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Abstract.  Ground-based Fourier Transform Infra-Red cal quality assessment. It is an important atmospheric con-
(FTIR) measurements are an important component of thestituent and has been monitored over many years by a variety
global atmospheric monitoring system. Their essential roleof measurement techniques. In this work we use ECC-sondes
in validating satellite measurements requires a precise docuElectro Chemical Cell sondes), launched weekly very close
mentation of their quality. Here we present an extensive qualio the FTIR measurement site, for an empirical validation of
ity documentation of ground-based FTIR; @rofiles. This  the FTIR G profiles. The FTIR @ profiles are obtained by
is done in the form of theoretical and empirical error esti- a optimised retrieval approacB¢hneider and Has20083.
mations. The latter is achieved by an intercomparison withWhile the total column amounts obtained from this approach
ECC-sonde @profiles. The FTIR @ amounts are obtained have already been validated in great detail by an intercom-
by applying the most advanced instrumentation and retrievaparison to Brewer measuremeng&chneider et al.2008h,
strategies and consequently represent the current potential @f this work we concentrate on the profiles.
this remote sensing technique. Similar validation studies of ground-based FTIR @ro-
files have already been performed by different authors
(Pougatchev et gl1996 Nakajima et al. 1997 Barret et
al., 2002 Schneider et al.2005a Kagawa et aJ.2007). In
some of these works the empirical validation is performed for
Ground-based measurements of highly-resolved infrared st Ve reduced number of so_nd_e-FTIR commdences, Wh.'Ch
: . . are furthermore measured within a short time range during
lar absorption spectra allow ongoing detection of the compo- oo .
" . . specific campaigns. Consequently they poorly represent the
sition of the atmosphere in a cost-effective manner. They aré : o )
: o - .._actual atmospheric variability. In this work we present an
essential for long-term monitoring and for validating satellite : L o o .
. extensive empirical validation consisting of 53 coincident
measurements and, thus, they are a vital component of thé .
. - i . Operational ECC sonde and FTIR measurements performed
global atmospheric monitoring system. However, their appli-

. : . between January 2005 and December 2006 on Tenerife Is-
cation as a reference measurement requires precise documen-

tation of their quality. This is often done exclusively by the- and. Furthermore, we apply state-of-the-art retrieval strate-

oretical studies. The errors are then calculated by a method'®> and instrumentation. The quality of the FTIR@ofiles

suggested by C. D. RodgeRddgers2000. These calcu- applied in this paper reﬂeCtS. th? current pgtentlgl O.f gr.ound-
; : . . .. based FTIR systems in monitoring the vertical distribution of
lations give a good overview of the achievable data quality,

however, they depend on the assumed error sources. Therg—[mOSpherIC trace gases which possess weak, strong, isolated

fore, every assessment of data quality should be completegrld overlapping apsorption features (e.gONCH, H0).

. . . In the following section we briefly describe the FTIR in-
by a comparison to independent measurements of similar . .

; . . .. strumentation and retrieval strategy. In S&tve present
or better quality. Ozone is well suited for such an empiri-

the results of our theoretical error estimation. In Séake
Correspondence tavl. Schneider
BY (matthias.schneider@imk.fzk.de)

compare the ECC and FTIRzrofiles.
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Fig. 1. Left panel: Black line: a priori mean 4profile and its & variability (shaded area around line) for Tenerife. Right panel: a priori
correlation matrix of ozone mixing ratios. Up to 32.8 km, profiles and interlevel correlations are from sonde data measured between 1996
and 2006. Above 32.8 km the values are estimated.

