard)/non-LTE is shown. TRdafitu-

systematic error potentially introduced by this approach, adinal mean differences for a full day of observations (1000 scans in

limited data set (covering two days in November 2003 andtotal distributed within 35 latitude bands) are provided. White areas

January 2004) was treated with a non-LTE approach for theare missing data due to clouds.

CO, FB and FH laser band lines using pre-calculated popu-

lations of the respective COmolecular states. These have

been derived within the preceding retrieval of CO for the re-25 km (high latitudes) and a low bias (0+d.2 pptv or O to

spective days, since the CO retrieval requires fulbGOn- —4%) at 25 to 35 km altitude. The gfow bias is most pro-
LTE modelling Funke et al.2007), using the GRANADA  nounced, with values of 0.5 pptv or higher, above 35 km over
non-LTE model Funke et al.2001). the summer pole due to the prevailing illumination, keeping

The non-LTE emissions of the Gdines then were mod-  in mind that the C@non-LTE effects are mainly due to solar
elled by making use of the non-LTE functionality of the ra- excitation.
diative transfer model KOPRAStiller et al, 2002 imple- This means that inferred mean age of air (on the basis of
mented in the scientific IMK/IAA MIPAS data processor. a trend of 0.22 pptv yrt) is expected to be 0 to 0.5 years

The simplified approach and the full non-LTE treatment too low in the lower stratosphere and O to 1 year too high
(see Fig.3) of the CQ lines, respectively, led to different above 25km; a maximum bias of up to 2 years is reached at
simulations of the C@ emission signatures in the spectral the summer pole above 35km only, an altitude range which
fits, and, in turn, to systematic HEifferences. Comparison is not used in this study, and not recommended to be used
of both approaches revealed, for both example days, a higin other studies, for the assessment of the mean age of air.
bias in Sk vmr for the simplified approach (0 to 0.1 pptv Since this effect, although of systematic nature, has no sim-
or 0 to +2%) between 10 and 20km (tropics) and 15 andple altitude and latitude relationship, we have not corrected

www.atmos-chem-phys.net/8/677/2008/ Atmos. Chem. Phys., 868572008
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the data set and use original uncorrected data for our studys Global SFs distributions

Re-processing of the complete data set in order to eliminate

the bias was not possible at this time due to missing CO Global Sk distributions using gain-bias corrected data have
vibrational temperatures (provided from CO retrievals) for been derived for the period September 2002 to March 2004

most of the days included in this analysis. for at least 3 days per month. Figseshows the 5zonally
averaged global distribution for March 2003. For eath 5
3.3 Effects and handling of imperfect gain calibration latitude bin, approximately 140 individual profiles have been

