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Remote sensing of CO2 and CH4 using solar absorption spectrometry with a low
resolution spectrometer

Abstract

Throughout the last few years solar absorption Fourier Transform Spectrometry (FTS) has been further
developed to measure the total columns of CO2 and CH4. The observations are performed at high
spectral resolution, typically at 0.02 cm(-1). The precision currently achieved is generally better than
0.25%. However, these high resolution instruments are quite large and need a dedicated room or
container for installation. We performed these observations using a smaller commercial interferometer at
its maximum possible resolution of 0.11 cm(-1). The measurements have been performed at Bremen and
have been compared to observations using our high resolution instrument also situated at the same
location. The high resolution instrument has been successfully operated as part of the Total Carbon
Column Observing Network (TCCON). The precision of the low resolution instrument is 0.32% for XC02
and 0.46% for XCH4. A comparison of the measurements of both instruments yields an average deviation
in the retrieved daily means of 0.2% for CO2. For CH4 an average bias between the instruments of 0.47%
was observed. For test cases, spectra recorded by the high resolution instrument have been truncated to
the resolution of 0.11 cm(-1). This study gives an offset of 0.03% for CO2 and 0.26% for CH4. These
results indicate that for CH4 more than 50% of the difference between the instruments results from the
resolution dependent retrieval. We tentatively assign the offset to an incorrect a-priori concentration
profile or the effect of interfering gases, which may not be treated correctly.
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Abstract. Throughout the last few years solar absorption1 Introduction

Fourier Transform Spectrometry (FTS) has been further de-

veloped to measure the total columns of £4hd CH;. The

observations are performed at high spectral resolution, typi-The investigation of the sources and sinks of greenhouse
cally at 0.02 cn. The precision currently achieved is gen- 9ases requires accurate measurements of their atmospheric
erally better than 0.25 %. However, these high resolution in-concentrations. So far, knowledge on the atmospheric bur-
struments are quite large and need a dedicated room or colen of CQ and CH, is mainly based on in-situ measure-
tainer for installation. We performed these observations usments, which sample the air at the surface. In addition, spo-
ing a smaller commercial interferometer at its maximum pos_radic aircraft observations in the lower atmosphere and a few
sible resolution of 0.11 cmt. The measurements have been tall tower measurements are available. However, using sur-
performed at Bremen and have been compared to observdace data in inverse models requires assumptions on the ver-
tions using our high resolution instrument also situated at thdical mixing of the airmasses. Total column measurements
same location. The high resolution instrument has been suc@n the other hand are much less influenced by vertical mix-
cessfully operated as part of the Total Carbon Column Obdng, which reduces the assumptions made in inverse models
serving Network (TCCON). The precision of the low resolu- (Yang et al, 2007). However, the effect of local sources/sinks
tion instrument is 0.32 % for XC@and 0.46 % for XCH. A is dampened in the total columns.

comparison of the measurements of both instruments yields Reémote sensing has been established as a powerful tool in
an average deviation in the retrieved daily means-02 % atmospheric science. Using the sun or moon as a light source,
for CO,. For CH, an average bias between the instrumentsUP to 30 trace gases can be observed in the infrared spec-
of 0.47 % was observed. For test cases, spectra recorded tSSﬁ' region. These observations yield, first of all, the total
the high resolution instrument have been truncated to the restolumns of these trace gases. These total column measure-
olution of 0.11 cnv?. This study gives an offset of 0.03 % for Ments can be performed either from the ground by upwards-
CO, and 0.26 % for Ch. These results indicate that for gH  |00king solar absorption spectrometry, or by downward-
more than 50 % of the difference between the instruments relooking satellites using sunlight, reflected at the earth sur-
sults from the resolution dependent retrieval. We tentativelyface. Over the last few years ground-based solar absorption
assign the offset to an incorrect a-priori concentration profileFourier Transform Spectrometry (FTS) and especially the re-

correctly. averaged total column mixing ratio of GGnd CH; with

high precision. In order to minimize systematic errors and
to achieve the required precision, the column-average dry-
air mole fractions (DMF) of C@, named XCQ and CHj,
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1628 C. Petri etal.: CQ sensing w. low res. FTS

named XCH, are determined by normalizing them to the Table 1.Standard TCCON retrieval windows for GOCH4 and G>.
known dry-air mole fractions of @of 20.95 %.