2 FTIR measurements and retrieval strategies log-normal distributions are very similar (small shape param-
eter) and the application of a linear or a logarithmic scale
The FTIR measurements were performed at th@dz@b-  does not significantly affect the result. Furthermore, only
servatory, which is located on the Canary Island of Tenerife,the inversion on a logarithmic scale allows for a constraint
300 km from the African west coast at 28 N, 16629 Wat  against ratio profiles, i.e. an optimal estimation of isotopo-
2370 ma.s.l. From January 1999 to April 2005 a Bruker IFS|ogue ratio profiles$chneider et a120068. As a priori for
120M spectrometer was operated at the Stehfieider etal.  the typical ozone isotopologue ratio profiles and their covari-
2005h. Since January 2005 we have operated a Bruker IFSances we use data reported lyhnson et al(2000. The
125HR spectrometer. In this work we only evaluate spec-applied temperature a priori profile is a combination of the
tra measured by this new IFS 125HR, which offers betterdata from the local ptu-sondes (up to 30 km) and data sup-
performance than the IFS 120M. We use the retrieval codelied by the automailer system of the Goddard Space Flight
PROFFIT 9.4 Hase et a].2004 with the option to retrieve  Center. The spectroscopic line parameters are taken from the
isotopologue ratio profilesSchneider et al.20060. It ap-  HITRAN 2004 databaséRothman et a).2005. For H,O we
plies the Karlsruhe Optimised and Precise Radiative Transapply the 2006 update§6rdon et al.2007).
fer Algorithm (KOPRA,HoOpfner et al. 1998 Kuntz et al,
1998 Stiller et al, 1998 as the forward model, which was
developed for the analysis of MIPAS-Envisat limb sounder3 Theoretical quality assessment
spectra. For the atmospherig @trieval we analyse a com-
bination of small and broad spectral windows between 780-When contemplating remotely-sensed vertical distribution
1015 cnTl. profiles itis important to remember the inherent vertical reso-
The retrieval strategy is essentially the one described inution of these data. Figuizshows typical averaging kernels
Schneider and Hag20083 and consists of a simultaneous for the retrieved805 profiles and demonstrates that the FTIR
retrieval of G and temperature profiles. A priori knowledge measurements contain information about the vertical distri-
of Oz (mean profile and covariances) is taken from an ECCbution from the surface up to 40 km. The best vertical resolu-
sonde climatology calculated from measurements betweetion is achieved between altitudes of 10 and 20 km, where the
1996 and 2006 as depicted in Fig.It is important to men-  FWHM (full width half maximum) of the kernels is around
tion that we use the same set of a priori data for all retrievals 5 km. The trace (sum of diagonal elements) of the averaging
We do not vary our a priori depending on season, a strategkernel matrix is a measure of the degree of freedom in the
often applied in other studies (eBarret et al.2002). This measurement. It indicates the number of independent layers
assures that all variability seen in our profile comes from thepresent in the retrieved profile. Summing up the diagonal el-
measurement and can be easily interpreted. The inversion @gments of the averaging kernel matrix gives a good overview
the G profile is performed on a logarithmic scale. Thg O of the layers that are independently presented in the retrieved
amounts around the tropopause are highly variable. Undeprofile. We identify as an independent layer the altitude
these conditions a logarithmic scale inversion is superior toranges where the sum of the corresponding diagonal entries
a linear scale inversiortHase et al.2004 Schneider et al.  reaches unity. The right panel of Figgives an overview of
20063 Deeter et a].2007). In the troposphere and middle these layers. It plots the altitude ranges for which the sum of
stratosphere, where the variabilities are smaller, normal andhe kernel matrix’s diagonal elements reaches unity (x-axis)
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Fig. 2. Left panel: Coloured lines: some typical mixing ratio averaging kernels for the main isotopd8@ygaormalized to 1 km thick
layers; open circles: diagonal elements of the kernel matrix. Right panel: altitude ranges for which the sum of the diagonal elements of the
kernel matrix reaches 1. The TR, TP, and MS layers are indicated by red bars.

versus the altitude where this layer is centred (y-axis). Therpia 1 Assumed uncertainties.

centre of the layer is the weighted mean (weighted by kernel

matrix’s diagonal elements) of the altitudes contributing to error source random  systematic
the layer. It shows that up to 20 km the FTIR observing sys-

tem is able to distinguish layers with a vertical extension of ~ Phase eror Dlrad +0.01rad

. - modulation eff. 1% +1%
smaller than 8km: e.g. a layer representing the troposphere | Jxcot 0.1% +0.1%
(surface—10 km, subsequently called the TR layer) or a layer T profile? at surface 7K _35K
representing the tropopause region (12.5-17 km, TP layer). rest of 07K _
In the middle stratosphere the vertical resolution is around troposphere
10km (e.g. layer 20-30.5km, MS layer). The best resolu- at 30 km 1K upto+4 K
tion is achieved at the tropopause, where layers with an ex- above S0km 6K up te-12K

. . solar angle ae -

tent of 5km can be distinguished. The uppermost layer that | intensity - 20

can be resolved extends from 26 km to the top of the atmo- e broad. coef.
sphere. Our theoretical error estimation is based on the ana-
lytic method suggested Hgodgers(2000, which identifies 14,0 paseline offset.