averaged, leading to a mean value standard error in the or-
Peculiar high day-to-day variability in global &Histribu- der of 0.05 pptv or 1%. The zonal mean distribution reveals
tions provided another hint towards a systematic error in theall features expected from earlier observations: Tropospheric
data. It turned out that the §Fetrievals were extremely sen- SFs is homogeneously distributed with values between 5.0
sitive to very small systematic oscillations in the radianceand 5.5 pptv, but slightly higher in the Northern Hemisphere
baseline, affecting the shape of thegSgnature itself and due to industrial sources. The &Fnr decreases both with
that of interfering lines. These baseline oscillations are wellaltitude and latitude, reflecting the time needed to trans-
below the NESR (Noise Equivalent Spectral Radiance) specport air parcels from the tropical tropopause to higher al-
ification of MIPAS and become visible only after averaging titudes and latitudes. The stratospherics S#nr over the
a huge number of spectra. Nevertheless, thg 8fievals, spring pole is lowest since the aged polar vortex is filled with
at least above 20 to 25km, are systematically affected byold air which might also have experiencedsStepletion in
these oscillations, which occur in the version 4.61 spectrahe mesosphere. The seasonal and latitudinal variation of
only. These radiance baseline oscillations are of different naSFk; within the observational data set is shown in the elec-
ture than the gain error listed in the error budget (seeZig. tronic supplementhitp://www.atmos-chem-phys.net/8/677/
The latter is the uncertainty of the scaling of the spectrum.2008/acp-8-677-2008-supplement)pdis monthly zonal
A method to quantify the systematic contribution to thegSF mean profiles (averaged for Satitude bins) for various
retrievals and to correct the §Histributions for this contri- months and latitudes.
bution has been developed and applied to the data set pre-
sented in this study. Technical details about the correction
method are given in the Appendix. For further use, daily andé Tropical tropospheric SFs increase
monthly zonally averaged $Flata have been corrected for
the systematic contributions from the radiance baseline oscilThe temporal tropical tropospheric increase of MIPAS SF
lations according to the method described in the Appendix.observations was derived from daily mean values averaged
All daily and monthly averages of gfvmrs and age of air over 17.8S to 17.5N and 9 to 15km (Fig6). The lin-
data presented in the following sections are corrected for thear regression provides an increase of 0223008 pptv/year
bias caused by the radiance baseline oscillations (called gairwith an extrapolated value of 4.89 pptv on 1 January 2002.
bias in the following). This is in excellent agreement with globally averaged
ground-based flask and in situ observations as provided by
the NOAA/ESRL/GMD (data fronftp://ftp.cmdl.noaa.gov/
4 Comparison to balloon-borne cryo-sampler data hats/sf6/insituGCs/CATS/global/insiylobal SF6andftp://
ftp.cmdl.noaa.gov/hats/sf6/flasks/SF6glaBab7.tx): The
During the first observation phase of MIPAS from July 2002 trend reported for NOAA/ESRL/GMD in situ global
to March 2004 several field campaigns took place, some oflata is 0.224:0.002 pptv/year, and for flask data it is
them intended for validation of Envisat instruments. The 0.2170.003 pptv/year; both data sets provide a global mean
balloon-borne cryogenic whole-air sampler BONBOEh{  of 4.88£0.03 pptv for January 2002 (B. Hall, personal com-
gel et al, 2006 which provides highly accurate data, mea- munication, 2007).
sured during three balloon flights, one on 24 September 2002 Although the NOAA/ESRL/GMD flask and in-situ data
in Southern France, the other two on 6 March 2003 and %are ground-based measurements, while the MIPAS data rep-
June 2003 near Kiruna, Sweden. Figdnpresents the com- resent the tropical middle to upper troposphere, we believe
parison of co-incident MIPAS profiles with the in situ data, that such a comparison is well justified since we expect ho-
together with a map showing the locations, the temporal andnogeneous mixing in the troposphere for a tracer likg SF
spatial mis-matches and the potential vorticity (PV) fields. which has no tropospheric sinks. This assumption is con-
For close co-incidences, the MIPAS profiles agree with thefirmed by findings ofGloor et al.(2007. These authors
BONBON data to within 0.5 pptv below 25 km which is fully present vertical profiles of troposphericeSFmrs measured
consistent with the estimated error budget. For 24 Septemin-situ at various sites and seasons (see their Fig. 7). In gen-
ber 2002, the gain-bias corrected profiles are also shown; theral, their profiles agree very well with the assumption of
gain-bias for this day is one of the smaller ones, but not negconstant values in the planetary boundary layer (PBL) and
ligible. the free troposphere. The only site where; SFirs in the
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Fig. 4. Comparison of individual S§profiles with co-located in situ observations obtained during balloon flights of a cryogenic whole-air
sampler (BONBON) Engel et al. 20068, for (top) 24 September 2002 over Southern France, and (middle) 6 March 2003 and (bottom) 9
June 2003 over Northern Scandinavia. The left panels show the profiles measured by MIPAS (colours except red) and BONBON (red) for
the best co-incidences. The middle panels provide the difference profiles between MIPAS and BONBON. In the right panels the location of
the observations are shown together with the PV contours on 475K (violet contour lines, PV uni?skgd"r‘s—l) and the temporal and

spatial distances. For the September 2002 flight, in addition the gain-bias corrected MIPAS observations are given (dashed coloured lines
except red in the left panel).
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PBL were significantly higher than in the free tr her
was H:rvealisdg ForC:Stt )I(/Iasgsaihtusaetts ((t:aﬁe delilzth/cl))pv?/i?che“;Fig' 6. Tropical tropospheric Sfrincrease derived from the daily
’ ’ gain-bias corrected zonal mean distributions of 8kthin 17.5 N