Central wavenumber  Spectral width

column C Gas
XCO; (O) = 0.2095. Z2MMN CQ (1) [em™1] [em™1]
column @
COo, 6220.00 80.00
and CO, 6339.50 85.00
column CH, CHy 5938.00 116.00
XCHg (O2) = 0.2095: column G | 2 CHy 6002.00 11.10
CHgy 6076.00 138.00
All retrieved columns share systematic errors as they are Oz 7885.00 240.00

measured by the same observing system. Normalizing them
in this way hence reduces some of the systematic errors. As
the XCO(0z) and XCHy(Oy) is always calculated by ratio-  greenhouse gas instruments SCIAMACHY (Scanning Imag-
ing with O, in this paper, the () is tacitly left out fromnow g Absorption Spectrometer for Atmospheric Cartography)
on. _ _ ~onboard ENVISAT (Environmental Satellite), TANSO-FTS
These ground-based observations are organized into @rpnermal And Near Infrared Sensor for Carbon Observation
global measurement community, the Total Carbon Col-pqyrier Transform Spectrometer) onboard GOSAT (Green-

umn Observing Network or TCCONAunch et al.2011).  poyse Gases Observing Satellite) and OCO-2 (Orbiting Car-
Within TCCON, the high resolution Bruker interferometers 5, Observatory) are 7.0 cth, 0.2 cntt and 0.3 cm?, re-

(IFS120HR and 125 HR) have been widely accepted as prespectively. Since the individual spectral lines are not fully re-
ferred instruments as they have demonstrated the long anggved at these resolutions in the spectra recorded by these
short-term stability required by TCCON standards. This iSgateljites, the retrieval requires a good knowledge of the
possible due to their large light throughput, coupled with p5ckground intensity and the underlying interfering gases.
high spectral resolution, thus achieving sufficient precision gefore using low resolution ground-based instruments in
and accuracy. Spectra are taken at maximum optical path difany network as an operational instrument, a validation and
ferences between 45cm and 65cm, corresponding to resQsjipration procedure is required. The obvious choice to per-
lutions varying between 0.014 cthand 0.02cm*, respec-  form such a validation/calibration campaign is to use high
tively, where the resolution is defined (following the Bruker resojytion TCCON instruments as a reference. Since our high
notation) as resolution=0.9/OPD, where the OPD is theresolution IFS 125 HR has been calibrated within the IMECC
maximum optical path difference. Throughout this paper theyjrcraft campaign it can serve as appropriate reference for the
standard TCCON retrieval windows for GOCHs and Q, IFS 66. In this paper we present ground-based solar absorp-
as shown in Tablé have beenused. tion observations of COand CH, using the small commer-
XCO can be measured with a precision of better thancig| interferometer Bruker IFS 66 at its maximum possible
0.25% and XCH to better than 0.4%¥Mang et al, 2002 yggolution of 0.11 cm?. The measurements have been per-
Warneke et a).2005 Washenfelder et al2006 Deutscher  tormed in Bremen, Germany (53.I, 8.8 E) for nine days
etal, 201Q Messerschmidt et a201Q Wunch etal.2010.  petween winter 2009 and spring 2010. The results have been
The accuracy has been determined by aircraft campaigns tompared to observations performed by our high resolution
be in the order of 0.2% for XC®and 0.4% for XCH  TCCON instrument running at the same site in Bremen. Be-
(Deutscher etal201Q Messerschmidt eta201q Wunch et sjdes the direct comparison, the effect of the resolution on
al., 201Q. During these calibration campaigns aircraft capa-ihe retrieved columns has been investigated by truncating the

ble of flying to high altitudes equipped with in-situ samplers high resolution spectra to a range of different resolutions be-
have been used to measure total columns of @ CH..  tween 0.014 cm?® and 0.5 crl.

