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Abstract. The precision and accuracy of trace gas observa-l Introduction
tions using solar absorption Fourier Transform infrared spec-
trometry depend on the stability of the light source. Fluc- Ground-based solar absorption Fourier Transform infrared
tuations in the source brightness, however, cannot alway$FTIR) spectrometryZander et al. 1983 Goldman et aJ.
be avoided. Current correction schemes, which calculatel988 Rinsland et al.199]) has been established as an ac-
a corrected interferogram as the ratio of the raw DC inter-curate and precise method for the detection of trace gases in
ferogram and a smoothed DC interferogram, are applicabléhe atmosphereNotholt et al, 2003 Velazco et al. 2003.
only to near infrared measurements. Spectra in the mid inFTIR spectrometry is used by the Network for the Detec-
frared spectral region below 2000 cthare generally con-  tion of Atmospheric Composition ChangiDACC, 1997
sidered uncorrectable, if they are measured with a MCT deand the Total Carbon Column Observing NetwofCCON,
tector. Such measurements introduce an unknown offset @009 for the worldwide observation of trace gases.
MCT interferograms, which prevents the established source The accuracy and precision of trace gas concentrations re-
brightness fluctuation correction. This problem can be over-rieved from FTIR spectra depend on the stability of the light
come by a determination of the offset using the modulationsource during the measuremeBegr, 1992 Notholt et al,
efficiency of the instrument. With known modulation effi- 1997 since intensity fluctuations can distort the fractional
ciency the offset can be calculated, and the source brightnediie depth in FTIR spectraeppel-Aleks et al.2007). This
correction can be performed on the basis of offset-correctedjistortion of the fractional line depth is due to an additional
interferograms. apodisation which results from the variable source intensity
We present a source brightness fluctuation Correctiorﬁ.nd distorts the instrumental line shape (|LS). Variations in
method which performs the smoothing of the raw DC in- the source brightness caused e.g. by clouds decrease the ac-
terferogram in the interferogram domain by an applicationcuracy and precision, but cannot always be avoided. Thus,
of a running mean instead of high-pass filtering the corre-one aim of the NDACC and TCCON networks is to reduce
sponding spectrum after Fourier transformation of the rawthe impact of source brightness fluctuations (SBFs) on FTIR
DC interferogram. This smoothing can be performed with SPectra by applying a correction to the spectra following the
the onboard software of commercial instruments. measurements.
The improvement of MCT spectra and subsequent ozone The idea of SBF correction was primarily published by
profile and total column retrievals is demonstrated. Appli- Brault (1989 and was recently picked up H¢eppel-Aleks
cation to InSb interferograms in the near infrared spectralet al. (2007). In general, a SBF correction can be applied

region proves the equivalence with the established correctio@n Fourier Transform DC interferograms. The measured
scheme. raw interferogram/;ay is reweighted by the corresponding

smoothed interferogramymoothin terms of
Iraw

ICOI‘I’ =5 (1)

Ismooth
The reweighting compensates the intensity fluctuations dur-

Correspondence tol. Ridder ing the measurement and adjusts the modulation height in the
BY (tridder@iup.physik.uni-bremen.de) interferogram (Fig. 1).
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Fig. 2. Schematic of a DC interferogram measured with a MCT
detector showing an unknown offsét The ratioA (modulation
height) toB— 0O (background intensity) demonstrates the modula-
tion efficiency of the instrument.
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Fig. 1. Schematic of a SBF correction on the basis of one DC in- dure to determine the unknown offset has not been published
terferogram:/raw (green) demonstrates a raw DC interferogram un- g fgr. Thus, MCT interferograms have not been corrected
der the influence of SBHgmgoth (red) pictures the corresponding for SBFs in previous studies.

smoothed interferogram, andorr (black) demonstrates the SBF- In Sect. 2 we present a solution to remove the unknown

corrected interferogram (OPD: optical path difference). offset in MCT-DC interferograms allowing MCT spectra for
an application of source brightness fluctuation correction.

