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Abstract. We propose an improved monitoring scheme 1 Introduction
for the instrumental line shape (ILS) of high-resolution,
ground-based FTIR (Fourier Transform InfraRed) spectrom-Today, various techniques contribute to the effort of monitor-
eters used for chemical monitoring of the atmosphere by théng the atmosphere’s chemical composition. Among these
Network for Detection of Atmospheric Composition Change techniques, high-resolution ground-based FTIR (Fourier
(NDACC). Good ILS knowledge is required for the analysis Transform InfraRed) spectrometers significantly contribute
of the recorded mid-infrared spectra. The new method apWith accurate long-term measurements of total columns and
plies a sequence of measurements using different gas cell®ixing ratio profiles as function of altitude for various chem-
instead of a single calibration cell. Three cells are usedical species. The direct result of the solar FTIR measurement
cell C1 is a refillable cell offering 200 mm path length and is a transmission spectrum of the terrestrial atmosphere. The
equipped with a pressure gauge (filled with 100 P&ON desired target quantities are determined by adjusting the in-
cells C2 and C3 are sealed cells offering 75 mm path lengthput parameters of a calculated synthetic spectrum in order
C2 is filled with 5Pa of pure pD. Cell C3 is filled with  to reproduce appropriate spectral sections of the observed
16 Pa NO in 200 hPa technical air, so provides pressure-spectrum (Hase et al., 2004). The FTIR technique allows
broadened MO lines. We demonstrate that an ILS retrieval the recording of solar spectra with high signal-to-noise ratio
using C1 improves significantly the sensitivity of the ILS re- and achieves both wide spectral coverage and high spectral
trieval over the current calibration cells used in the network, resolution. The wide spectral coverage permits the monitor-
because this cell provides narrow fully saturatedNines.  ing of many different species, and the high spectral resolu-
The N;O columns derived from C2 and C3 allow the per- tion allows the shapes of individual spectral lines to be re-
formance of a highly valuable closure experiment: adopt-solved. Thereby, due the altitude-dependent pressure broad-
ing the ILS retrieved from C1, the 4D columns of C2 and  ening, not only the total column of a trace gas can be deter-
C3 are derived. Because® is an inert gas, both columns mined; in addition a retrieval of mixing ratio profiles (with
should be constant on long timescales. Apparent changes ioderate vertical resolution) can be achieved for many trace
the columns would immediately attract attention and indi- gases. Accurate knowledge of the instrumental line shape
cate either inconsistent ILS results or instrumental problemdILS) is required to interpret the observed line shapes in a
of other origin. Two different cells are applied for the clo- correct manner, and the ILS can be a significant error source
sure experiment, because the NDACC spectrometers observe the overall error budget (Schneider and Hase, 2008).
both stratospheric and tropospheric gases: C2 mimics signa- In order to guarantee consistent results between different
tures of stratospheric gases, whereas C3 mimics signaturdsT IR stations, these are affiliated with networks which super-
of tropospheric gases. vise the compliance of instrumental setups, define the recom-
mended practice for the analysis of the spectra and collect the
results into databases which form the interfaces to the data
users. The NDACC (Network for Detection of Atmospheric
Composition Change; Kurylo, 199http://www.ndacc.org/
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started operation in 1991. The NDACC FTIR spectrometers2003, and references therein). With a path length of 2.cm,
provide time series for § HNOs, HCI, HF, CO, NO, CHy, these cells are extremely compact, they are filled with 200 to
HCN, GHg and CIONQ derived from mid-infared (MIR) 250 Pa of HBr and have become the network standard. The
spectra covering the 750 to 4200 tinspectral range. The sealed HBr cells are intended to be used not only for the ILS
Total Carbon Column Observing Network (TCCON, Wunch determination, but also for closure experiments: the analysis
et al., 2011) is a network of high-resolution near-infrared of the cell spectrum provides both the ILS and the gas col-
(NIR) spectrometers which started operation in 2004. TC-umn inside the cell, which should be constant for a sealed
CON provides data for C§) CHg, N2O, HF, CO, HO, and  cell. Unfortunately, this highly desirable functionality has
HDO derived from NIR spectra. not fully been achieved, as the reactive HBr tends to decay
It has become a part of FTIR network practice to regu-in the cell, likely due to a chemical reaction with residual