Iocate_d hear a srong emission regiolgor et al, 2007. .. and 17.8 S and 9 to 15 km altitude (red symbols and red solid line;
In their Table 4, they present PBL — free troposphere dif-o o hars are theol standard errors of the daily means). Time
ferences in the order 0£0.03 to +0.05 pptv, (with one ex-  series of NOAA/ESRL/GMD flask measurements (violet) and in
ception, again belonging to HFM where the difference is situ measurements (green) for the Northern Hemisphere (highest
+0.22 pptv). Differences in the order of 0.025 pptv (about lines), global mean (middle lines), and Southern Hemisphere (low-
0.5% of the actual Sfvmr) are below the standard error of estlines) are also shown, together with their regression lines for the
the MIPAS daily tropical tropospheric mean values and justglobal mean data (dotted green and violet lines). The light blue line
in the range of the standard error of the GMD ground-basedxtrapolates the growth parameterization derivedGeyler et al.
in-situ data and would, thus, not be detectable in the Comle_QD for the years 1987-1996 to the_ period 1996—2006.1The trend
parison to GMD values. We conclude from t6éoor et al, ~ derived from MIPAS measurements is 0.230008 pptv yr ™.

(2007 paper that the bias between the PBL and the free tro-

posphere is so small that it is not relevant within the MIPAS
— NOAA/ESRL/GMD comparison.

The MIPAS-derived linear increase has been used to con
vert Sk global distributions into mean age of stratospheric ; )
air by assigning the Sfvmr difference observed in the tropo- t€d lines). For the period 1987-199%eller et al.(1997)
sphere and at some location in the stratosphere, respectiveli?und that the .surface ghncrease was conS|st§nt with an
to the time lag since the troposphere had shown the mixmgoverall quadratic growth rate, where the quadratic term, how-

ratio measured in the stratosphere, according to the followingV€"> Was rather small compared to the linear term (the coeffi-
linear relationship: cients are 0.0049 pptv/A/quadratic term) vs. 0.2376 pptv/yr

(linear term)), whileMaiss and Levin(1994 found South-

Sk —a (1) ern hemispheric Sfobservations between 1970 and 1991 to
b be consistent with a purely quadratic increase described by
with r=time of the observation (in years)=2002.0 (i.e. 1  0.004763«(1—196882)2. The extrapolation of th&eller
January 2002);=4.89 pptv (the tropical tropospheric vmron et al. (1997 parameterization to the 1996—2006 period is
1 January 2002 as derived from F&), »=0.230 pptv/yr (the  shown for comparison in Fig as light-blue line. It is ob-
yearly tropical tropospheric increase as derived from €)ig.  vious that the actual yearly increase in the 1996—-2006 period

By doing this we implicitly assume that the yearly increaseis smaller and more linear than the 2nd order extrapolation
of the tropical tropospheric SFvmr as derived from MI-  from the previous 10 years. For the period 1987-1996, how-
PAS has remained linear and constant within the relevant peever, the extrapolation of the linear trends from MIPAS and
riod given by the actual ages observed in the atmospherdNOAA/ESRL/GMD will overestimate the steepness of the
i.e. for about 10 to 15 years. For about 8 years, this asSFs increase, introducing a systematic error into the age-of-
sumption is confirmed by the time series of ground-basecair assessment from these trends.

NOAA/ESRL/GMD measurements covering the years 1996
to 2006, since the time series of the globally averagegl SF
vmr is well consistent with a linear increase (see biglot-

age="t—tg—
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Fig. 7. Global distributions of mean age of stratospheric air (potential temperature versus equivalent latitudes) for the months September
2002 (top left), December 2002 (top right), March 2003 (bottom left), and July 2003 (bottom right).