three error classes: (a) smoothing error, (b) error due to Un2 ¢5r more details please refer 8chneider and Hag2008a.
certainties in input parameters (instrumental characteristics,

spectroscopic data, etc.), and (c) errors due to measurement

- —5%

noise: . urally occurring atmospheric states. Often the errors are only
x—x=A-Dx-—x,) estimated for a typical state, which produces less accurate re-
+ékp(p - P sults since it neglects nonlinearities (matriéesf;, andl%p
N . depend on the atmospheric state). The assumed error sources
TGy -y (1) are listed in Tabld. These values are critical to the following

error estimation. They come from our experiences (e.g. re-

We consider the nonlinearities of the forward model within P€atability of ILS (instrumental line shape) measurements)
the variability range of the state vector, therefore, we individ- ©f from references (e.g. the spectroscopic parameter uncer-
ually apply Eq. 0) to all members of an ensemble of 500 sim- tainties are fronRothman et aj._2005. A negauve/posnwe .
ulated real states which obeys the a priori statistics: we calcu¥alué of an assumed systematic uncertainty means that the in
late 500 individual matrice (averaging kernel matrix) ~ the retrieval a too low/high parameter is used.
(gain matrix), and%p (model parameter sensitivity matrix). Figure3 shows the standard deviation of the errors calcu-
In Eq. @) x, x, andx, are the retrieved, real (i.&. — x is lated for the 500 simulations according to Ed).( When
the error), and a priori state respectivefyand p are the  considering vertically fine structured profiles, the smooth-
estimated and real model parametgrsand y are the mea- ing error is the leading error since the FTIR system only
sured and simulated spectrum, dnid the identity matrix.  provides sufficient information about coarse vertical struc-
This extensive error estimation assures a very accurate errdures. It reaches 25% in the tropopause region, where the
analysis, since it is representative for the whole range of natactual profile may be highly-structured. The most important
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Fig. 3. VMR random errors relative to actual VMRs. Solid black: smoothing; solid green: modulation efficiency; dashed blue: zero baseline
offset; solid red: temperature profile; solid blue: solar elevation angle; solid magenta: line intensity; dashed magenta: pressure broadening
coefficient; dashed red: measurement noise; thick solid black: total parameter errors (sum of all errors except for smoothing).
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Fig. 4. VMR systematic errors relative to actual VMRs. Line style and colour as in3Fig.

Table 2. Estimated random errors relative to climatological amounts (in %) for the 3 layers representing the troposphere, the tropopause
region, and the middle stratosphere, and for the layer covering the measurement range of the ECC sonde ¥8usfiies.

error source surfacel0km (TR) 12.5-17km (TP) 20-30.5km (MS) surfae80.5km
smoothing Fic] 132 13 0.7
phase error @ 12 0.2 0.2
modulation eff. <01 04 0.3 0.1
zero baseline offset <01 05 0.5 0.3
temperature <01 10 02 01
solar angle ot 04 0.3 0.3
line intensity <0.1 <0.1 <01 <01
pres. broad. coef. & 24 0.4 0.1
meas. noise 8 0.6 0.1 0.1
total 40 134 16 0.8
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Table 3. Estimated systematic sensitivity errors and bias errors relative to climatological amounts for the same layers a2.il\ Tidsb
means that the error is insignificant.

error source surfacel0km (TR)  12.5-17km (TP) 20-30.5km(MS)  surfaed80.5km
sensitivity bias sensitivity  bias  sensitivity bias  sensitivity  bias
[%] [%] [%] (%] [%] (%] (%] (%]
smoothing —-54 +0.5 -10.7 -0.3 —7.2 -0.1 -1.0 -0.3
phase error -0.1 +0.2 +0.3 +0.7 +0.3 +0.1 +0.2 +0.2
modulation eff. - - +0.2 - +0.6 +0.3 +0.1 +0.1
zero baseline offset  —0.2 - -0.3 - -1.0 -0.5 -0.8 -0.3
temperature +0.1 - +10 +1.4 -12 -0.7 -0.2 -0.3
line intensity +2.1 +2.0 +1.9 +2.0 +1.9 +1.9 +2.0 +2.0
pres. broad. coef. +4.7 +4.3 -0.8 +2.3 -20 +0.8 - +16
meas. noise -0.1 - - - +0.1 - - -