larly use a low-pressure calibration gas cell (either in thecontaminations of the cell walls. In consequence, HBr does
solar beam or using a lab source) to derive the ILS fromnot provide a stable reference column on longer timescales.
the shape of the narrow spectral lines supplied by the cellTCCON applies sealed cells of 10 cm path length filled with
This retrieved ILS is used to diagnose a misalignment of500 Pa of HCI (Washenfelder, 2006), which also tends to de-
the spectrometer and to improve the alignment when indi-cay on longer timescales.
cated. Moreover, the actual ILS derived from the cell mea- For the analysis of the cell spectra, the LINEFIT code
surement can be introduced into the analysis process of thdeveloped by Hase (Hase et al., 1999) is used by NDACC
atmospheric spectra, e.g. Schneider et al. (2008). and TCCON. LINEFIT determines the ILS by performing a
New upcoming scientific challenges, as for example theconstrained fit of parameters which describe the interferome-
inversion of measurements to derive sources and sinks foter's modulation efficiency in the interferogram domain. This
long-lived greenhouse gases, and the associated advance @mplex modulation efficiency is defined as the ratio of the
satellite data (e.g. Butz et al., 2011) and model evaluation$iormalized modulation of the actual Fourier transform spec-
(e.g. Chevallier et al., 2011) exert a steady pressure on thfometer (FTS) and the normalized modulation of a nominal
precision achieved by ground-based FTIR measurement$:TS as function of optical path difference. The term “nor-
Currently the NDACC investigators strive for sub-percent malized” indicates that the modulation amplitude at zero path
precision of their data products (e.g. Schneider and Hasedifference (ZPD) is normalized to unity to ensure the area-
2008; Sussmann et al., 2011). The target precision and accurormalization of the ILS in the spectral domain. This defini-
racy for TCCON'’s XCQ data product is 0.1 % (Deutscher et tion is appropriate, as we are not aiming at a measure of the
al., 2010; Messerschmidt et al., 2011). absolute efficiency of the spectrometer, but at characterising
We believe that in order to keep up with the increasing pre_the ILS, which is determined by the variations of modulation
cision and accuracy requirements, the current ILS monitoringgfficiency as function of optical path difference (OPD). For
scheme used within the NDACC needs to be further refinedthe nominal FTS, we assume that the spectrometer only suf-
In the following sections we describe the current practice offers from the self-apodisation effect due to the finite field-of-
ILS monitoring in detail. Next we introduce the proposed View of the interferometer and the limited optical path dif-
ILS monitoring scheme and provide indication that the newference (e.g. Davis et al., 2001, Chapter 5.1 and 5.2), but
setup allows for a significantly improved ILS determination otherwise works perfectly. To achieve an efficient formula-
and ensures network consistency. tion of constraints, it is appropriate to represent the complex
modulation efficiency by its amplitude and phase. LINEFIT
retrieves modulation efficiency amplitude and phase at 20
2 Current state of the art for ILS monitoring equidistant OPD positions up to the maximum value of OPD
applied in the measurement. This provides 39 adjustable
Regular ILS monitoring using gas cells was introduced atvariables to fit any reasonable deviation from the nominal
some NDACC FTIR stations in 1996. To achieve sufficiently ILS (39 instead of 40 parameters, because the modulation
narrow spectral features in the MIR, heavy molecules at presamplitude at zero OPD is kept fixed to unity). According to
sures below 250 Pa are applied. Hase et al. (1999) used r¢he aforesaid, LINEFIT will determine unity amplitude and
fillable N2O cells of 20 cm path length equipped with NaCl zero phase error along the whole interferogram, if the spec-
windows at a filling pressure of 10 Pa. If appropriate win- trometer under investigation behaves ideally. In addition,
dow material (e.g. NaCl, KBr, KCI) is applied, this type auxiliary parameters as e.g. scaling and slope parameters to
of cell can also be used to monitor the HgCdTe detectordescribe the background continuum, the gas column, spec-
branch, which covers the long-wavelength spectral regiortral scale and gas temperature can be fitted. LINEFIT results
(750-1300 cmit), in addition to the short-wavelength InSb have successfully been compared with other approaches, e.g.
detector branch of the FTIR. Permanently sealed HBr celldLS deconvolution (Bernardo and Griffith, 2005).
with sapphire windows were provided by the National Center
for Atmospheric Research, Boulder, Colorado, to the FTIR
stations of the NDACC from 2000 onwards (Goldman et al.,
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3 Limitations of the current ILS monitoring scheme : : . : . - .

