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Abstract. We present the first study of the influence of line the Total Carbon Column Observatory Network (TCCON;
mixing among CQ lines on the remote sensing retrieval of Wennberg et al., 2005), various instruments aim at accu-
atmospheric carbon dioxide. This is done in the bands nearately monitoring the carbon dioxide atmospheric amount.
1.6 and 2.2um which will be used by the Greenhouse GasesAmong space-borne projects, the Orbiting Carbon Obser-
Observatory Satellite (GOSAT) instrument and eventual sucvatory (OCO; Crisp et al., 2004) was unfortunately lost
cessors of the Orbiting Carbon Observatory (OCO). A purelyin February 2009 due to launch failure. Nevertheless its
theoretical analysis is first made, based on simulations of atsuccessors and the Greenhouse Gases Observatory Satel-
mospheric spectra. It shows that line mixing cannot be nedite (GOSAT: Kuze et al., 2005) will use the GQovibra-
glected since disregarding this process induces significant etional transitions in the 2.06m and 1.6Jum (or, alterna-
rors in the calculated absorption coefficients, leading to systively 1.57um) regions while the surface pressure and pho-
tematic structures in the spectral fit residuals and airmasston path information will be obtained from the oxygen A-
dependent biases in the retrieved £fnounts. These theo- band near 760 nm. The objective is to identify the regional
retical predictions are then confirmed by using atmosphericsources and sinks of GQwith a precision better than 1%
solar-absorption spectra measured by a ground-based Fouriéhe aim is 0.3%). This puts very severe constraints on the
transform spectrometer. It is first shown that including line quality of the spectroscopic data and forward spectral mod-
mixing in the forward model used for the inversion leads to els used for both C@and Q, as discussed in Ref. (Miller et

a very significant reduction of the residuals in the 2m al., 2005), for instance.

region. Secondly, the _inclusion of Iine_mixing reduces the Concerning the @A-band, recent laboratory studies show
dependence of the retrieved £0n the airmass and greatly 5 calculating the absorption coefficient assuming that the

improves the consistency between values obtained indepeljnes are collisionally isolated leads to significant errors
dently from spectra in the 1.6 and 2uin bands. These re- (ran et a1, 2006 : Predoi-Cross et al., 2008). Both col-
sults open promising prospects for various ground-based anfional line mixing (LM) and a Collision Induced Absorp-
space—bqrne experiments monitoring the carbon dioxide atsion contribution (CIA) (Hartmann et al., 2008) affect this
mospheric amounts. region. Furthermore, it was demonstrated (Tran and Hart-
mann, 2008) that accounting for both processes is unavoid-
able if one wants to match the desired accuracy for retrievals
1 Introduction of pressure from atmospheric spectra.

Within the framework of Carbon Cycle science by Fourier , For CQ;, extensive laboratory experimental and theoret-

Transform Spectroscopy (CC-FTS: Fu et al., 2008) and ofcal studies have been devoted to LM effects. Numerous
’ N direct comparisons between measured and calculated atmo-

spheric spectra have also been made in several spectral re-

Correspondence tal.-M. Hartmann gions, as well as studies of the influence of LM on pres-
BY