Keppel-Aleks’ et al. (2007) analysis is focused on the nearWe pre_sen_t a method of source brightness fluctuation correc-
infrared spectral region measured simultaneously with an Infion which is independent of the used detector and can, thus,
GaAs diode and a Si diode detector. Their full SBE correc-P€ applied to spectra in the whole infrared spectral region.
tion is integrated into the software called “slice-ipp” (devel- N Sect. 3 we study the impact of source brightness fluc-
oped at the Jet Propulsion Laboratory, Pasadena, CA, USA)tyation correction on MCT spectra. We further investigate
and the smoothed interferogralgioothis generated by high- the influence of SBF correction on the retrieval of fro-
pass filtering in three steps: (1) taking a fast Fourier TransJiles and total column concentrations. In addition, we test our
formation (FFT) of the raw DC interferogram, (2) applying SBF correction method by comparing it to the method pre-
a spectral filter to the Fourier Transform removing all in- Sented byKeppel-Aleks et al(2007) based on the example of
terferometric modulation, and (3) taking a second FFT of CO total column concentration measurements in Bialystok,
the filtered Fourier Transform. In their analysis they show Poland.
that the precision and accuracy of g@tal column con-
centrations can be improved by the application of a SBF
correction to spectra in the near infrared spectral region2 Method
(380015 750 cm?).

However, the application of a SBF correction to spectra
in the mid infrared spectral region (700-3800CHfor the
analysis of many important trace gases, such gsi$rea- A
sonable. Between 3800 crh and 2000cm?® FTIR spec- M=—— (2)
tra are measured with an InSb detector. Below 2000'cm B-0
FTIR spectra are usually measured with a photoconductivesf the instrument (Fig. 2) using an InSb detector and a small
MCT (mercury-cadmium-telluride) detector. Spectra mea-optical filter (bandwidth: 1900-2700cmh). In Eq. (2) A
sured with such a MCT detector are generally considered unis the AC signal intensity an@ is the DC signal intensity
correctableGriffith and de Haset1986 Raqg 1992; during  plus the offset. The measurement is repeated with the MCT
the measurement process the MCT is applied with a constardetector using the same filter and optical settings. Thus, we
voltage which adds an unknown offsét to the measured can assume that the modulation efficiency is the same for
DC interferogram (Fig. 2). A preamplifier circuit diagram both detectors,
can be found in Fig. 6. The unknown offset perturbs the SBF
correction method (Eq. 1) since the reweighting of the raw,, _ _ Amsb __ Amct 3)
interferogram with the smoothed interferogram now ampli- Binsb  BmecTt—O
fies the modulation by an incorrect ratio. Thus, the unknown
offset has to be removed prior to a SBF correction.

Removing the unknown offset is essential to allow for AMmcT
a SBF correction of MCT interferograms. However, a proce- O = Buct — Minsh (4)

The offset in MCT interferograms can be removed in two
ways. In the first case, we measure the modulation efficiency

and the offset can then be calculated as
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1 AC (a)

DC (b;

The variablesApyct and Byct, both need to be determined 12
in the vicinity of the interferogram’s centerburst to avoid er- ©
rors in the offset due to a change in the source brightness,,
Since the offset is dependent on the modulation efficiency
of the instrument, the modulation efficiency has to be deter-
mined regularly to avoid errors in the offset due to a change
in the instrument alignment.

The second way to remove the offset in MCT interfero-
grams can be applied to a pair of interferograms which is
measured directly in series, if both centerbursts differ in their 100 .
intensity due to SBF (Fig. 2). The modulation efficiency in
each interferogram must be equal,

4

intensity (%) intensity (%)
N
>

SBF-corr
100

intensity (%)

OPQ (cm)

intensity (%)

Avct; AwmcT,

MwmcT, = = = MwmcT )
! Buct,—O  Bmct,— O ? Y \ \—
o AW T I AL IO "|
and the offset is calculated as 5%
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AMCTZ - AMCT]- 700 wavelength (cm™) 10I00 1300
This method is independent of the alignment of the instru-Fig. 3. SBF correction of a solar absorption MCT interferogram;

ment in comparison to the first method. (a) AC interferogram(b) DC interferogram(c) SBF-corrected in-

terferogram(d) AC spectrum and SBF-corrected spectrum (shifted

For the SBF correction (Eq. 1) all operations can be per- _ :
formed within OPUS (version 6.5), the standard Bruker SpeC_along ordinate)e) residual plot of AC spectrum and SBF-corrected

troscopy software. Il 5y is measured with the OPUS mea- spectrum.
surement procedure, the offset is subtracted from the raw

interferogram using the OPUS calculat@gyooth is gener-
ated by a direct smoothing dfay with the OPUS running

mean function, and the reweighting is again performed bySolar absorption FTIR spectra are obtained by a Bruker IFS

the OPUS calculator. The procedure is independent of the_L20/5M and a Bruker IFS 125HR Fourier Transform spec-

used detector, and it can be applied automatically and in'trometer. The IFS 120/5M was applied during a field cam-
stantaneously together with the measurement process. TI}?