If we assume that the §Rncrease is described well by We used the MIPAS-derived increase instead the
the quadratic parameterization derivedsller et al (1997 NOAA/ESRL/GMD trend in order to account for the small
for the period 1987-1996 and by the MIPAS-derived linear additive bias between MIPAS and the ground-based mea-
increase since 1996, and we use the MIPAS-derived lineasurements which is apparent by the vertical shift of the MI-
increase for age-of-air assessment for ages between 6 aRAS regression line (red solid line in Fi@) versus the
15 years, we underestimate the inferred ages by at moOAA/ESRL/GMD global mean time series (middle green
1.2 years, i.e. for 15 year old air the MIPAS linear increaseand violet solid lines and dotted regression lines in B)g.
would provide an age of 13.8 years. If we additionally cor-
rect the Geller et al. growth parameterization by an addi-
tive term of +0.14 pptv in order to better match the most re-7 Mean age of stratospheric air
cent NOAA/ESRL/GMD global mean flask data of 1 January
1996 (3.58 pptv, from the regression line), we estimate that’-1 Global distributions
the MIPAS linear trend will underestimate the inferred ages
even by up to 1.7 years for 15 years of “real” age. However, The global distribution of the mean age of stratospheric air
one should keep in mind that §@erived ages higher than derived from MIPAS SEmonthly zonal means (provided for
6 to 8 years have been observed within polar vortices On|y;potential temperature versus equivalent latitudes) is shown
the respective low SFvmrs are due to intrusions of meso- N Fig. 7 for the months September 2002, December 2002,
spheric air which had undergone mesospherig IBEs pro- March 2003, and July 2003. While ascent of young air is
cesses (see Sect. 7.3); the assessment of real age of air frdRPSt pronounced over the tropics during the Northern Hemi-
these SE observations suffers from further uncertainties like SPheric fall and winter months (Fig., top row), very old

the details of mesospheric loss modelling in chemistry trans&ir is found for both polar winter vortices (top and bottom
port models. right panels). During fall (top and bottom left panels) in the

respective hemisphere, the horizontal age gradients in the
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of air in the lower to middle stratosphere, which is produced
by isentropic mixing due to planetary waves.

The surf zone is separated from the tropics, and even more
sharply separated from the polar vortex, by a barrier reveal-
ing very high horizontal age gradients. Also remarkable is
the remnant of old air in the middle stratospheric summer
above 850K during December 2002 (NH) and July (SH)
(Fig. 7, top and bottom right panels).

A compilation of monthly zonally averaged age of air dis-
tributions at three different altitudes is shown in Fgg. In
the tropics and mid-latitudes, the seasonal variation over the
19 months covered by our data is rather low. Similar fig-
ures are available from, e.g. NASA ER-2 observations of the
mean age of air (see, for exampWaugh and Hal(2002,
their Fig. 6); the MIPAS results can be compared directly
with those and provide, additionally, data for the Southern
Hemisphere polar region. For 20km altitude, the tropical
mean age of air from MIPAS is between 0.5 and 2.5years
while the ER-2 observations yield an age around 1 year. The
mean age increases with latitude for both hemispheres, with
a significant seasonal variation in the polar regions. During
polar winter on the Northern Hemisphere, the highest MI-
PAS values are around 6 years, while near the South pole,
the spread is considerably larger withgSderived apparent
ages of up to 9.5years in winter and spring. From the ER-
2 data set, Northern Hemispheric ages of up to 6 years, and
60° S ages up to 5.5 years were derived, which are consistent
with our data set. Inter-annual differences are also notice-
able (compare, for instance, September 2002 to September
2003). During September 2002 an unprecedented Southern
hemispheric major warming took place, with very high plan-
etary wave activity Manney et al.20058 which might be
reflected in the slightly unusual age of air distribution. For
16 km altitude (first panel of FigB), i.e. just at the altitude
of the tropical tropopause layer, the age of air in the tropics
is between 0 and 1.5years, as expected. For polar regions,
ages between 2 and 5 years in the North and 3 to 7 years in
the South are observed. For higher altitudes (e.g. 25km,
third panel of Fig.8) the tropical mean age of air is around
3 to 3.5years, while the seasonal variation and inter-annual
differences at the poles become even more pronounced; this
suggests stronger impact of mesospheric intrusions at this al-
titude than lower down in the stratosphere (see below). The
systematic bias in the present MIPAS age data set due to the
CO, non-LTE treatment (see Se2R and Fig.3) should be
kept in mind for these comparisons. A complete correction of
this bias is not possible at the current state since its seasonal

months between September 2002 and March 2004. The error bangariation is not yet known. For Northern winter conditions

represent thed standard errors of the mean.