(hartmann@lisa.univ-paris12.fr) sure, temperature and trace species retrievals as reviewed
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in Secs. IV.5 and VII.4 of Hartmann et al. (2008). For the 2 Theoretical approach
30°1,«00°0 (1.57um) and 3813<-00°0 bands (1.6.m)
of 12C160,, multispectrum fits of laboratory spectra have en- 2.1  Transmission spectra and fitting procedure
abled the experimental determination of LM parameters at
room temperature (Malathy Devi et al., 2007a, b ; Predoi-A series of atmospheric transmission spectra in the 1.6 and
Cross et al., 2007). Theoretical data are also available tha2.1um spectral regions has been simulated, for various
can predict LM for any band of any isotopologue of £&@  zenith angles i¢ airmass values), based on a reference
any temperature (Niro et al., 2005c). spectral-line-shape model (see Sect. 2.2) for the absorp-
Some results are available concerning CIA (chapter Vition coefficient ¢*). A standard (mid-latitude spring)
of Hartmann et al., 2008), but the question of an eventualatmosphere was used, and the high resolution atmospheric
contribution of CQ CIA underlying the rovibrational transi- transmissions have been computed from O up to 45km
tions, as in @ (Tran et al., 2006), in the regions retained for using a step of 1km. The CGOvmr was assumed in-
the CQ monitoring remains open. Furthermore, the conse-dependent of altitude and set to the nominal value of
guences of LM on the carbon dioxide amounts retrieved from380 ppm. These transmissions have been convolved by
atmospheric spectra have not been investigated yet. This pa& sin(2rMOPDo)/(7ro) function in order to simulate the
per presents the first study of this last problem. response of a FTS with Maximum Optical Path Differ-
For this investigation, atmospheric transmission spectreences (MOPD) of 2, 10 and 50cm (spectral resolutions
are first calculated in both the 2.06n and 1.6Jum bands, of 0.25, 0.05 and 0.01 cnt, rg‘seectively). The resulting
taking line mixing into account. This is done using the data“experimental” transmissions (£ ) (simulating measured
and software of Niro et al. (2005c) which have been widely values) have then been fitted using an approximat®) (
and successfully tested in other spectral regions. These (thapectral-shape model that neglects LM effects, leading to
oretical) transmission spectra, simulated for various observaapproximate transmissions4). These fits were carried
tion zenith angles and spectral resolutions, are then fitted, ithrough a mean-square procedure, minimizing the guantity
order to retrieve the C®Ovolume mixing ratio (vmr) %02, N, o
using a model disregarding LM. It is shgwn tha@ t'he subse- % 3 I:TA(UP’ xco,)—T E (0, 380 pprr)x(Aap+B)]
quent errors ongoz cannot be neglected if a precision better
than 0.5% is needed. Disregarding LM also induces systemwhereo, denotes the wavenumber of the p-th point in both
atic residuals in the spectral fits and an airmass-dependenihe “experimental” and “approximate” spectra. In these
bias in the retrievedeo, . fits, the altitude independent vmgy; is adjusted together
In a second step, these theoretical results are unamwith a linear correction of the 100% transmission level
biguously confirmed using ground-based atmospheric solardescribed by the A and B parameters. The introduction of
absorption spectra recorded with a Fourier Transform Specthis correction is (generally) unavoidable when measured
trometer (FTS) in Park Falls, Wisconsin. Fitting these spec-spectra are treated, since it enables eventual errors in the
tra neglecting LM leads to residuals that are very similar tocalibration (the solar extraterrestrial spectrum, the optics,
those predicted theoretically, and including LM in the for- the detector response, etc) to be accounted for.
ward model greatly improves the agreement between mea- The spectral regions used here, which correspond to those
sured and fitted transmissions. Furthermore, taking LM intoretained for the OCO project, are “Band#1”, from 4765 to
account leads to more precise values of the retrieved CO4915cnt?, and “Band#2”, from 6160 to 6270 crh. Also
atmospheric amount with less airmass dependence, and torfte that only absorption by GQwvas included in the cal-
much better consistency between the values obtained frorgulations whose results are presented in Sect. 3 (no other
the 1.6 and 2.L:m regions. molecular species, no solar lines, etc).
The remainder of this paper is divided into four sections.
The theoretical approaches used to calculate atmospheriz.2 Absorption coefficients
transmissions and to retrieve the £€@mr are described in
Sect. 2. These tools are then used for calculations and inveifhe reference spectral-line-shape used to comptitec-
sions of simulated atmospheric spectra in Sect. 3, where theounts for line-mixing processes betweengfnsitions us-
influence of LM is studied for various airmasses and spec-ing the database and software of Niro et al. (2005c). These
tral resolutions. This demonstrates that LM has a significantools, and the model used to generate the line-mixing data
influence, particularly in the 2,4m region, on both the re- in various CQ bands, have been extensively and success-
trieved CQ amount and the fit residuals. These predictionsfully tested. This has been made using laboratory and atmo-
are confirmed, in Sect. 4, by treating atmospheric transmisspheric spectra, in a number of spectral regions (among nu-
sions measured by a ground-based FTS. Concluding remark®erous other references, see Rodrigues et al., 1999; Jucks et
and a discussion of future studies are made in Sect. 5. al., 1999; Niro et al., 2004, 2005a, b). These include various
Q branches as well as some P and R branches regions but
not the bands (R13«00°0 and 3813<«00°0) of interest