All European TCCON instruments have been calibrated in
2009 within the EU project IMECCMesserschmidt et al.
2011). 2 Instrumentation

TCCON-instruments are quite large and require a separate
container or specific laboratory. It is therefore desirable toThe IFS 66 was installed in a room at our institute above the
use a more compact instrument. Low resolution instrumentdaboratory where the IFS 125HR is housed. A home-made
require much less space (their size being dictated largelgolar tracker, driven by a quadrant diode, is installed on the
by the maximum OPD) and can easily be used in remoteop of the building, feeding a parallel light beam onto the
areas or for short campaigns. Besides working as a travelentrance aperture of the IFS125HR. In order to minimize
ing standard, low- resolution measurements are of interesthe influence of the solar tracker (i.e. pointing errors), the
in understanding differences between the TCCON observasame solar tracker as used by the high resolution instrument
tions and satellite measurements (which are recorded at lowas used by the IFS66. We inserted a flat mirror &t 45
resolution). The resolutions of the three dedicated satellitento the vertical light beam to direct the sunlight from the

Atmos. Meas. Tech., 5, 1627635 2012 www.atmos-meas-tech.net/5/1627/2012/



C. Petri et al.: CO; sensing w. low res. FTS 1629

solar tracker to the IFS 66, intercepting the sunlight to the 5
high resolution instrument. This allows us to alternate mea-
surements between the instruments. Spectra were recorde
with the IFS 66 at a maximum resolution of 0.11chand
with the IFS125HR at 0.014 cm. In the IFS 125 HR the
moving mirror is driven on a set of polished rails while
the IFS 66 uses a frictionless air bearing. Both instruments
use filter wheels to select the aperture. The aperture of the ‘ ‘ ‘ ‘
IFS 125 HR was set to 1.0 mm diameter, corresponding to a 02 -01 0 01 02
field of view of 0.0024 radians. For the IFS 66 we used an Wavenumbers fem ]
aperture of diameter 0.25mm, resulting in a field of view
of 0.0016 radians. While the diameter of the parallel light
beam of the IFS125HR is 6.5cm, the parallel beam of
the IFS 66 is only 3.5cm. Both instruments were equipped
with CaF, beamsplitters and indium gallium arsenide (In-
GaAs) IR-detectors, working at room temperature. Further-
more, both instruments were purged with dry-air.

a)

Transmittance [ ]
2

—19.2°C

Modulation efficiency [%]

4
OPD lcml

3 Measurements and analysis Fig. 1. Linefit evaluation with a HCI gas cell for different temper-

) atures. Panegfa) shows the ILS (the line is truncated to show the
Measurements from bOth Instruments were recorded betweem']portant part in more deta”lb) shows the modulation efﬁciency

November 2009 and April 2010 on nine clear days. Thedecreasing with the OPD.
resulting solar absorption spectra were obtained alternately
by changing the optical path of the sunlight between the
instruments after each 30 min period. For the IFS125HR,4 Results
two scans were averaged, while ten scans were averaged for
the IFS 66. This leads to comparable observation times fo.1  Alignment and stability
each spectrum. For both instruments we used the commer-
cial OPUS software package supplied by Bruker to recordThe alignment of both instruments is checked by cell mea-
and transform the interferograms into spectra for later pro-surements using an HCI gas-cell of known pressure and tem-
cessing. To reduce the impact of source brightness fluctuaperature. Hereby, the Instrumental Line Shape (ILS) and
tions due to changes in the atmosphere, the retrieval strathe modulation efficiency are retrieved. The modulation ef-
egy within TCCON is to normalize the DC recorded inter- ficiency gives the amount of interference of the two light
ferograms with the low-pass filtered and smoothed signabeams within an FTS instrument. The light beam entering the
(Keppel-Aleks 2007). We did not apply this DC correction FTS is split at the beamsplitter. The two parts of the beam
as the IFS 66 is not able to record a DC signal. propagate different ways towards two different mirrors and
The analysis was performed using the least-squares algdack, overlapping at the beamsplitter. In a perfectly aligned
rithm GFIT, developed at NASA/JPT¢on et al, 1992. The instrument, the two parts of the beam are perfectly overlap-
algorithm has been adapted for TCCOMuynch et al.2011). ping for the same OPD in both beams (zero path difference),
GFIT scales an assumed a-priori concentration profile untilwhich leads to a fully constructive interference for every
the simulated spectra best fit the observations by minimizingvavelength. The modulation efficiency varies as a function
the RMS residual. The retrieved DMFs of g@nd CH, are of the OPD. In our set up the modulation efficiency is mea-
calculated by @ as discussed in the introduction. So far it sured by performing cell measurements of a gas with well
is not possible to consider the detector noise in the GFIT reknown pressure and temperature. Then the comparison of the
trieval. In our analysis we used a beta-version of GFIT thatmeasured and simulated spectrum allows to retrieve the mod-
has been modified to pre-adjust the stratospheric a-priori conulation efficiency and the ILS. The instrumental line shape
centration of CH, by making use of the known correlation (ILS) is the response we receive with the FTS from a theo-
between stratospheric Gknd HF. In the stratosphere HF is retical singular peak at a specific wavenumber. The ILS is a
a very stable trace gas. The tropospheric burden of HF casinc function which should be symmetric. The resolution of
be neglected compared to the stratospheric one. Therefor¢he FTIR is mainly determined by the width of the ILS, which
the total columns of HF, representing only the stratospherids a function of the OPD and the aperture. If a FTS is mis-
burden, allow building a more realistic stratospheric a-priori aligned, the ILS is lowered, broadened, and the wavenumber
profile of CH; (Washenfelder et gl2003. This leads to bet-  is shifted or asymmetric. A parallel offset leads to a lowered
ter spectral fits for Chl, as discussed later. ILS, a hereby measured spectrum has a lower signal to noise