(see Fig.3), correction of the bias would increase the age of
air at 16 km by about 0.5 years in the tropics and 0 to 0.5
years at other latitudes; it would not change the latitudinal

middle stratosphere are lowest, providing ages typical fordistribution at 20 km; and it would decrease the age of air by
mid-latitudes also in the polar regions. During spring (top about 0.5 years for all latitudes at 25 km.

and bottom left panels) the surf zone in mid-latitudes is most Zonally averaged monthly mean profiles of mean age
pronounced revealing latitudinally nearly constant mean agef air for several latitudes and months, similar\Waugh

Atmos. Chem. Phys., 8, 67895 2008
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and Hall (2002, their Fig. 6, are provided in the elec- seems to be confirmed by MIPAS age of air observations.
tronic supplementhttp://www.atmos-chem-phys.net/8/677/ However, although the 8-year isoline came down to about

2008/acp-8-677-2008-supplement pdf 550K in December 2002, the mesospheric intrusion did ob-
viously not last long enough to fill up the vortex with aged
7.2 Temporal variation mesospheric air. Another extreme winter was the late winter

2004 (Manney et al.2005a Randall et al.200§. During
The seasonal variation and inter-annual differences are mostanuary to March 2004, strong subsidence of upper atmo-
clearly displayed by time series of equivalent-latitude distri- spheric NQ into the polar stratosphere has been observed
butions at certain potential temperature levels (seeJfignd by various instruments (Randall et al., 2006; Sdaget al.,
those of vertical profiles (in terms of potential temperature2007; Hauchecorne et al., 2007; Funke et al., 2p0%his
as vertical coordinate) for certain equivalent-latitude bandsagain is confirmed by the observed age of air, since ages of
(see Fig.10). During Austral winter, extremely high appar- 8 years and more have been observed above 625 K. However,
ent ages of 12 years or more, in fact unrealistically high,despite severe subsidence events, similar high ages of air as
were observed at the 625K surface and above (see9Fig. for the Southern hemispheric winter 2003 have not been ob-
and Fig. 10, bottom panel) during two episodes (June to served during the two Northern hemispheric winters covered
July 2003; September to November 2003), separated by aby MIPAS (see Fig9). Considerable inter-hemispheric dif-
episode of younger air (August 2003). The first episode offerences are also observed at high latitudes at the 400K level
high mean age started rather abruptly in June 2003; in Julysee Fig.9, top left panel), with air again being much older
the polar vortex was filled with air older than 8 years, southin the Southern Hemisphere.
of 70° S equivalent latitude for altitudes above the 675K po-  The age of air in the tropics at 400 K is rather constant over
tential temperature level. After the break in August 2003, the seasons, except that a slight seasonal oscillation with lat-
the latitude- and altitude regime filled up with old air even itudes can be observed. At 850 and 1000 K, however, the
increased,; this situation lasted until end of November. Thetropical air is youngest in Northern winter 2002/2003, but
Antarctic winter 2003 has been characterized from observaeven Northern winter 2003/2004 (December 2003 to Febru-
tions of CO Funke et al.2005 and NQ, (Funke etal.2005  ary 2004) has younger air than the summer and fall months
Randall et al.2007) by a very strong vortex with long-lasting  before, except June 2003. Observation of younger air at
and strong transport of mesospheric air into the stratospheritropical high altitudes during northern winter months is con-
vortex. Hence, the very high apparent age of air observed isistent to the fact that the strongest ascent by the Brewer-
most probably due to SFdepleted mesospheric air masses Dobson circulation occurs during this time of the year. In
filling the stratospheric vortex. In contrast to the very long- June 2003, very young air (i.e. strong upwelling) is found in
lasting area of old air masses in 2003, the very old air disapthe tropics which might be related to the very old air at the
peared earlier in 2002, probably due to the weak vortex beingsouth pole (strong subsidence), indicating a short episode of
perturbed frequently by planetary wave activity which finally intensified circulation.
led to the first observed Southern Hemispheric major warm-
ing (Manney et al.2005. Although very high ages were 7.3 Comparison to model calculations
no longer observed during Southern summer, the mean age ] . ]
of air remained rather high even then, with values around 6 td2Pservations of apparent age of air derived frong 8ifirs
8years. Only immediately before the formation of the next ©f more than 6 to 8 years were also reported previousty (
polar vortex, in April/May, ages closer to those typical for 9€! €t al, 2006h Hall and Waugh1998 Waugh and Hall
mid-latitudes were observed at high Southern latitudes, indi-2002- However, other age of air tracers like €@ not con-
cating that polar summer air was mixed with lower-latitude firm these high ages; the mesospheric loss of SFener-
air. ally considered to explain this discrepanéia{l and Waugh