All TCCON sites and nearly all NDACC FTIR sites apply
the same type of commercial spectrometers manufacturec
by Bruker fttp://www.brukeroptics.con the spectrometer
type 125HR (several NDACC sites use its precursor 120HR
or the 120M, which basically all share a common optical de-
sign). The heart of the spectrometer is a classical Michelson- 044 4
type interferometer with a linearly moving scanner. Instead
of plane mirrors, Bruker applies cube-corner reflectors in
both arms of the interferometer. As a result, the interferom-
eter is tilt- but not shear-compensated, so a lateral displace::
ment between the cube-corners will affect the ILS (Kaup-
pinen and Saarinen, 1992a). Especially, a lateral displace- ]
ment between moving and fixed cube corner at zero optical WeySInum e Emr]
path difference (ZPD) will reduce the modulation amplitude o _
in the inner part of the interferogram, causing an apparent '%: L. Transmission spectrum record_ed with the HBr NDACC
increase of modulation amplitude as function of OPD. In theCeII a4 (blapk) ar.]d Supe”mpose.d on it the LINEFIT calculation
- . . f(red). The fit residual is shown in blue. The measurement has

general case, the lateral dlsplace_ment W'," be a, function 0been recorded with the TCCON FTIR spectrometer in Karlsruhe
OPD, because the scanner arm might be tilted with respect tg,, 10 November 2011.
the optical axis defined by the interferometer’s field-of-view
(FOV) and might not be perfectly straight. Moreover, the
FOV might be blurred due to optical misalignment, introduc- should suffice. Figure 1 shows the spectral scene provided by
ing a modification of the expected self-apodisation (Kaup-the HBr cell described above and a LINEFIT calculation su-
pinen and Saarinen, 1992b). Finally, finite divergence andoerimposed on it. Figure 2 shows the modulation efficiency
misalignment of the HeNe reference laser might slightly dis-derived from this spectrum, and Fig. 3 the averaging kernels
tort the sampling positions, thereby impacting the phase erfor the retrieved ILS parameters. The sensitivity of the re-
ror. Overall, no straightforward correspondence between ILSrieval slightly decreases towards maximum OPD, which is
and physical misalignment exists, instead the resulting devinot critical, because the atmospheric spectra will hardly con-
ations from the nominal modulation efficiency result from tain spectral structures as narrow as those provided by a low-
a superposition of various small instrumental imperfections.pressure gas cell. However, the sensitivity also drops signif-
As a consequence, a direct fit of physical instrumental misdcantly towards zero path difference (ZPD), which is a sub-
alignment parameters is difficult, and use of a prescribed ILSstantial problem. The difficulty in reconstructing the modu-
parameterisation using only a few parameters might be realation efficiency in the vicinity of ZPD is due to the fact that
sonably successful for one misalignment scenario but failthe associated spectral features are broadband, so they mix
for another. Consequently, the most reliable approach rewith inevitable tiny variations of the background continuum
mains the retrieval of an extended set of ILS parameters asurrounding the line. For illustration, Fig. 4 shows the result-
described above. ing changes in a simulated spectrum when the modulation

The statements of the previous section require the follow-amplitude decreases in the inner part of the interferogram
ing clarification to avoid a misunderstanding: the FTIR spec-towards ZPD. Due to the over-modulation assumed in this
trometer is a highly precise and stable measurement devicexample, the ILS peak height increases, and the conserva-
and the quality of spectra in practice is astounding. As out-tion of ILS area is provided by associated subtle changes of
lined in the introduction, it is the ambitious sub-percent pre-the ILS sidelobes. Due to the increased ILS peak height, the
cision level the FTIR community is aiming at which draws absorption lines appear somewhat deeper. In case of an un-
our attention to tiny imperfections of the spectrometer. If saturated spectral line, this additional depression can be mis-
the spectrometer's environment is well-controlled, then theinterpreted by assuming a higher gas column, so the quan-
main driver for a changing ILS usually is the wear of the tification of the modulation efficiency change between the
of the moving cubecorner’s friction bearing, which induces inner and outer part of the interferogram ultimately depends
a vertical offset of the cubecorner. The modulation effi- on a marginal change of the observed line wings (in our ex-
ciency amplitude of a 125HR spectrometer used for regu-ample of 10 % modulation efficiency rise generates a mere
lar solar measurements will typically change by a few per-1% signal in transmission in the near-wing region which be-
cent on timescales of a year (at a maximal optical path dif-comes undetectable further away from the line). The HCI
ference of 180 cm). Unless the spectrometer is realigned, icell mentioned above, which is used within the TCCON net-
can be assumed that the ILS is a slowly varying instrumen-work, provides unsaturated spectral lines, too, and therefore
tal feature, so a 1-3 month cycle for the ILS characterisatiorsuffers from the same limitations.
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Fig. 2. The normalized modulation efficiency and phase error de-gig 4 The changes in an HBr absorption line which result from a
rived from the HBr cell spectrum shown in Fig. 1. 10 % over-modulation. This example strongly exaggerates the ef-
fect of a poor ZPD alignment. The black curve is the simulation
0,4 = ' = : : with a nominal ILS, the red curve refers to the over-modulation,
the open circles show a spectrum calculated with nominal ILS, but
increasing the gas column by 12%. The inserted panel shows the
assumed modulation amplitude.