thing | lished b Ning. twi . aign aboard research vessel (RV) Sonne in 2009. Here, the
Smoo 'r,:ﬁ |sdatc:compt|s _ed y ";‘Fi%gg‘gﬂ‘]”'ceh"’? runfnlﬂg problem of SBF had to be addressed in particular since the
mean with a data point window o ). The choice o ecampaign was planned as a North-South transit from Japan
data point window is not critical as long it does not affect the

dulation f ies. H ble | bound to New Zealand crossing over the tropics, where an increased
moduiation frequencies. Here, a reasonable lower boun ar}ﬁppearance of clouds was expected. By default the 120/5M
for the window size is 500 data points.

measures in AC mode, but was adjusted to measure in DC
Admittedly, the OPUS running mean function still ignores mode with all detectors (InGaAs, Si, InSb, MCT) for the
datapoints at the edges ffw, and thus, the reweighting is  \hole infrared spectral region. Measurements in the mid in-
inaccurate there. However, this problem is of no great con+rgred spectral region were performed using a photoconduc-
sequence for the procedure; in forward-backward scans thgye MCT detector at low signal intensity in order to avoid
edges of the interferogram are only of importance for thepgn-jinearity effects. The IFS 125HR is based in Bialystok,
phase correctiorBrault, 1987 Chase1982, and the phase  pgjand, and measures in DC mode only for the near infrared
correction can be adjusted by slightly reducing the phase reSrange (3800-15 750 cm) with an InGaAs diode and a Si
olution. In single scans the problem can be avoided by min-giode detector. The spectral coverage of each individual de-
imally reducing the resolution and phase resolution of theiector used in the IFS 125HR and the IES 120/5M during
measurement. solar absorption measurements is shown in Table 1.
In Sect. 3 DC interferograms are compared to SBF-
corrected interferograms and AC interferograms. The AC3.1 MCT
interferograms are numerically deduced by subtracting the
smoothed interferogram from the raw interferogram within Figure 3 shows the SBF correction of a solar absorption FTIR
OPUS. interferogram measured with the 120/5M spectrometer using

3 Results

www.atmos-meas-tech.net/4/1045/2011/ Atmos. Meas. Tech., 4, 10852011
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Table 1. Spectral range of different detectors used during solar absorption measurements with the 120/5M and 125HR instrument.

MCT InSb InGaAs Si
120/5M  600-1500cm!  1800-4500cm! 3800-11000cml  10000-15750 cmt
125HR - - 3800-11000cmt  10000-15750 cmt
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Fig. 4. Influence of SBF correction on the retrieval of @rofiles and total column concentrations. Left: Three MCT, DC interferograms
with and without the influence of SBF. Centerz profiles retrieved from the corresponding AC and SBF-corrected spectra. RiglataD
column concentrations.