parameter errors are remaining ILS distortions (instrumental

line shape distortions: uncertainties in modulation efficiency e

and phase error), uncertainties in the temperature profile, and’;

errors in the applied pressure broadening parameter. Evenf
though a systematic error source, the pressure broadening co-2

systematic
efficient produces random errors sirtéeandRp of Eq. @) g 4 Dias oot
depend on the actual atmospheric state. Figutepicts the o N\ ransor error
systematic errors of the retrieved profiles (mean value of the £ ¢ =2.0 DU
errors calculated from the 500 simulations). We find that the £ | _ N o
uncertainty in the pressure broadening coefficientis the most 1 23 oc=ga0
important systematic error source. e - e -

If we only consider coarse vertical structures (layers with 0, amount [DU]

thickness of 5-10 km) the smoothing error becomes less im-

portant. The right panel of Fi@ gives a reasonable estimate Fig. 5. Dependence of the smoothing error in the MS layer on
of the extent of these layers. In Tabl2end3 we present  the actual @ amount. Separation into error components (random,
the error estimations for the TR, TP, MS layers, and the layesystematic sensitivity, and systematic bias error) is done by a lin-
ranging from the surface to 30.5km. The latter correspond$ar least squares fit. Circles: individual error simulations; red line:
to the altitudes covered by nearly all ECC sondes. The parlinear. regressi.onlline. Random errowr $cattering arqund th'e. re-
tial column amount errors of these layers are investigated irfression line (indicated by magenta area); systematic sensitivity er-
great detail. While for the VMR profile errors (Figd.and ror: slope of the regression I_|ne; systematic bias error: offset of the
4) we restrict the discussion to an estimation of the mean ang 9resson line at the a priori value.
standard deviation, we analyse the partial column amount er-

rors in more detail. Therefore, we separate them in random . ) .

error, systematic sensitivity error, and systematic bias error FOr the layers depicted in the right panel of Faghe sen-
components. Figurs illustrates how these different error Sitivity error does not significantly exceed10% (i.e. the
components are obtained. It depicts the dependence of thETIR system has a sensitivity of around 90%). This is a very
error on the actual ©@amount of the MS layer taking the Satisfactory value, and de_monstrates that the.high quality
smoothing error as example. The slope of the linear regrestéasurements together_ wqh an advanced retrieval strategy
sion line gives the systematic sensitivity error (in our exam-2allow an adequate monitoring of these coarse atmospheric
ple —7.2%), the offset at the climatological value gives the Structures. An artificial increase of this sensitivity by apply-
systematic bias error(0.2 DU or —0.1% if referred to the ing seasonally dependent a priori data is not necessary and
climatological amount of the MS layer), and the scatteringW0U|d only confusg the interpretation of the FTIR data. Ta-
around the regression line indicates the random error (2.0 DLPe 3 as well as Fig4 show that the systematic errors are
or 1.3%). This error treatment is describedSichneider and dominated by the smoothing error and uncertainties in the

Hase(20083, which should be consulted for more details. ~ SPectroscopic line parameters.

www.atmos-chem-phys.net/8/5579/2008/ Atmos. Chem. Phys., 8, 55882008
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o sell 11, 2005 we deduce a & value for the @ variabil-
=, 350] Sa ity above 30.5km of typically 10-15%. Assuming a verti-
S cal correlation length of 2.5km (which corresponds to the
length derived from the ECC data around 30 km), we esti-
mate a & variability for the G residual of 4DU . The left
panel of Fig.6 shows the correlation between Brewer total
' 01 0.907 O3 amounts and ECC partialsGmounts below 30.5 km for
20/~ slope: 1.08 all 80 Brewer/ECC coincidences during 2005 and 2006. We
20 215 00 325 350 250 275 w00 325 360 calculate a difference of 60i65.8 DU. Approximately 4 DU
Brewer total O, [DU] of the scatter between the Brewer and ECC data is caused
by ignoring the ECC @ residual. Since the Brewer total
Fig. 6. Comparison between ECC and Breweg @mounts. Solid  column amounts are very precise (around 1.5DU), there is
squzlirest: |nd|V|duz?.Itco(|jnci|tdzr:'ces;drgd Ilnels:Lrefg:ressminlllneg of Itlg-a remaining scatter of around76.82—42—1.5 ~5.3DU (or
earleast squares Tits, dotted ine- dlagonal. Lett panel. Ignonng the, .,,nq 2 094 if referred to the typical amount), which can be
ECC Gy residual. Right panel: considering the EC@,'@S'dual by attributed to errors in the ECCygata or to the)observation of
assuming a constant mixing ratio from the balloon’s burst altitude . .
to the top of the atmosphere. different airmasses by the Brewer, on the one hand, aqd by
the ECC sonde, on the other hand. However, this 2.0% is al-
ready less than estimated by the laboratory studgmoit and
Strater(2004), which determines an uncertainty of 6% for the
4 Empirical quality assessment Scientific Pump 6A ECC-sonde type. Furthermore, we found
no single outlier for all sondes from 2005 and 2006. Conse-
For this assessment we compare the FTHR€ImM of*80s, guently we can conclude that the fssECC sonde measure-
5003, and“#°03 isotopologues) profiles with regularly per- ments are of very high quality.