spectral scene which contains both saturated and unsaturated
lines. Figure 5 shows the transmission spectrum provided by
such a cell and a LINEFIT calculation superimposed on it.
Figure 6 shows the modulation efficiency derived from this
spectrum and Fig. 7 the averaging kernels for the retrieved
ILS parameters, which demonstrate the improved sensitiv-
ity of the modulation efficiency retrieval in the inner part
of the interferogram (to be compared with the HBr kernels
shown in Fig. 3). At a first glance, it is surprising that the
N2O kernels in the outer part of the interferogram are not
significantly poorer than the HBr kernels, given the consid-
erably higher mass of HBr molecules (HBp@® mass ratio
1.8). However, the BIO band used resides at somewhat lower
wave humbers than does the HBr band; for this reason the
Doppler-broadened HBr line width is only 20 % smaller than

We now demonstrate that in order to reduce the ambiguityfor N2O. Moreover, working at a pressure of 240 Pa (HBr
demonstrated in the last section, the spectral scene used f6€ll) and 100 Pa (bD cell), respectively, the pressure broad-
the ILS retrieval should offer saturated absorption lines. Bothehing is not fully negligible. Finally, the 0 spectrum con-
the HBr cells used by NDACC and the HCl cells used by TC- tains more and stronger spectral lines per wave number in-
CON achieve center absorption depths for the strongest spe€rement than does the HBr spectrum (compare Fig. 1 and
tral lines of about 30 % transmission. An imaginary modifi- Fig. 5), therefore more input signal is provided for the ILS
cation of the gas column will change this residual transmis-retrieval, which results in a similar sensitivity of the,®
sion. In contrast, the depth of a saturated line generated d¢trieval in the outer part of the interferogram for a given
low pressure cannot be modified to the same extent by adsignal-to-noise ratio of the spectrum.

justing the assumed gas column (it is a near boxcar-shaped Cell C1 is in principle sufficient for the ILS determina-
transmission profile which reaches the zero baseline), so théon, but by adding two further cells — cell C2 (sealed, filled
retrieval is less prone to the described crosstalk between rewith 5Pa NO) and cell C3 (sealed, filled with 16 Pa®
trieved gas column and apparent line depth changes corin 200 hPa technical air) — we can perform a highly valu-
nected to modulation efficiency. A cell with 200 mm path able closure experiment. Both cells provide unsaturatgd N
length filled with 100 Pa MO (cell C1) generates a useful lines which allow an accurate column determination. Unlike

response (mod. eff. amplitude)

-0,4 T T T T g
0 60 120 180
OPD [cm]

Fig. 3. The averaging kernels of the ILS retrieval from the HBr cell
(the modulation amplitude kernels are shown).

4 Description of the new ILS retrieval scheme
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Fig. 5. A cell with 200 mm effective path length filled with 100 Pa Fig. 7. The averaging kernels of the ILS retrieval for the®lcell
N>O (cell C1) generates a useful spectral scene which contains bothpectrum shown in Fig. 5 (the modulation amplitude kernels are
saturated and unsaturated lines. The figure shows the transmissi@hown). A comparison with Fig. 3 reveals the improved sensitivity
spectrum provided by such a cell (black curve) and a LINEFIT cal- of the retrieval for small OPD.
culation superimposed on it (red curve). The residual is shifted
and magnified by a factor of 10 (blue curve). The spectrum was
recorded on 26 July 2011. provides pressure-broadened lines to emulate the line shape
of a tropospheric species (e.g. &HN20). We require that
the retrieved gas columns of the sealed cells C2 and C3 re-
main constant. Any changes of the C2 or C3 columns would
immediately attract attention and indicate either inconsistent
ILS results or instrumental problems of other origin.