a MCT detector. In Fig. 3a—c three interferograms are showrThe correction compensates the intensity fluctuations and
(AC, DC, SBF-corrected), in Fig. 3d two spectra createdreweights the interferometric modulation visible in the equal-
from the AC and the SBF-corrected interferograms are preized heights in both interferograms (Fig. 3c).
sented, and in Fig. 3e a residual plot determined from the AC The corresponding spectra of the AC interferogram and
and the SBF-corrected spectra is displayed. The interferothe SBF-corrected interferogram are shown in Fig. 3d. The
grams’ intensity is described as the percentage efficiency oprocedure corrects spectral errors visible e.g. in the spectral
the instrument’s ADC (analog-to-digital converter). range between 990 cmh and 1070 cmt. Here, a variety of
The AC-forward-backward interferogram reveals that the spectral lines are generally saturated. However, the AC spec-
measurement is influenced by SBF causing different heightsrum shows a strong oversaturation in this range due to the
in both interferograms (Fig. 3a). More obviously, the influ- incorrect expression of the line depth caused by the source
ence of SBF is visible in the DC interferogram (Fig. 3b). The brightness fluctuations. This effect is corrected in the SBF-
DC interferogram indicates an intensity loss towards the endcorrected spectrum. The residual plot in Fig. 3e shows the
of the measurement and shows the same modulation loss alifference between the AC spectrum and the SBF-corrected
in AC mode. Furthermore, the DC interferogram features thespectrum. Deviations of up to 4 % are revealed.
typical MCT offset. The influence of SBF correction on the retrieval of trace
For the SBF correction the offset in the MCT-DC interfer- gas concentrations is demonstrated in Fig. 4 based on the ex-
ogram has to be removed. Following the first method (Eq. 4)ample of QG retrieved from MCT-DC spectra. Three inter-
the offset is calculated a8 =0.546519 using a modulation ferograms are shown which were measured in series within
efficiency of Mijnsp=87 % measured with the InSb detector. one hour. The first interferogram was measured under clear
Following the second method (Eqg. 6) the offset is calculatedsky conditions, the second and third interferogram were mea-
as 0 =0.548764 in excellent agreement to the first methodsured under the influence of SBF (Fig. 4, left). All three in-
(deviation of 0.41 %). terferograms show the typical MCT offset which is removed
Following the removal of the offset the SBF correction for the SBF correction using the first method with a fixed
with OPUS can be applied. Thereby, the phase resolutiormodulation efficiency oMnsp=87 %.
was reduced from 4 crt to 4.7 cnm! according to Sect. 2.

Atmos. Meas. Tech., 4, 1045651 2011 www.atmos-meas-tech.net/4/1045/2011/
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Table 2. Impact of errors in the offset determination on the retrieval gt@al column concentrations; percentage deviations are related to
the initial value (6.687% 108 mol cm~2) calculated from the undisturbed AC spectrum. Numbers are given{fnol cnm—2.

Example Offset O =0ffset0=0.54 0=053 0=052 0=051 0=0.50

1) 0.5455 6.6966 6.6963 6.6959 6.6955 6.6951 6.6948
(0.13%) (0.13%) (0.13%) (0.12%) (0.11%) (0.11%)
@) 0.5470 6.7150 6.7166 6.7243 6.7308 6.7363 6.7411
(0.41%) (0.43%) (0.54%) (0.64%) (0.72%) (0.80%)
©) 0.5468 6.6520 6.6234 6.5732 6.5347 6.5042 6.4795

(0.54%) (0.96%) (1.71%) (2.29%) (2.74%) (3.1%)

The retrieval of @ profiles and total column concentra- T ;
tions was accomplished in each case for the AC and the 3o e -t
SBF-corrected spectrum using the retrieval software SFIT2E | NW + |
(Rinsland et al.1998. For the retrieval of @the standard =, s M
NDACC microwindow (1000-1005 cnt) was used. Since 8 [*° e R
the measurements were performed within one hour, it can |sso 4

be assumed that thes@oncentrations have not significantly 05:00
changed during this time period.

In Fig. 4 (center) three measurements of @ofiles are  rig 5. Comparison ok CO; total column concentrations from un-
shown. The first one was performed under clear sky condicorrected (+), slice-ipp corrected (o), and OPUS-correctpsigec-
tions, whereas the second and the third one were performegla.
under the influence of SBF. In the first case, thepofiles
of the AC spectrum (AC) and the SBF-corrected spectrum
(SBF-corr) are identical showing that the SBF correction hadh the second (2) and third (3) case. Large errors in the off-
no influence on undisturbed spectra. In the second case, uget (8.5 %) lead to an error of up to 3.1 % in the total column
der the small influence of SBF thes@rofile from the AC concentration. Small errors in the offset determination on the
spectrum differs from the first case. In contrast, thep@- other hand do not significantly change the total column con-
file from the SBF-corrected spectrum equals the undisturbedgentrations (an error of 1.3 % in the offset in case (3) leads to
profiles in case one. In the third case, the influence of SBFan error of less than 1% in the total column concentration).
is more obvious. The AC-®profile strongly differs from
the original profile. However, the £profile from the SBF-
corrected spectrum equals the undisturbed cases.