formed ECC-sonde measurements. The ozone sonde pro- )
gram on Tenerife started in November 1992 using ECC- ASiscommon practice among NDACC sonde users the O

sondes (type: Scientific Pump 6A). The sondes are launchefgsidual is estimated by. extending the mixing ratio measured
weekly from Santa Cruz de Tenerife (35 km northeast of thedt the_balloon’s bursF altltudg up to the top of the atmosphere.
Observatory) and since October 2006 froriii@ar (15km  TNe right panel of Fig6 depicts the Brewer total $versus
south of the Observatory). In March 2001 fizés ECC- the ECC total @ calculated for the so-estimated; @esid-
sonde together with the Brewer, DOAS, and FTIR activities U&l- Naturally the difference to the Brewer amounts is now
were accepted by the NDACC (Network for Detection of At- Smaller (compare right to the left panel). However, we ob-
mospheric Composition Changetp://www.ndacc.orgfor- serve a slightly poorer correlation, i.e. more scatter between
merly called NDSC: Network for Detection of Stratospheric both experiments. This indicates that, at least at the subtrop-

ChangeKurylo, 1991 2000 as a complementary observing ical site of Izdia, extending the mixing ratio value measured
site. at the sonde’s burst altitude until the top of the atmosphere is

The ECC-sondes generally burst between 30and 34 kmnot suited to estimate the real variability of the @sidual.

To use as many sondes as possible and to homogenize the

study we use only ECC data measured up to 30.5km. This

altitude is reached by around 90% of all sondes. These crite4.2 FTIR versus ECC-sonde
ria provide 53 coincident ECC and FTIR measurements (for

33 different ECC measurements).

DU]

300

275
3254

250 -
300

225

275

p: 0.939
slope: 1.05

200

ECC partial O, (below 30.5 km) [DU]

ECC total O, (est. residual O,

When validating remotely-sensed vertical distribution pro-
4.1 Quality check for ECC-sondes files it is important to remember the inherent vertical reso-

lution of these data. There are two possibilities to adequately
Schneider et a{2008H demonstrates the high quality of the validate remotely-sensed profiles: (a) degrade the vertical
FTIR total column amounts by an extensive intercomparisorresolution of the vertically highly-resolved data towards the
to Brewer data. A correlation coefficient ofS®2 and an  vertically poorly-resolved data. By this means we exclude
agreement within 0.6% between coincident measurements ahe smoothing error from the comparison. In our case the
O3 total column amounts allowed to conclude that both tech-ECC in-situ measurements are vertically highly resolved. (b)
niques have a precision of better than 0.5%. Another possibility is to compare only the rough structures

Here we make an analogous brief study for the ECCthatare supposed to be resolvable by the remote sensing mea-

amounts. As aforementioned we only apply ECC data forsurements. We estimated these structures in Seutd de-
altitudes below 30.5km. However the residual partial pict them in the right panel of Fi. In the following we
column above this altitude is still around 20% of the total compare FTIR and ECC profiles applying both method (a)
O3z amount. From the HALOE climatologystool3 and Rus- and method (b).