www.atmos-meas-tech.net/5/1627/2012/ Atmos. Meas. Tech., 5, 18585 2012
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400 ‘ 1 i i i i
X IFS 66 — -
398+ XCOZ(P) O IFS 125 HR \ / \ — \ N
3961 x = ‘/
B x* x x 8 ‘ \
S 394r w X@ k=] 0.5 \ \ |
2 B % % « @ Eew g \ y
= 3921 % 3€X = \/
[a] % ':
390F X X
& b) IFS 125, OPD = 8.1 cm
0 ‘ ‘
388F  x
x = 0.05 . . . .
I I I I I I I I I I @©
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UTC [h] @ ‘ ‘ ‘ ‘
&—0.05

Fig. 2. Individual results for column-average dry-air mole fractions

(DMF) of COy, as measured by both instruments for 9 March 2010. ) // \ e e \ -

=

The shown values are calculated by ratioing to the surface pressure
rather than @, as shown in Figd. The SZAs vary from 78 degrees

in the morning to 57 degrees at noon and 82 degrees in the after-
noon.

Transmittance [ ]
o
[6;]

ratio. A misalignment at the outgoing part of the FTS leads to
a broadened ILS and a lowered resolution. A slope between
the overlapping beams leads to an asymmetric ILS and a shif
in wavelength. The lowering and the broadening of the ILS
is not a major problem as we have enough intensity and high
enough resolution. The shift in wavelength could be fitted,

mainly the asymmetric ILS could become a serious problem. .
So far it is not possible to consider the measured ILS in the \ fv\ / \

a) IFS 125, OPD = 64.3 cm

o

o
o
a

T T T T

o

Residual [ ]
)
o
[}

=

GFIT retrieval.

The ILS was retrieved with the “LINEFIT” program us-
ing HCI lines from 5680 to 5800 cnt (Hase et al.1999.
The IFS 125 HR typically gives a variation in the modulation Y
efficiency of <5% over the full OPD. For the IFS 66, the —— measured spectrum
modulation efficiency that has been measured directly after oL_©)IFS66,0PD =81 cm calculated spectrum

an alignment, increases linearly from 1.0 to 1.05 over the op- , , , ,

tical path difference of 8.1 cm. For this kind of optical set up,
using a 90 off-axis parabolic mirror in the interferometer, ‘ : ‘ ‘
along with a frictionless air bearing for the movable mirror, a 6002.5 6003 6003.5 6004
5% change in the modulation efficiency over the whole opti- Wavenumbers [cm Y]
cal path length is acceptable (A. K. Bruker, personal commu-
nication, 2009). However, the alignment of the IFS 66 wasFig. 3. Small part of a measured and simulated spectrum in the
found to be much more temperature sensitive than for thg€gion of Chy. Panel(a) shows the high resolution spectrum of
IFS 125 HR. Repeating the ILS measurements for Conditicmértl()3 i;FbSaiiz I-cl)ls tﬁte 2arr$120Imu222u?;n?e.(r)li4§uT t(r:?epilr?t;(fi:rocgrglrn has
\()Vhiroeog‘?;gﬂgir?;u;ecﬁgaheevrﬁct)LeeI?nb:éf}}gt% r\:VZ‘:'ﬁgZ;n;e een truncated to a resolution of 0.11¢h(OPD=8.1cm), an_d

y 9 Y (c) shows a spectrum measured by the IFS66 at a resolution of
of 2%. We hence performed a test where we took cell meaq 77 cprl.
surements at different room temperatures, results are shown
in Fig. 1.