+ no SBF-corr.
O slice-ipp SBF-corr.
* OPUS SBF-corr.

N
L&
=)
1)

April 26th, 2009 (UTC)

3.2 InGaAs

. . In Sect. 2 the source brightness fluctuation correction method
The impact of SBF can also be seen in thet®tal col-  ygsed in this study to correct MCT interferograms after the
umn concentrations (Fig. 4, right). In the undisturbed caseyemoval of the offset was presented. This correction method
the total column concentrations of the AC spectrum and thgg pased on Eq. (1) which describes the reweighting of the DC
SBF-corrected spectrum are identical (deviation of 0.13 %).interferogram followingBrault (1985. Keppel-Aleks et al.

In the second and third case, the AC total column concen{2007 used the same equation as a basis for their correction.
trations differ from the undisturbed case with a deviation of jowever, the realization of the reweighting differs.

1.74% and 6.73 %, respectively. The SBF-corrected total Interferogram offsets are not an issue Keppel-Aleks
column concentrations, however, equal the undisturbed cong; 4. (2007). However, beyond the feasibility of offset-
centrations with a negligible deviation of 0.41 % and 0.54 %, cqrrection our method differs from the method Keppel-
respectively. Aleks et al.(2007) also with respect to the numerical im-
Based on the three examples in Fig. 4 we now study theplementation of the low-pass filtering. In order to prove the
impact of errors in the determination of the offset on the re-validity of our method, we compare our implementation to
trieval of O3 total column concentrations. In Table 2 the to- the method irKeppel-Aleks et al(2007) using InGaAs mea-
tal column concentrations of{Jand their percentage devi- surements since their method is not applicable to MCT mea-
ations to the AC reference value) for the three examples andurements.
for different applied offsets are presented. In the undisturbed In Keppel-Aleks et al(2007) the smoothed interferogram
case (1) the offset does not affect thg i@trieval. However,  Ismooth IS generated in the spectral domain within the self-
the impact of errors in the offset on the retrieval increasesmade program slice-ipp by applying a Fourier transformation

www.atmos-meas-tech.net/4/1045/2011/ Atmos. Meas. Tech., 4, 10852011
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Fig. 6. Preamplifier circuit diagram of the photoconductive MCT detector (Bruker GmbH). A voltage applied to the detector element causes
an unknown offset in the DC interferogram.

to the raw interferogram and cutting of the low frequencieslowing the TCCON approach (microwindows: 6220¢h

in the corresponding spectrum. Here, the smoothing is per6339 cnt?) using the retrieval software GFIT\unch et al,

formed in the interferogram domain by applying the standard201Q Toon et al, 1992.

Bruker OPUS smoothing function directly fg,. Using the The comparison contains three kinds of spectra (Fig. 5):

Bruker software OPUS for the correction has two advantagesincorrected spectra, SBF-corrected spectra according to

compared to the method presentedkiappel-Aleks et al.  Keppel Aleks et al. (slice-ipp SBF-corr), and SBF-corrected

(20079). First, the commercially available spectroscopic soft- spectra according to the method presented here (OPUS SBF-

ware OPUS is used which is by default applied by most of thecorr). For the OPUS SBF correction the spectra were modi-

NDACC and TCCON stations. Second, it can easily be ap-fied as discussed in Sect. 2; the resolution was reduced from

plied to different spectral regions with different measurement0.014 cnt! to 0.0141 cm! and the phase resolution was di-

parameters in contrast to slice-ipp, which is custom-tailoredminished from 4 cm?' to 4.7 cnt!. For generatingsmooth

to the TCCON near-infrared spectral region and can not readthe OPUS smoothing function is applied twice with a data

ily be used for the correction of the mid-infrared spectral re- point window of 1000.

gion. Figure 5 shows theaCO, total column-averaged dry air

dnole fraction Messerschmidt et al.201Q Washenfelder

et al, 2009 for Bialystok, Poland, in April 2009 for all

three cases. All three cases agree well within the intervals

(2007) based on the example of G@otal column concen- whgre the measurements are not influenced by SBF (Fig. 5,
0. white background). In the intervals where the spectra are

tration measurements in Bialystok, Poland, in April 2009. . -
These CQ measurements are subject to the TCCON require—Influenced by SBF (Fig. 5, grey background) the precision

ments which require a high precision of 0.1%. The compar—Of the CQ total column concentrations decreasg for uncor-
ison is therefore suitable for a quality test of the correctionreCted spectra. SBF-corrected spectra, following Keppel-

method since errors in the correction method will be reflectedAleki_ et E_il‘ (20_07_)|’ Show an |mprofvemer(1jt_ '? tgedprecmton
in the precision of the measurement. resulting in a similar precision as for undisturbed spectra.