Atmos. Chem. Phys., 8, 5579588 2008 www.atmos-chem-phys.net/8/5579/2008/
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4.2.1 Comparison of FTIR and smoothed ECC profiles 40

The smoothing (or degradation) of the vertically highly-
resolved ECC profilegcc is done by convolving it with the 30
FTIR averaging kerneld.:

fece=A(XEcC—*a)+X4 ) 20

altitude [km]

The result is an ECC profiletgcc) with the same smooth-
ing error as the FTIR profile. Consequently the differ- 10
ence between FTIR and smoothed ECC profile eliminates

the smoothing error component, which is the leading er-

ror component. Equatior?) requires ECC profile data be- 0
yond 30.5km. However, this data is not available and we

extend the ECC profile with the zonally averaged HALOE

glmatOIOQICt?I %Oﬂle uset?] a; ;g(r:lo” "}.lthe. FTIR re;[)r_lev?I. Fig. 7. Difference between FTIR and smoothed ECC sonde pro-
onsequently the smoothe profiie 1S a combinaliony; o - shown are mean and standard deviation of the difference for

of two experiments: the ECC and HALOE experiments. ye 53 FTIR/ECC coincidences. The grey shaded area indicates
The climatological HALOE data neglect the actual variabil- the expected FTIR error (excluding the smoothing error); the light

ities above 30.5 km, which introduces additional random er-grey shaded area indicates the expected random error of (FTIR-

rors above and below 0.5km. Figuredepicts the mean ECC)/ECC.

and standard deviation for the difference between FTIR and

smoothed ECC profile. These calculations are comparable to

the error estimations presented in Fi§sand4. The grey

shaded area indicates the total random error of the FTIRon-optimised retrieval strategies. This leads to broader aver-

profiles (excluding the smoothing error, thick black line in aging kernels and provides a stronger smoothing of the ECC

Fig. 3). The light grey shaded area indicates the sum of theprofile. The agreement is similar, but the compared vertical

FTIR and ECC random errors, i.e. the expected scatter bestructures are much coarser.

tween both experiments. For the ECC random error we as-

sumed 6% as suggestedSmit and Stater(2004. Fromthe  4.2.2 Comparison of partial column amounts

surface up to 27 km we observe a slight altitude dependent ) ) )

but not significant systematic difference. It is +2% at the sur-A Straight forward comparison of partial columns has the ad-

face and at 27 km and10% at 12 km. These differences are Vantage that the results are easy to interpret. Figute-

probably due to incorrect line parameterisations (error in thePICtS the correlation of the TR, TP, MS and surfacg0.5 km

pressure broadening coefficient (compare to Bjg.Above partial columns calculated from the FTIR and original (not

28km we observe a significant systematic difference of upSmeothed) ECC sonde data. We observe a very good agree-

to 16%. Since we compare a combination of ECC sondgMent between the FTIR and ECC partial column amounts.

and HALOE with FTIR it is difficult to interpret this obser- FOr the TR and TP layers we get correlation coefficients of at

vation. The reason may be a systematic underestimation df@st 096. For the MS layer we still get a coefficient ab@

the ECC sondes above 25 km, systematic FTIR errors (dué‘”d for the layer from the surface up to 30.5 km_a cpefﬂment

to line parameterisation), or systematic differences betweef 0-96. The scattering around the regression line is 1.5 DU

the applied HALOE climatology and the actual climatology (or 6.8% if related to the climatological amounts) for the TR

above Tenerife. layer, 1.6 DU (12.1%) for the TP layer, 3.0 DU (1.8%) for the
The observed scatter between FTIR and ECC is a meaft!S 1ayer, and 5.2DU (2.4%) for the layer from the surface

of 5% (between the surface and 30.5km). It is highest ) 30.5 km. This observed scatter agrees very well with the

tween 10 and 15km where it reaches 10%. It is in satis-eStimated FTIR random errors of Taldle _

factory agreement with the expected errors of around 7% Concerning the systematic differences we expect a sensi-

(Ilght grey shaded area of FI@) The Sllghtly hlgher scat- tivity error for the FTIR data 0f-5.4% and—7.2% for the

ter may be due to the observation of different airmasses byl R and MS layer, respectively, and a larger error of around

FTIR and ECC or due to a weak overestimation of the theo-—11% for the TP layer (see TabB, which is confirmed
retical vertical resolution of the FTIR. It is important to men- PY the FTIR/ECC intercomparison. FiguBeshows higher

tion that Fig.7 provides no comprehensive documentation Slopes for the TR and MS layers 95 and 087, respectively)

of the quality of the FTIR profile. This is only possible to- than for the TP layer (83). The observed systematic bias, if
- - - related to the climatological amounts, 3:20Y=—2.8%

gether with the averaging kernelSchneider et al(20053 0.64DU '+ 2197DU

also reports an agreement within 5-10% to ECC sondes buor the TR layer, ;5zc55=+5.1% for the TP layer, and

for FTIR profiles obtained from spectra of poorer quality and r33055=+2.3% for the MS layer, respectively. For the

30 20 10 0 10 20 30
(FTIR-ECC) / ECC [%]
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Fig. 8. Correlation between FTIR and ECC measurements. Black squares: individual measurements; red lines: linear regression line of least
squares fits(a) TR layer,(b) TP layer,(c) MS layer,(d) layer from surface-30.5 km.