The comparison for XC® by the IFS66 with the

IFS 125 HR indicates good agreement between both instruan imperfect a-priori VMR. When using a correct a priori,
ments, independent of the alignment of the IFS 66. In com-the deviations resulting from a misaligned instrument partly
parison, the results for XCHdepend on the alignment, see compensate, because the positive and negative residuals have
Tables2 and 3. Tentatively, we assign this dependency to a similar peak height. For an a priori that is far from ideal, the
the combination of the least-squares fitting together withresiduals of the fit might have different peak heights. In this

Transmittance [ ]
o
[}

— 0.05

o

Residual

-0.05
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400 396
8-  XCO, x 1 Xco,
392} @é o% ,

_ 396 % _ O
£ g
é 41 x ES 1 w O
oo XX xX X x = ® X
= % > X 3 388f @
[} ;@) % %@ % O

392r % ® @) % >§< q

X » o)

X
290. x o | | X IFS 66
X IFS 66 By ‘ _ |oiFsizsHR
O IFS125HR 23-Nov-2009 12-Jan-2010 03-Mar-2010 22-Apr-2010
e Date

7 8 9 10 11 13 14 15 16 17

388 v
UTC[h]
. o ) ] Fig. 6. Daily averages of XC@, as measured by the IFS 66 and the
Fig. 4. Individual results for column-gverage dry-air mole fractions |ES 125 HR. The daily means are calculated from single measure-
(DMF) of CO;, as measured by both instruments for 9 March 2010. ments as a weighted mean, weighted to the reciprocal of their error
10 interferograms have been averaged for the IFS 66 for one datggriance. As example typical error bars of enare shown.

point, and 2 interferograms for the IFS 125 HR. With typical er-

ror bars for single measurements as given by the retrieval software

GFIT. 1.82
XCH 4
, 0 9 2
1.83 18 o 0 o
X
182 XCH « g o 5
. 4 x £1.78 o
X = © x < x

1.81F % X X o o
= X % L
g % X &% X 1.76
i O & w0 B o«
L ) &@5 X X % X IFS 66
=} ® x & X7 @ x O IFS 125 HR

L P x 1748, ‘ ‘
179 x 23-Nov-2009 12-Jan-2010 03-Mar-2010 22-Apr-2010
X Date
178 .
X IFS 66 . .
O IFS 125 HR Fig. 7. Daily averages of XCll, as measured by the IFS 66 and the
L% o 11 12 13 14 15 16 17 IFS 125 HR. The statistics are calculated as described for Xi6O
uTC[h] Fig. 6.

Fig. 5. Individual results for column-average dry-air mole fractions
(DMF) of CHg, as measured by both instruments for 9 March 2010.4.2  Precision and comparability
10 interferograms have been averaged for the IFS 66 for one data
point, and 2 interferograms for the IFS 125HR. With typical er- Results for individual measurements of Xgénd XCH, are
ror bars for single measurements as given by the retrieval softwarghown in Figs4 and5. The error bars indicate the typical
GFIT. uncertainty for single measurements as given by the retrieval
software GFIT. The shown day is selected as it covers a large
case the quadratic dependency of the least-squares methedriation of solar zenith angles (SZA) from 78 degrees in the
yields wrong columns. morning to 57 degrees at noon and 82 degrees in the after-
As an example, Fig3 shows part of the spectral fitin one noon. The measurements of Xgé&nd XCH, show that there
CH, absorption window. Figur8a shows the measurements is not a significant dependency on SZAs. For the IFS 66, we
by the IFS125HR at a resolution of 0.014th(64.3cm  obtained a precision of 0.32 % (1.2 ppm) for £ahd 0.41 %
OPD). Figure3b shows the same spectrum as in Bg, but  for CH4 (7.3 ppb). For comparison, the network wide preci-
the interferogram has been truncated to 0.11tif8.1cm  sion of the IFS 125 HR was found to be 0.25 % (1.0 ppm) for
OPD), corresponding to the resolution of the IFS 66. Fig- CO; and 0.22 % (3.9 ppb) for CHin agreement withWunch
ure 3c shows the spectrum measured by the IFS 66 at a reset al. (201Q 2011J). It is important to note that these results
olution of 0.11 cnt! (8.1 cm OPD). The residuals of Figc were achieved for comparable observation times, two scans
have systematic deviations at the absorption lines, which wéor the IFS 125 HR and ten scans for the IFS 66. TaBlasd
attribute to non-optimal alignment of the interferometer. Our 3 give individual results for the nine days on which compa-
measurements show that the retrieved values are acceptaliable measurements were possible. In addition to the derived
for this instrument despite the asymmetric fit as shown inprecision the uncertainty based on the spectral fit and residu-
Fig. 3c. als is given.