The observed northern hemispheric winters 2002/20031_998 Reddmann et 3'2093)- In order to confirm th‘f"t the
and 2003/2004 are rather different than the Southern hemiligh mean age values derived from MIPAS observations dur-
spheric ones (2002 and 2003) since obvious subsidenctd Polar winters can be explained by the mesospheric sink

episodes are shorter, and the high ages of the Southern henfil SFe: We performed model simulations with the Karlsruhe
spheric winters have not been observed (Bignd Fig.10, Simulation model of the Middle Atmosphere (KASIMA), a

top panel). At 625K, the highest age of air observed in 3D-chemi_stry transport model which includes a module for
the Northern winters during the measurement time of Mi- SFe chemistry in the mesospherBg¢ddmann et a/2001).

PAS is 8 to 9years, in March 2003 and 2004; ages of 105Fs is mainly destroyed via electron attachment and subse-
or more years are observed at 1000K in December 2002duent transformation to HF.

March 2003, Jan.uary and March 2_004_, gnd, surprisingly, in - 1gynke, B., lbpez-Puertas, M., Stiller, G., von Clarmann, T.,
JuI)_/ 2003. Intrusions qf mesospheric air into the polar_vorte_xc;rabowski, U., and Linden, A.: Upper atmospheric,N@trusions
during the Northern winter 2002/2003 are described in vari-into the Arctic stratosphere during January to April 2004, to be sub-
ous papersonopka et al.2007 Engel et al. 2006h. This mitted, Atmos. Chem. Phys. Discuss., 2008.
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Fig. 9. Global time series of zonal distributions of the mean age of stratospheric air (versus equivalent latitude) at 400K (left column,
top), 550K (left column, middle), 625K (left column, bottom), 775K (right column, top), 850 K (right column, middle), and 1000 K (right
column, bottom), constructed from monthly means. Note the different colour scales in the panels. The white areas in the 400K and 550 K
panels are due to missing data due to clouds (PSCs).

For the present studies, the model version as described irs 750 m. From 22 km up to the upper boundary at 120 km,
Reddmann et a(2007) is applied, but using ERA-40 analy- the vertical spacing between the levels gradually increases to
ses up to 18 km, a relaxation term up to 1 hPa and the prog3.8 km. The triangular truncation, T21, used corresponds to
nostic part of the model above. From the lower pressurea horizontal resolution of about 3.X5.7°. A numerical time
height boundary at 7 km up to 22 km, the vertical resolution step of 12 min was used in the experiments.
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Fig. 10. Time series of mean age of stratospheric air vertical pro-
files (constructed from monthly zonal means) (potential tempera- -50 0 50
ture as vertical coordinates) for the equivalent latitude bantiseQ Latitude
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Fig. 11. Zonal mean distribution of mean age of stratospheric air

for October 2003 from MIPAS (top), and KASIMA with (middle)
As described irReddmann et al2001) assumptions on  and without (bottom) consideration of the SIBss reaction in the
the free thermal electron density and the reaction constantgesosphere, giving the apparent and the true mean age, respec-
used influence the results. Here we use a ionisation modetlvely.
and include all back reactions, corresponding to an atmo-
spheric lifetime of about 4500 years.
Figure 11 compares the monthly global mean distribu-
tion of MIPAS age of air for October 2003 (top panel) with
KASIMA calculations including (middle panel) or disregard-