2

p=1
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Fig. 1. Comparison of room temperature gQir first order LM coefficients from the theoretical database of Ref. (Niro et al., 2005c) (full

lines) with experimental values obtained from multispectrum fits of laboratory spectra in Refs. (Malathy Devi et al., 2007a, b) (blue points),
and (Predoi-Cross et al., 2007) (red points). Values are plotted vs. the rotational quantum mumberJ; for P lines,m=J;+1 for R lines)

and the error bars on these plots correspond to the one standard deviations given in Refs. (Malathy Devi et al., 2007a, b; Predoi-Cross et al.
2007) multiplied by 2 in order to represent the full confidence interval.

here. Nevertheless, the model gives very satisfactory pre3 Theoretical results

dictions (Rodrigues, 1998; Niro, 2003) for transitions of the

same vibrational symmetry (namely — = corresponding  Note that all the results presented below for th&13e-00°0

to the stretching vibration for which the vibrational angular band at 1.6 um (Band#2) apply to the 30, «<00°0 band at
momentum¢, is zero), giving a first argument in favour of 1.57um since these vibrational transitions have very similar
our confidence in its quality. This confidence is further re- Spectral structures and integrated intensities (Predoi-Cross et
inforced by the results plotted in Fig. 1, which are for two al., 2007).

of the bands of interest for CQretrievals from space. In-
deed, there is an excellent agreement between the theoretica

"a'.“.es (Niro et al., 2005c) of the first lorder line-mixing co- Results obtained for a MOPD of 50 cm are plotted in Fig. 2.
efficientsY and those recently determined (Malathy Devi et L - S
They show that neglecting line mixing leads to significant

al., 20074, b; Predoi-Cross et al., 2007) from mUItISpECtrumerrors in the retrieved COvmr in both spectral regions. The
analyses of measured laboratory spectra.

. . error depends on the airmass and is smaller in Band#2 than
The approximate spectral-line-shape used to compute the

. A ) o ; I Band#1 for reasons explained later. Note that the errors
absorption ¢*) while retrieving the CQ@ vmr neglects line- ! .
L. . L S predicted in Band#1 are always larger than the 0.3% goal of
mixing effects and so the absorption coefficient is simply

A . N . ; the OCO mission.
the sum of individual line contributions with Voigt pro- o
) . The results in Fig. 3 demonstrate that the spectral reso-
files. Remember that all spectroscopic parameters of the Colution has onlv a small influence which is completely nea-
data+software package of Niro et al. (2005c) have been take Y pletely heg

o ﬁgible for MOPD’s greater than 10 cm. This should be
from the 2000 edition of the HITRAN database (Rothmann expected since, for MOPBL0cm, the finite spectral res-

et al., 2003; most recent one available at the time the pack- lution (<0.05¢nrY) only slightly broadens the spectra

age was built). These are not the best ones presently avait2 . 4 2
. ) . Teatures since the line contributions from the lower atmo-
able for the regions considered here (see Sect. 4) but this is

. Spheric layers have pressure-broadened widths of typically
of no consequences for the results presented in the next €61 8 enrL/atm (FWHM). Figure 3 also shows that the lim-
tion since the reference and approximate models use exactly’ -9

the same data. Note that Dicke and speed-dependence eied spectral resolution of experiments such as OCO and

s ' " 1 N
fects (Malathy Devi et al., 2007b; Predoi-Cross et al., 2007; OSAT (typically 0.2-0.3 cm, ie MOPD~-2 cm) does not

Hartmann et al., 2008) have been neglected but again, sincse'gﬂcllcamly affect the quality of Cpretrievals with respect

both approaches do, the conclusions regarding the influence
of line mixing remain valid.

1 CO; volume mixing ratios
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Fig. 2. Relative errors, induced by neglecting LM, in the £@nrs Fig. 3. Influence of the spectral resolution on the errors in,CO

deduced from fits of spectra with a 50cm MOPD for various air- vmr retrieved neglecting line-mixing effects. The results are for

masses. The CHOvmr and a linear 100% transmission have been MOPD’s of 2 cm (black line), 10 cm (blue line) and 50 cm (red line).

adjusted. Full line and dashed line are values obtained in Band#Trhe upper (full lines) and lower (dashed lines) set of three curves re-

(4765-4915 cm?) and Band#2 (6160-6270 cth), respectively. fer to Band#1 (4765-4915 cnt) and Band#2 (6160-6270 crh),
respectively.