www.atmos-meas-tech.net/5/1627/2012/ Atmos. Meas. Tech., 5, 18585 2012



1632 C. Petri etal.: CQ sensing w. low res. FTS

Table 2. Daily means of XCQ for nine measuring days. The daily means are calculated from single measurements as a weighted mean,
weighted to the reciprocal of their error variance. As an estimation for the error of the daily means the standard deyviatgiven. The
differences of the daily means are given in percent while the averages of differences are calculated from the absolute values.

XCOs IFS-125 HR b XCOs IFS-66 b Difference

Day [Ppm] [ppm] [ppm] [ppm] [%]

20 November 2009 385.00 0.48 385.27 1.05 0.07
1 December 2009 387.53 0.25 387.56 1.13 0.01
28 December 2009 388.59 2.98 388.55 1.90 -0.01
22 January 2010 389.07 0.60 388.36 0.76 -0.18
Average before alignment 387.55 1.08 387.44 1.21 0.07
4 March 2010 392.20 2.17 392.55 1.63 0.09
5 March 2010 392.02 0.18 391.63 1.17 -0.10
9 March 2010 392.44 1.61 392.69 1.38 0.06
12 April 2010 391.87 0.32 391.32 0.90 -0.14
15 April 2010 393.00 0.25 392.48 1.17 -0.13
Average after alignment 392.31 0.91 392.13 1.25 0.11

Table 3. Daily means of XCH for nine measuring days. The statistics are calculated as described for Md@ble 2. In the last column
an offset of 0.47 % is subtracted from the daily means measured by the IFS-66, then the difference is calculated and given in percent. Again,
the averages of differences are calculated from the absolute values.

XCHy4 IFS-125 HR o XCHy4 IFS-66 o Difference  Diff.-offset
Day [ppm] [x10~2 ppm] [ppm] [x10~2 ppm] [%] [%]
20 November 2009 1.776 0.52 1.746 1.29 -1.69 -2.15
1 December 2009 1.785 0.17 1,771 1.14 -0.78 -1.25
28 December 2009 1.798 0.73 1.770 0.53 -1.56 -2.02
22 January 2010 1.803 0.45 1.792 0.57 -0.61 -1.08
Average before alignment 1.791 0.47 1.770 0.88 1.16 1.62
4 March 2010 1.777 1.11 1.788 0.79 0.62 0.15
5 March 2010 1.785 0.18 1.796 0.79 0.62 0.14
9 March 2010 1.795 0.39 1.801 0.71 0.33 -0.14
12 April 2010 1.768 0.20 1.773 0.83 0.28 -0.19
15 April 2010 1.794 0.07 1.803 0.51 0.50 0.03
Average after alignment 1.784 0.39 1.792 0.73 0.47 0.13

Comparing the daily means from both instruments gives While XCO; is only slightly affected by a bad alignment,
an average deviation of 0.09 % or 0.35 ppm for XG&hich the deviations for XCl increase by a factor of three, as
is within the precision of both instruments (Fig). Daily given in Table and3.
means for XCH are shown in Fig.7. For XCH, the re- Evaluating the total columns of GGnd CH, shows sim-
sults from the IFS 66 are lower by 0.47 % compared to theilar results. @ and CQ agree within the error bars, expect
IFS 125 HR. The offset is constant and larger than the precifor very high SZAs in the early morning and late evening. In
sion. After subtracting this offset, the average deviations ofthe ratio this deviation is canceled out. FiguBeshows the
both instruments is 0.13 %, in agreement with the precisionretrieved XCQ calculated by ratioing to the surface pressure
of both instruments. column rather than measured &s is shown in Figd, show-