www.atmos-chem-phys.net/8/677/2008/ Atmos. Chem. Phys., 868572008
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ing (bottom panel) the mesospheric sink reaction. For theSince MIPAS data contain independent information to quan-
simulation with mesospheric loss, the apparent ages protify subsidence of mesospheric air (via CO or £ Ef. Funke
duced over the South pole are much closer to the MIPAS obet al, 2005, the mesospheric sink strength, which is coupled
servations. In fact, the age of air calculated from this modelto the mesospheric electron density, can be unambiguously
run is 12 years or more, in very good agreement with thequantified. This will help to improve the age of air assess-
MIPAS observations. In contrast, treatingeSts a fully sta-  ment from Sk and to make it more consistent with age of air
ble tracer produces ages around 6 to 8 years over the Soutstimates based on other tracers.
pole which has to be considered as the real transport time. SFs distributions discussed in this paper were retrieved
This comparison confirms the assumption that high apparenfrom MIPAS high resolution spectra recorded in the origi-
ages as derived from glare due to transport of gflepleted  nal measurement mode between September 2002 and March
mesospheric air into the stratosphere. 2004 before an instrument failure forced spectral degrada-
The MIPAS time series show that such mesospheric intrution. The high seasonal variation and inter-annual differ-
sions are quite a frequent phenomenon. Further, the comences observed are an obstacle to the unambiguous detection
parison roughly confirms the atmospheric lifetime o§&B-  of a change in middle atmospheric global circulation from
sessed by this study to be about 4500 years. Finally, the imthe currently available data set. However, 5 years of MIPAS
portance of the mesospheric S§ink is emphasized when level 1-B data are now available, and an extension of the mis-
comparing chemistry-transport models with age of air datasion for another 3 to 7 years is planned. This will provide a
derived from Sk. A more detailed analysis of the MIPAS tremendous amount of information, assuming an equally ac-
data set together with model simulations of the global mearcurate Sk retrieval will be possible from the reduced spec-
age of air distribution is planned for the near future. tral resolution data, which still has to be proven.

8 Conclusions Appendix A

We have derived mean age of air global distributions for the Correction of SFg vmr biases caused by inadequate
altitude range 6 to 35 km and the period September 2002 to  gain calibration
March 2004 from MIPAS/Envisat S$Fobservations with a
precision (in terms of the standard error of monthlyznal  The original MIPAS time series of $Hs characterized by
means based on approximately 100 single observations eacbgcasional unphysical values, which form secondary modes
of 0.25yr. The systematic error of the mean age of air datan the histogram of Sg-daily mean values. In order to re-
set is ruled by the uncertainty in spectroscopic data and gect or correct unrealistic values from the assessment of the
simplified non-LTE treatment in the $ketrieval approach age of the air without running risk of rejecting/correcting any
which both might explain a potential bias of up to 1 year for true but unexpected data caused by unknown chemistry or
altitudes below 35 km (up to 2 years above 35km), at certairphysics, a search was made for an external data filter which
latitudes and seasons. Comparison to previous observations independent of the SFvalues themselves. Since discon-
reveals that the SfFand mean age of air distributions from tinuities in Sk mixing ratios were found to coincide exactly
MIPAS are in very good agreement with those which indi- with the changes of the MIPAS gain calibration function, it
cates that the actual systematic error is considerably lowewas necessary to further assess the MIPAS calibration char-
than its estimate. The available age of air data set gives thacteristics in the S&Emicrowindow. MIPAS radiance cali-
unprecedented opportunity to validate the transport schemelsration is done by application of one gain calibration func-
in chemistry-transport and chemistry-climate models. tion over a period of typically several days. For all limb se-
The global data set from MIPAS for the period Septemberquences within such a gain calibration period, the spectra of
2002 to March 2004 reveals high seasonal variations and prathe uppermost tangent altitude (approximately 68 km) were
nounced inter-hemispheric and inter-annual differences. Iraveraged over time. This was done separately for spectra
particular, in both polar vortices, frequent and, for the South-recorded during forward and backward movement of the in-
ern Hemisphere, long-lasting intrusions of mesospheric aiterferometer mirrors, because calibration is done separately
into the stratospheric vortex are observed, identified by veryfor forward and backward measurements.
high apparent mean ages of 8 to 12 years and higher. The fre- Since, except for the two GFB laser band lines, all other
quent mesospheric intrusions seen in MIPAS data may havatmospheric signals (e.g. G@aser hot band lines, CQOso-
been underestimated in the past and their role on chemistrytope transitions, b0, SFk;) are too weak to be noticeable,
climate coupling needs further assessment. The mesospheraero signal is expected in the gaps between the two promi-
depletion of Sk has been confirmed as source of the overesnent CQ lines in the averaged spectra. Instead, for several
timation of the mean age of air by comparison of the obser-gain calibration periods, systematic deviations from the zero
vations with model calculations including and disregarding, radiance level were observed in version 4.61 spectral data
respectively, the mesospheric chemical sink reactions @f SF (see Fig.12). The amplitude of this error in the calibrated
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Fig. 12. Averaged radiance spectra of the highest tangent altitudes