10 . malise the ECC data to the Brewer total column amounts:
g s ] L . X _ TCharewer X (3)
oE b . |=‘:_/./, ECC norm PCecc + 60.6 DU ECC
o ] » L] . .
= 7 . -.'E’ Here 60.6 DU is the mean value of the residuglanount.
g 1 . Figure 10 compares the normalised ECC partial column
L'Lg 1 amounts to the FTIR partial column amounts. This Figure
8“ 10 gives a good insight into the real performance of the FTIR
S AR AR SRR AR system. The normalisation according to Eg) produces

changes of about 5% if referred to the typicaj @mounts
(see Fig.9). In the stratosphere the natural variability is of
a similar magnitude (5-10%), and the normalisation to the
Fig. 9. Correlation between differences Brewer-ECC and differ- Brewer data significantly improves the correlation between
ences FTIR-ECC. FTIR and ECC partial columns (compare panel (c) of Elg.
and8). On the other hand, in the troposphere or tropopause
region the natural variability is very large (between 30% and
70%) and an alteration of the ECC data by only 5% has no
significant effect

(TC,~(PC,..*+ 60.6 DU)) / TC, [%]

layer between the surface and 30.5 km "§?§22DLL)JU:+2-5%- At Izafa the simultaneously performed high quality total
These values are all in good agreement to the estimations ¢iolumn amount measurements can be used to check the ECC
Table3. data quality. In Sect4.1 we checked the ECC data qual-

ity by a comparison to Brewer total column amounts. The

In Sect.4.1 we compared the Brewer totalsGmounts  confidence of this quality check is limited by the observation
to the ECC @ amounts between the surface and 30.5 km.of different airmasses, by the variability of the residual O
This comparison reveals a remaining scatter of aroundabove the sonde’s burst altitude, and by errors of the mea-
2%, which can be contributed to errors in the ECC mea-sured total column amounts. Already the ignorance of the
surements or to the observation of different airmassegesidual Q variability (which is about 4 DU or 1.4%) and the
by the two experiments. Brewer and FTIR observe theerror of the Brewer data (about 0.5%) limit the validity of this
same airmass (they have the same observation geoméest to+/1.42+0.52=1.5%. This uncertainty range becomes
try) and the disagreement between Brewer and ECC, oreven larger if the balloon bursts below 30.5km. As demon-
the one hand, and between FTIR and ECC, on the othestrated in this paper a state-of-the-art FTIR system provides
hand, are in deed very similar. This is demonstratedpartial column amounts of good quality. At super sites like
in Fig. 9, which shows the differences between the ECCIlzaha the quality of the ECC sondes can be checked by the
partial column amounts (RGc= /225 K™ xecc(z)dz) and  FTIR partial column amounts. This enables good quality
the Brewer total column amounts (Bfwe) Vversus the checks even for sondes whose balloon’s burst at lower alti-
differences between the ECC and FTIR partial columntudes. For sondes reaching 30.5km the quality check can be
amounts (PEnr= fzsgfmeﬂR(z)dz)- We can use the Performed with a precision of 0.8% (0.8% is the estimated
Brewer data to account for the observation of different air-random error for the FTIR partial column amounts below
masses or for the errors in the ECC data. Therefore we nor30-5 km; see Tablg).
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Fig. 10. Same as Fig8 but for ECC data normalized to Brewer total column amounts.
5 Summary and conclusions by the empirical comparisons strengthens the validity of fu-

ture FTIR profile error estimations of other absorbers like
We have made an extensive theoretical error estimation foN20, HF, HCI, CQ, etc., which, due to the absence of other
Os profiles measured by a carefully characterised (regulaco-located measurement techniques, are difficult to be con-
ILS calibrations) state-of-the-art ground-based FTIR observfirmed empirically.

ing system. The FTIR system provides high quality data L
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