Till the 22 January 2010, the IFS 66 was not well aligned, ing the effect of the ratioing to £ CHj, differs in the same
so the effect of an improperly aligned instrument on the re-way as XCH, with additional errors for very high SZAs. The
sulting XCQO, and XCH, could be tested by comparing the difference of CQ and CH, as measured by both instruments
results. do not depend on the SZA.
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When comparing XChiobtained from both instruments, we 0 10 20 30 40 5 6 70
OPD [cm]

attribute the offset of 0.47 % to a combination of improper

a-priori profiles, erroneous spectroscopic data, and/or incorFig_ 10. Retrieved @, CO, and CH, total columns from the
rect assumptions in the pT-profile in the retrieval. The residu-gs 125 4R, by truncating the interferograms to different optical
als in Fig.3 indicate a non-perfect fit. We speculate that non- path differences. For Cand CH the different retrieval windows
ideal choice of input parameters for the least-squares fittingare shown. For Chithe initial a-priori profile has been shifted ver-
procedure have different effects for the low resolution spec-tically by —4 km. The shown bars give a percentage scale.

tra compared to the high resolution ones. In order to test the

effect of the resolution, we truncated the high resolution in-

terferograms of the IFS 125 HR to a resolution of 0.11ém In order to investigate this in more detail, we truncated the
the resolution used by the IFS 66. The results are shown itigh resolution interferograms of the IFS 125HR in several
Figs.8 and9. While XCO, shows almost no dependence on steps from a resolution of 0.014 cm (64.3 cm OPD) down to a
the resolution (0.02 %), for XClda constant offset of 0.26 %  resolution of 0.5 cm? (1.8 cm OPD), which covers the range
can be observed. The remaining 0.21 % are within the unceref the resolution of the satellite spectrometers OCO-2 and
tainties for XCH, and we get agreement with our estimation TANSO-FTS/GOSAT. The results are shown in Fitjga—
given above. ¢ andlla—c. The tests have been performed for all spectra
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XCO,, XCH4 and the most important interfering gas;®f
are also shown. The dependency faiQHis about 0.1 %. As
there are HO lines in the window where CHis retrieved
(5938 cnt?, 6002 cntt and 6076 cm), for low resolution
spectra the lines cannot be separated.
l 1% ] These simulations for XC&and XCH;, are in agreement
with the results from the comparison of both instruments, as
shown in Figs.4 and5. While the CQ total columns for
both instruments agree within the precision, for£B con-
stant bias of 0.26 % was found. It has to be mentioned that
standard TCCON measurements are made with an OPD of
40 cm and are not significantly affected.

In order to investigate the dependency of {3 the OPD
3884} 1 in more detail, we shifted the whole a-priori VMR profile of
CH,4 down by 4 km, and repeated the resolution-dependant
0.1% sensitivity study shown in FigslOc and11c. The results
| are displayed in FigslOd and11d. The simulations show
that the dependency of the resolution on the,Gétal col-
umn is less. Furthermore, the dependency of the windows
at 6002 cn! and 6076 cmi® nearly compensate each other.
s We tried also other vertical shift amounts, i.e. 2, 4, 6 and

°l b) XCH, ] 8 km, with 4 km yielding the “optimum” result. That is, 4 km
yielded the smallest dependency on the OPD. A downshift-
1.798f 1 ing of the a-priori VMR by 4 km is certainly not realistic, but
0.1% our results might indicate that the a priori and/or the spec-
17961 ] tral data of CH are erroneous. For completeness, we have
repeated the simulations for G@nd & but the results do
. not depend on shifting the a priori up and down (not shown),
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which is not surprising, as the volume mixing ratio of both

: : : trace gases show only weak variability with altitude.

] *  XCH,, shifted vmr || Our study indicates that the retrieved columns depend on

the resolution, especially if the assumed a-priori VMR pro-

file is not perfect. However, it must be mentioned that within

TCCON, the retrieval strategy applied so far is profile scal-

ing. When applying a complete profile retrieval algorithm,

the OPD dependency will look different. Differences for £H

total columns depending on the retrieval algorithm have al-

ready been observed Betersen et {2010, who compared

‘ ‘ ‘ ‘ ‘ ‘ profile scaling with the optimal estimation approach for trop-

0 10 20 30 40 50 60 70 ical spectra from Suriname.
OPD fem] For an OPD of less than 6 cm (0.15ch) the dependency

Fig. 11. Retrieved HO, XCO, and XCHj from the IFS 125 HR, of the total co_lumns in_cre_ases for decreasing OPD. For such

H,O is taken from the different retrieval windows of GHFor & low resolution, the individual lines are not resolved and