The CQ total column concentrations from the spectra cor-
The CQ measurements were performed according to therected with the SBF correction method presented here show

TCCON standard with a 125HR Spectrometer in Single-Scthe same improvement in the precision_

mode. Likewise, the C®retrieval was accomplished fol-

Due to the differences in both methods we test the metho
presented in this study by comparing our SBF correction
method to the method presented Kgppel-Aleks et al.

Atmos. Meas. Tech., 4, 1045651 2011 www.atmos-meas-tech.net/4/1045/2011/
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4 Conclusions Messerschmidt, J., Macatangay, R., Notholt, J., Petri, C.,
Warneke, T., and Weinzierl, C.: Side by side measurements of

We showed a source brightness fluctuation correction method CO, by ground-based Fourier transform spectrometry (FTS),

for solar absorption Fourier Transform infrared spectra Tellus B, 62, 749-758(0i:10.1111/j.1600-0889.2010.00491.x

which is independent of the detector and wavelength and can 2010.

be used for a correction of the whole infrared spectral region NPACC: Network for the Detection of Atmospheric Composition

We tested our source brightness fluctuation correction Change, available athttp://www.ndsc.ncep.noaa.govast ac-

method by comparing it to the method used within the TC-  6°SS: 1 January 2011,1991. — ~ _

CON network Keppel-Aleks et al.2007) based on the ex- Notholt, J., Schtt, H., ar_1d Kee_ns, A.: Solgr absorptl_on measure-

ample of CQ total column concentration measurements. We ments of stratospheric OH in the UV with a Fourier-transform

X . < spectrometer, Appl. Optics, 36, 60766082, 1997.
found an improvement in the precision of g@@tal column  Nqtholt, J., Kuang, Z., Rinsland, C. P, Toon, G. C., Rex, M.,

concentrations identical to the TCCON approach. Jones, N., Albrecht, T., Deckelmann, H., Krieg, J., Weinzierl, C.,

Spectra in the spectral region below 2000¢measured Bingemer, H., Weller, R., and Schrems, O.: Enhanced upper
with a MCT detector were previously considered uncor- tropical tropospheric COS: impact on the stratospheric aerosol
rectable due to an unknown offset in the interferogram. We layer, Science, 300, 307-31@0i:10.1126/science.1080320
presented a solution to remove the unknown offset in MCT  2003.

interferograms allowing MCT spectra for an application of Rao, K._ N.: Spectros_copy of the Earth’s Atmosphere and Interstellar
source brightness fluctuation correction. Medium, Academic Press, Boston, MA, USA, 1992.

- - - Rinsland, C. P., Levine, J. S., Goldman, A., Sze, N. D.,
We showed a source brightness fluctuation correction ap Ko. M. K. W.. and Johnson, D. W.: Infrared measurements of

plied on_ MCT Spectr.a which |n_1prove_s the quality of the HF and HCI total column abundances above Kitt Peak, 1977—
spectra in terms of signal to noise ratio and spectral errors ;999 seasonal cycles, long-term increases, and comparisons
resulting in an improved retrieval of{profiles and total col- with model calculations, J. Geophys. Res., 96, 15523-15540,
umn concentrations. doi:10.1029/91JD01249991.