Figures 2 and 3 show large differences between the errors
induced by neglecting LM when Band#1 and Band#2 are
used. This can be explained noting that the integrated intensi-
ties of the lines in Band#1 are about 15 times larger that those
in Band#2 in the HITRAN 2000 line list. As a result, the
strong CQ transitions in the atmospheric spectra of Band#1
saturate, while this is not the case in Band#2 (see Figs. 6 and
7). The CQ vmr is thus essentially retrieved in Band#1 from
absorption in the troughs between the lines, where line mix-
ing has the largest effects (see Fig. 6), as previously observed-*
in the case of the ®A-band (Tran and Hartmann, 2008).

0.8

Ref (%)

3 0.6

Rei) /x

]
S 0.4

XCOZ

~ 0.2

This explanation is confirmed by the main panel of Fig. 4,

which shows that the errors in Band#2 at very large airmasses
0.0

0.0

1234567 8 9101112131415

(unrealistic but used for the demonstration) are qualitatively
similar to those obtained in Band#1 for smaller airmasses.

0

20

T T T T T T T
40 60 80 100 120

Airmass

T T
140

Furthermore, the insert in Fig. 4 demonstrates that, when the
line intensities in Band#2 are multiplied by 15, the results
Ob;?rl]r;e”?, Igfzﬂgﬁlldag]: (;Bxapr:aifs dart(;gu;?g:if:;’?g:;g':;:‘/e ing que-mixing effects, _of spect_ra with a 50cm _MOP_D for vari-

’ ’ . . us airmasses. The main plot gives results obtained in Band#2. In
CO, erends on the extent. of th.e spectral region retained fo[he insert can be compared results obtained in Band#1 (full line)
the fit. This is shown by Fig. 5 in the case of Band#1. Re-yjith those obtained in Band#2 (dashed line) after multiplying the
taining only the central region (4820-4890Tthof the most  Band#2 line intensities by 15.
intense band leads to much larger errors than when a broader
range (4765-4915cm) is fitted. This can be understood
from Fig. 6 since the central region is the most affected by3.2 Transmissions and residuals
LM. This sensitivity to the fitting spectral range is signifi-
cantly less pronounced in Band#2 since LM effects in thiSTypical transmission spectra in Band#1l and Band#2 for
region are much weaker. MOPD=50cm and airmasses of 2, 4, and 10 are shown in

Figs. 6 and 7. These plots also display the residuals (

¢ E" _74) obtained from the fits (both the GGmr and a
linear 100% transmission correction are adjusted for each

spectrum) when line mixing is neglected. Figure 7 indicates

Fig. 4. Relative errors in the C®vmrs deduced from fits, neglect-

Atmos. Chem. Phys., 9, 7303312 2009 www.atmos-chem-phys.net/9/7303/2009/
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Fig. 5. Relative errors, induced by neglecting LM, in the £@nr
deduced from fits of spectra with a 50 cm MOPD for various air-
masses. Dashed and full lines are values obtained in Band#1 by
fitting the full region between 4765 and 4915chand by restrict-

ing the fits to the 4820-4890 cr interval, respectively.

Residuals

that unambiguously demonstrating the influence of LM us-
ing measured atmospheric spectra in Band#2 will be diffi-
cult. The transmission fit residuals induced by neglecting
LM are very small (below 0.0025 for an airmass of 2) and
will likely be masked by significantly larger errors due to

measurement noise and imperfections of the forward mOdeFIeCting LM) obtained in Band#1 for MOPD=50 cm and airmasses

(not accurate enough speciroscopic data, pressure and te 2, 4, and 10. The narrow peaks in the residuals near 4770 and

perature profiles, instrument function, etc). The effects |n4807 cmr1 are due to Q branches which, being narrow, are signifi-
Band#1 are larger (0.01 to 0.03) and can be observed in higRantly affected by LM (Rodrigues et al., 1999).