XCHy, the initial a-priori profile has been shifted vertically by We speculate that the influence of the curvature of the whole

—4km. The shown bars give a percentage scale. spectral region analyzed begins to dominate the fitting. The
curvature is due to the wavelength dependent sensitivity of
the detector, the reflectivity of all mirrors, the filters applied,

measured on 16 April 2009. Shown is the daily mean. Forand the spectral wings of interfering gases. This dependency

reference, the variability in percent for each compound iscan partly be avoided by additional measurements using a

given as a bar in the figure. The dependence on the OPD inblackbody radiation light source to obtain an absolute cali-

creases with decreasing OPD. Down to an OPD of 6 cm (resbration of the spectra. However, this is beyond the scope of

olution of 0.15cnt1), the @ and CQ columns show only  this paper and will be investigated in a separate study.

a weak dependency of 0.02%. For £Eblumns, the vari-

ation is much larger, between 0.05% and 0.3 %, depending

on the spectral band analyzed. The corresponding results for
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5 Summary and conclusion ground-based Fourier transform spectrometry (FTS), Tellus B,

62, 749-758, 2010.
The precision for the low resolution instrument was found Messerschmidt, J., Geibel, M. C., Blumenstock, T., Chen, H.,
to be 0.32% for XCQ (1.2 ppm) and 0.41 % (7.3 ppb) for Deutscher, N. M., Engel, A., Feist, D. G;,. Gerbig, C., Gisi,
XCHa. For comparable measurement times, the precision of M- Hase, F., Katrynski, K., Kolle, O., Lawj J. V., Notholt,
the IFS 66 is lower compared to the IFS 125 HR, which can 9~ Palm. M., Ramonet, M., Rettinger, M., Schmidt, M., Suss-
be explained by the lower light throughput of the IFS 66. The ganyv’uﬁéh-r%m’aﬁa (i('h;rgfolggﬁ? I\A_/acr:r;ﬁét:;‘nvgqlggg\lp'
;(t)iz)nnpsfnjgirl] of both 'nStrumemS %lves good agreement, devi- column-averaged CO2: the first aircraft campaign over Euro-
y means is below 0.2% (0.6 ppm) for Xe®or  hean TCCON sites, Atmos. Chem. Phys., 11, 10765-10777,

XCHjy a constant offset of 0.47 % has been observed. After oj:10.5194/acp-11-10765-2012011
subtracting the constant offset, the average deviation betweepetersen, A. K., Warneke, T., Frankenberg, C., Bergamaschi, P
the instruments was also of the order of 0.2 % (4 ppb). Trun- Gerbig, C., Notholt, J., Buchwitz, M., Schneising, O., and
cating the high resolution interferograms of the IFS125HR  Schrems, O.: First ground-based FTIR observations of methane
so the resolution is equivalent to the resolution of the IFS66 in the inner tropics over several years, Atmos. Chem. Phys., 10,
gives an offset of 0.26 %, which partly explains the measured 7231-7239doi:10.5194/acp-10-7231-2012010.
offset of the IFS 66 for Clil The ILS of the low resolutionin- 1000, G. C., Farmer, C. B., Schaper, P. W., Lowes, L. L., and Nor-
strument was found to depend on the temperature. While the ts‘::étSér';'H;riog;p;’ifgg:éniifa;:;”’;:'; ZLtSZ‘iplti)igsfgggfr(‘)"g:éi;
results for XCQ do not depend on the temperature and align- . ’
ment, for XCH, the precision and comparability require a i'gg(;?c’phys' Res., 97, 7939-796doi:10.1029/91JD03134
well aligned mstrumgnt. Overall we can conc[ude that >§CO Warneke, T., Yang, Z., Olsen, S., Korner, S., Notholt, J., Toon,
can be measured with a low resolution FTS instrument with G ¢ velazco, V., Schulz, A., and Schrems, O.: Seasonal and
sufficient precision and accuracy, however, for X(IHe re- latitudinal variations of column averaged volume-mixing ra-
sults depend on the alignment. tios of atmospheric CQ Geophys. Res. Lett., 32, L03808,

doi:10.1029/2004GL021592005.
Washenfelder, R. A., Wennberg, P. O., and Toon, G. C.:

Tropospheric methane retrieved from ground-based near-

IR solar absorption spectra, J. Geophys. Res., 30, 2226,
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