The reader might wonder why we introduce C2 in addition

modulation efficiency amplitude

o
©
[}
A\
A\Y

to C1 for the closure experiment. The reason is that we prefer
arefillable cell with an attached manometer for the ILS deter-
mination itself, so that any pressure increase due to leaking
or degassing is noted immediately. If a single sealed low-
pressure cell would be used for both purposes (ILS retrieval
and column check), then a defect of manufacturing of this

cell (rising pressure due to leakage or degassing) would inter-
fer with the ILS determination. By keeping these two func-
tionalities separated, we can readily uncover even a slight
pressure rise in C2.
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120 140 160 180

phase error [rad]

Fig. 6. The normalized retrieved modulation efficiency and phase5 First results using the proposed method

error for July (black) and October (red) as derived from the cell C1;

only a moderate change of the ILS is indicated over the three-monttYVe @pplied the new setup on a ground-based high-resolution
period. Curves with symbols: modulation efficiency derived from FTIR spectrometer located north of Karlsruhe (497180
the HBr cell in early November (black squares: assuming nominal8.438 E), which is an accredited TCCON spectrometer. It
pressure of 240 Pa, open circles: assuming 280 Pa total pressure).successfully participated in the IMECC calibration campaign
for the European TCCON sites (Messerschmidt et al., 2011).
The spectrometer is equipped both with a room-temperature
HBr or HCI, N;O is an inert gas, therefore both columns IanAs detector for NIR observations and with a_quuic_i-
should be constant on long timescales. We assume that tHdrogen cooled InSb detector and the NDACC optical fil-
ILS is known from the analysis of the C1 measurement, so'©" Set for MIR observations. Regular NIR and MIR so-
the ILS parameters are kept fixed in the analysis of the C22f measurements were started in September 2009. We per-
and C3 spectra, only the gas column and auxiliary param_formed cell measurements of the proposed kind on 26 July
eters are fitted. C2 provides narrow lines to emulate the2nd 22 October 2011.

line shape of a stratospheric species (e.g\., @hereas C3
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Fig. 8. The spectrum taken with cell C3 in July (black), super- Fig. 9. Small spectral section out of the spectra recorded with the

imposed the synthetic spectrum fitted by LINEFIT is shown (red), sealed cell C2 in July (black) and October (red). Although the mod-

blue: residual. ulation efficiency did not change significantly, the lines are signifi-
cantly broader in October, indicating a pressure rise in C2.

HHI

0,754

Figure 6 compares the retrieved modulation efficiency for 1,00 X
both dates as derived from C1, only a moderate change of the:-
ILS has occurred over the three months period. The modu--
lation efficiency derived from the HBr cell on 10 Novem-

ber is also included. All results diagnose a well-controlled
phase error below 20 mrad; the October measurement indi- 0,50 i
cates a slightly larger ILS asymmetry than the measurements
in July and November. The HBr measurement suggests &
stronger modulation loss by about 2 % towards larger OPD
than do the NO measurements. We do not expect such a 1 b2
change of the ILS within two weeks. However, the HBr re-
sult depends on the assumed cell pressure in the sealed cel
assuming a total pressure of 280 Pa instead of 240 Pa in the
cell would bring the results in much closer agreement. For
the fits of the C2 and C3 spectra discussed in the follow-

Ing, W.e adhere to the ILS param_eters of the particular dat':'i:ig. 10. The spectrum taken with C2 on 26 July 2011 (black), super-
as derlvgd from the C1 spectra. Figure 8 shows the S_peCtruq?nposed the synthetic spectrum fitted by LINEFIT (red) is shown,
taken with C3 on July and the synthetic spectrum fitted by e: residual.

LINEFIT (the C3 spectra recorded in July and October are

hardly distinguishable, therefore we do not show the results

for October). The derived columns are in excellent agree-July measurement and 8.72110*° molec n12 for the Octo-
ment: 3.036x 10°°molec n 2 for the July measurement and ber measurement.