) ) Rinsland, C. P., Jones, N. B., Connor, B. J.,, Logan, J. A,
AcknowledgementsiVe acknowledge the financial support from  pqygatchev, N. S., Goldman, A., Murcray, F. J., Stephen, T. M.,

the Bundesministerium fuer Bildung und Forschung (BMBF)  pine A.S., Zander, R., Mahieu, E., and Demoulin, P.: Northern

within the TRANSBROM and SO-203 projects with RV Sonne.  ang Southern Hemisphere ground-based infrared spectroscopic
T. Ridder is supported by the Earth System Science Research measurements of tropospheric carbon monoxide and ethane,

School (ESSReS). J. Geophys. Res., 103, 28197-282d8j:10.1029/98JD02515
1998.
Edited by: T. von Clarmann TCCON: Total Carbon Column Observing Network, available at:

http://www.tccon.caltech.edlast access: 1 January 2011, 2005.
Toon, G. C., Farmer, C. B., Schaper, P. W,, Lowes, L. L., and Nor-
ton, R. H.: Composition measurements of the 1989 arctic winter
stratosphere by airborne infrared solar absorption spectroscopy,
J. Geophys. Res., 97, 7939-7961, 1992.

\elazco, V., Notholt, J., Warneke, T., Lawrence, M., Bremer, H.,
Drummond, J., Schulz, A., Krieg, J., and Schrems, O.: Lat-
itude and altitude variability of carbon monoxide in the At-
lantic detected from ship-borne Fourier transform spectrome-

N try, model, and satellite data, J. Geophys. Res., 110, D09306,
doi:10.1007/BF01201691.987. doi:10.1029/2004JD005352005.

Chase, D. B.: Phase correction in FT-IR, Appl. Spectrosc., 36, 240_Washenfe|der, R. A, Toon, G. C., Blavier, J-F., Yang, Z.,

Gozlgri’aigéfl Murcray, F. J., Murcray, F. H., Murcray, D. G., and Allen, N. T, Wennberg, P. O., Vay, S. A, Matross, D. M,

. o SR P e and Daube, B. C.: Carbon dioxide column abundances at the
Rinsland, C. P.: Measurements of several atmospheric gases Wisconsin Tall Tower site, J. Geophys. Res., 111, D22305
above the South Pole in December 1986 from high-resolution doi'10.1029/2006JD00715;1006. ' ' '

3- to 4-um solar spectra, J. Geophys. Res., 93, 7069—7074\,/\/unc'h D. Toon G. C. Blavier J. L
doi:10.1029/JD093iD06p070692988. S oL "

Griffith, P. R. and de Haseth, J. A.: Fourier Transform Infrared
Spectrometry, vol. 83, Wiley-Interscience, Hoboken, NJ, USA,
1986.

Keppel-Aleks, G., Toon, G. C., Wennberg, P. O., and
Deutscher, N. M.: Reducing the impact of source bright-
ness fluctuations on spectra obtained by Fourier-transform
spectrometry, Appl. Optics, 46, 4774-4779, 2007.

References

Beer, R.: Remote Sensing by Fourier Transform Spectrometry,
vol. 120, Wiley-Interscience, New York, NY, USA, 1992.

Brault, J. W.: High Resolution in Astronomy, Swiss Society of As-
tronomy and Astrophysics, Sauverny, Switzerland, 1985.

Brault, J. W.: High precision fourier transform spectrometry: the
critical role of phase corrections, Microchim. Acta, 93, 215-227,

Washenfelder, R.,
Notholt, J., Connor, B. J., Griffith, D. W. T., Sherlock, V., and
Wennberg, P. O.: The total carbon column observing network
(TCCON), Philos. T. R. Soc. A., 369, 2087-2112, 2010.

Zander, R., Stokes, G. M., and Brault, J. W.: Simultaneous detec-

tion of FC-11, FC-12 and FC-22, through 8 to 13 micrometers

IR solar observations from the ground, Geophys. Res. Lett., 10,

521-524d0i:10.1029/GL010i007p00521983.

www.atmos-meas-tech.net/4/1045/2011/ Atmos. Meas. Tech., 4, 10852011


http://dx.doi.org/10.1007/BF01201691
http://dx.doi.org/10.1029/JD093iD06p07069
http://dx.doi.org/10.1111/j.1600-0889.2010.00491.x
http://www.ndsc.ncep.noaa.gov/
http://dx.doi.org/10.1126/science.1080320
http://dx.doi.org/10.1029/91JD01249
http://dx.doi.org/10.1029/98JD02515
http://www.tccon.caltech.edu
http://dx.doi.org/10.1029/2004JD005351
http://dx.doi.org/10.1029/2006JD007154
http://dx.doi.org/10.1029/GL010i007p00521