N
(i.e. approximately 68 km) in the region of the &Signature for an ASFs = ¢ x Z YSFain X (A1)
example of close-to-perfect (top) and heavily distorted radiance cal- o} '

ibration (bottom), respectively. The spectra were averaged over the N N
period when one specific gain calibration function was applied; this(yart fwen  Vart bwn — Zn:l Yart,fw;n Zn:l Yart,bw;n)
is 8 to 9 December 2002 for the top panel and 28 to 30 April 2003 Y T N N

for the bottc_Jm panel. Averaging was done _for forward (Ieft_) anq wheren runs over allN spectral gridpoints of the GFni-
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o €xp " veraged spectra. e.vert'ca}mes are situated.c is a constant of the dimension [pptv
solid line gives the_pqsmon of _the gfpeak. The number provides W/(em=2 Ian—2. s th si | of th
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Sk band, andvart fw:n @andyart bw:» are the systematic radi-
ance errors at spectral gridpoimtin the forward and back-

spectra is below the NESR of a single spectrum, and withinward spectra, respectively. The subtraction of the average
the MIPAS radiance calibration specifications, but clearly background signal accounts for the average offset correction
visible in the averaged spectra. in our retrieval yon Clarmann et al.2003b. This ASFs

Since the gain calibration functions are applied multiplica- value, further referred to as gain index, was used as measure
tively, it is not quite obvious how zero radiances can be af-of the impact of erroneous gain calibration in further correc-
fected and one might tend to attribute this artifact to the (ad-tion steps. In total, 87 gain calibration periods were analyzed
ditive) offset calibration function. The latter, however, is by means of the spectral analysis described above, all of them
updated several times per orbit and does not coincide withtapplied within the period September 2002 to end of March
the changes of the observed artifact. Thus, the nature of th2004, and 87 gain indices were derived.
detected artifact is still unexplained; since the details of the For correction of the Sd~vmrs derived from v4.61 spec-
implementation of the calibration algorithm are beyond ourtral data and distorted by imperfect radiance calibratior, SF
direct control, we restrict ourselves to correcting the affectedglobal means (90S—90 N) per orbit for all altitude levels
Sk vmr data. for two height grids, from 44km to 7km and 1500K to
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the order of 1.0 for 44 km altitude and decreases smoothly
to values around 0.06 for 10 km, while the gain index varies
between-4.0 and +2.5 for the gain calibration periods under
investigation. For SgFmeans built from more than one gain
calibration periods, the weighted mean of the gain indices
was applied.

It should be noted that the method described above could
lead to an unwanted artificial component in the temporal vari-
ation of Sk in terms of seasonal variation or trend, if the
gain index varied systematically with time as well. The lat-
ter, however, has been falsified, i.e. it was found that the gain
index varied randomly with time rather than systematically.

Latitude [deq]

EPE— ot o Aug oct  Dec Fep Within this work, scientific analysis of $Ristributions,
RN g Mor M s N g N and, in particular, the derivation of the tropospheric trend and
90 ] ) "‘3" u JR7E mean age of stratospheric air, is based on the corrgct@d SF
!{‘ ; % Omonv N data derived from v4.61 spectral data; thes SFr derived
’\‘ 4 VY o AW 0o o from v4.62 spectral data are used without correction. Fig-
o &) > S 7 urel4presents the time series of globalgZ# 25 km altitude
g SO VAN Lol a0 before and after correction. In summary, while the correction
% 0 foi W is substantial, the expectec_i SHNr values_ or any expected
E e structures are never used in the correction scheme. Instead,
i 1 - the correction relies fully and solely on the detected gain cal-

ibration peculiarities.
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