3.027x 10?° molec n2 for the October measurement. In  Although several cells are involved, practical experience
case of C2, we detect a clear indication of a problem withreveals that the effort to perform the proposed method is
this cell, the observed line shapes differ significantly betweenquite manageable. To generate the C1, C2, and C3 spectra,
July and October, see Fig. 9. However, if we allow for a pres-we co-added 20 scans and applied 180 cm maximum OPD
sure rise, excellent fits to the measured spectra are achievefhr C1 and C2, and 45 cm OPD for the measurement of the
Figure 10 shows the spectrum taken with C2 in July and thepressure-broadened C3 spectrum. The whole set of measure-
synthetic spectrum fitted by LINEFIT, Fig. 11 provides the ments can be recorded within a few hours. Some details of
equivalent information for the spectrum taken with C2 in Oc- our new method depend on the instrumental setup, which is
tober. The total cell pressure in C2 is in accordance with thenot fully identical at all NDACC FTIR sites: some spectrom-
assumption of purely Doppler-broadened line shapes in Julyeters offer an evacuable probe chamber inside the spectrom-
but increased to 220 Pa in October. The retrieved columnster for the cell. In our case, the cell was located outside
are in excellent agreement: 8.784.0'° molec nT2 for the the spectrometer in lab air. For this reason, we applied an
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Hl‘]‘ll

T ; T In contrast to NDACC, TCCON is restricted to the high-
| Il M precision-and-accuracy measurement of greenhouse gases.
These gases are prevalent in the troposphere and their at-

0,75+

. mospheric absorption signatures are significantly pressure-
broadened. Therefore, exchange of a single high-pressure
cell (equivalent to the cell C3 introduced above) between
TCCON sites would be sufficient to verify the consistency
of retrieved columns. One might argue that the determina-
0,25 . tion of the atmospheric 9column from the 1.26 um band,
which is part of the TCCON analysis procedure, is sufficient

7 7 for this purpose, but measuring the same gas column in a
, test cell across the network would nevertheless add a very
-0,01 : : : convincing demonstration for the proper characterisation of

transmission

0,50 4 E

residual
o
o
o

T T T
2180 2190 2200 2210 2220 all spectrometers. Whereas the €olumn is exploited to

compensate for other problems of the whole experimental

_ _ setup, e.g. incorrect assumptions on observed air mass due

Fig. 11. The spectrum taken with cell C2 on 22 October 2011 4 h4inting errors, an incorrect cell column deduced from a

(s?:gm)’(rseudgegmgf)fsgéﬁzlSymhet'c spectrum fitted by LINEFIT IS o 115 measurement would indicate a specific problem with
' ' ' the spectrometer itself. A cell of 50 mm effective path length

filled with 200 hPa of pure Cldwould provide lines of useful

additional evacuated cell C4 identical to C3 and C2, and ra-2bsorption strength around 6000thn near to the relevant

tioed the C2 and C3 spectra over the spectrum taken witt-Oz Pands.

C4 to remove residual weako® signatures from the lab air

(for C1, we corrected the lab air transmission according to

the longer cell). However, we feel that the use of C4 is not/ Summary and outlook

mandatory, the lab air transmission can be characterised by a o . . . .

measurement without a cell, the column of lab-a#CNcan The new I_LS_ monltorlng re_C|pe provides improved sensitiv-

be determined from such a measurement with LINEEIT andY and reliability for the retrieval of ILS parameters. The ILS

taken into account afterwards in the LINEFIT analysis of the Parameters are derived from the transmission spectrum of

cell measurements (taking into account the appropriate lab refillqble, pressure-monitored cell with 20cm path length
filled with 100 Pa NO. In the second step of the procedure,

wave number [cm™]

air path). ¢ i . ) )
a closure experiment ensuring the integrity of retrieved ILS
is performed: for this purpose the® columns of two addi-
6 Challenges and considerations for ILS monitoring tional sealed calibration cells of 75 mm path length are mon-
within TCCON itored. In the analysis of these cells, the ILS derived from the

C1 measurement is applied. One cell is filled with 5 B®ON
As mentioned in Sect. 3, the current ILS monitoring schemeto emulate narrow spectral lines of a stratospheric absorber,
for TCCON suffers from the same limitations as the cur- the other cell is filled with 16 Pa 0 in 200 hPa technical
rent NDACC scheme. Unfortunately, molecular absorptionair to emulate pressure-broadened lines of a tropospheric ab-
strengths are considerable weaker in the NIR than in the MIRsorber. First measurements with the Karlsruhe TCCON FTIR
spectral region. Due to the increasing width of the Dopplerspectrometer indicate excellent repeatability of ILS and col-
core as function of wave number it is possible to use higherumn results and show that the use of several cells is practi-
cell pressure, but even if this advantage is exploited a celtable. The procedure revealed a technical problem with the
body of impracticable length is required for the generationsealed low pressure test cell C2.
of saturated lines. pO, which is well suited for MIR pur- We do not think that the current HBr cell recipe is obsolete,
pose does not provide absorption bands of sufficient strengtls it might be difficult to perform the complete ILS monitor-
in the NIR spectral domain. Multi-path cells are common jng method as described including the refillable C1 on all
for lab spectroscopy applications, but the optical coupling ofNDACC sites (some sites are remotely operated, others de-
such a cell is complicate and prone to misalignment effectshend on support by local staff for operation during most of
which mlght affect the ILS result. The use of NIR lasers the time), but we feel that the sole app“cation of the cur-
or thermal emission line sources might turn out as advanyent scheme does not assure network-wide consistency of
tageous, but considerable research is required to |dent|fy @bserved atmospheric trace gas C0|umns down to the sub_
manageable and reliable solution. percent level. We plan to perform further comparisons of

ILS results derived from pressure-monitoregNcells with

results derived from the NDACC HBr cells to which we have
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access. Because the HBr cells have a comparatively high B. C., Bright, A. V., Matross, D. M., Wofsy, S. C., and Park, S.:
filling pressure, this comparison might reveal moderate sys- Total column CQ measurements at Darwin, Australia — site de-
tematic uncertainties of the HBr cell approach due to varia- scription and calibration against in situ aircraft profiles, Atmos.
tions of the total cell pressure between different batches of Meas. Tech., 3, 947-9580i:10.5194/amt-3-947-201@010.

cells, or due to the uncertainty of the HBr line-broadening G0ldman, A., Coffey, M. T., Hannigan, J. W., Mankin, W. G.,
parameters. Chance, K. V., and Rinsland, C. P.: HBr and HlI line param-

) . . eters update for atmospheric spectroscopy databases, J. Quant.
The final network procedure might be to define a subset Spectrosc. Ra., 82, 313-317, 2003.

of ILS reference sites Wi_thin the NDACC where the com- Hase, F., Blumenstock, T., and Paton-Walsh, C.: Analysis of the
plete proposed scheme is performed regularly and to send jhsirumental line shape of high-resolution Fourier transform IR
sets of sealed cells of the kind C2 and C3 back and forth be- spectrometers with gas cell measurements and new retrieval soft-
tween these reference sites and the other NDACC spectrom- ware, Appl. Optics, 38, 3417-3422, 1999.
eters, which for the first time will allow for a direct check of Hase, F., Hannigan, J. W., Coffey, M. T., Goldman, Aggfher,
the calibration consistency between different NDACC spec- M., Jones, N. B., Rinsland, C. P., and Wood, S. W.: Intercompar-
trometers on the sub-percent column level, with respect to ison of retrieval codes used for the analysis of high-resolution,
both narrow (“stratospheric”) and pressure-broadened (“tro- 9round-based FTIR measurements, J. Quant. Spectrosc. Ra., 87,
pospheric”) spectral lines. If a tested site is not able to repro- 25-52, 2004. _ o o o
duce the columns of the calibration cells based on the ILS<@uPPinen, J. and Saarinen, P.: Line-shape distortions in mis-
. . . aligned cube corner interferometers, Appl. Optics, 31, 69-74,
derived from local HBr measurements, then further investi-

. . . 1992a.
gations will be required. Kauppinen, J. and Saarinen, P.: Line-shape distortions in Michelson

Finally, we plan to investigate suitable cell parameters to  interferometers due to off-focus radiation source, Appl. Optics,
achieve a similar extension of the current TCCON ILS de- 31, 2353-2359, 1992b.
termination scheme including a closure experiment which iskurylo, M. J.: Network for the detection of stratospheric change
applicable for NIR measurements. (NDSC), SPIE Proceedings 1991, Remote Sensing of Atmo-
spheric Chemistry, 1491, 168-174, 1991.
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