quality measurements, as shown below.
These statements concerning the transmission fits resid-
uals and the previous ones on the influence of LM of the
retrieved CGQ amounts are confirmed in the next section 100% linear transmission correction was adjusted together
through treatments of measured atmospheric transmissiowith altitude-independent scaling factors for input vmr pro-
spectra. files of CQy, H20, CHy, plus the isotopologues HDO and
16012C180, The a priori CQ profiles are based on a simple
seasonally-dependent empirical model fitted to in sitl, CO
4 Experimental checks measurements (Globalview, 2008). The a priorisGiiofile
is based on solar occultation balloon measurements by the
In order to check the purely theoretical predictions of the pre-JPL MKIV interferometer (Toon, 1991). The;B vertical
ceding section, we have treated a few measured atmospheritistributions were provided, together with the pressure and
spectra (larger scale tests will be made later as discussed fiemperature profiles, by the National Centers for Environ-
the conclusion). These were collected in Park Falls (Wis-mental Prediction (NCEP) re-analyses for the same dates and
consin) and obtained in solar absorption by a FTS with alocation. For the calculations, 71 atmospheric layers from 0
MOPD of 45cm (Washenfelder et al., 2006). The first setto 70 km (sufficient) were used and a number of solar lines
analyzed here consists of 140 spectra recorded on 22 Dewere taken into account.
cember 2004 for solar zenith angles betweeh &3d 86, In a first step, the C®absorption was calculated, for all
thus sounding airmasses from 2.8 to 12.0. The second set, dihes, taking LM into account or not, with the tools of Niro
350 spectra, was recorded on 18 June 2008 for solar zenitht al. (2005c¢). The results show a noticeable improvement of
angles between 22and 84 corresponding to airmasses be- the fit residuals when LM is taken into account but significant
tween 1.1 to 8. These two days involve very different sur-discrepancies remain. This is due to the fact that the spec-
face temperatures (about20°C and +20C) and thus en- troscopic data of Niro et al. (2005c) where extracted from
able a test of the influence of temperature. In the fits, athe 2000 edition (Rothmann et al., 2003) of the HITRAN

S e e e S S p e s e e e m—
4780 4800 4820 4840 4860 4880 4900

cm™

ig. 6. Transmissions (top) and fit residuals (bottom, due to ne-
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influence of LM in the other ones, which are much weaker, is
negligible. While doing this, the LM results were scaled by a

1.0 — -
ARARARARARARATYRARAAAA AR AeA AR

0.8 |

S constant factor (0.9 for Band#1, 1.00 for Band#2) correcting
3 %°7 for the difference between the HITRAN 2000 line intensities
g 0.4 and the more precise values of Ref. (Toth et al., 2008). A
T 0.2- constant pressure shift was assumed.
= oood—— LTI IR Before presenting the results obtained concerning the
0.010 — residuals in Band#1 and the retrieved £@mrs, let us
0.005.] Airmass=2 mention that the fits in Band#2 confirm the predictions of
1 Sect. 3.2. As expected from Fig. 7, the residuals of the fits
0.000 Sanus ’vaJWWW\'NM‘VWM‘N\! 1"\ T of measured transmissions in this band do not enable any re-
0.005 ] liable detection of LM effects. The latter lead to changes

] which are significantly smaller than errors due to imperfec-
-8-8}8 T T T tion of the forward model (spectral and atmospheric state)
' and measurement noise. For instance, the rms of the resid-

1 Airmass=4 X . )
0.005 - uals in the 6180-6260 cm interval for a zenith angle of
= ] 74.85 (about 0.002) only reduces by 1% when LM is in-
3 0000+ T cluded in the forward model.
E<l1:"3-o.005 . The situation in Band#1 permits a more severe test of the
1 spectral model, as shown by Fig. 8. First, the residuals ob-
'8:8}8 r © r v r ‘v r T 71 tained neglecting LM show structures very similar, both in
1 Airmass=10 } shape and magnitude, to the predictions of Fig. 6. Second,
0.005 when LM is included, the residuals are significantly reduced,
0,000 - confirming that LM does have an influence and showing that
its spectral effects are correctly taken into account. For a
0.005 ~ zenith angle of 82.45 the rms of the fit of transmissions in
0.010 - the 4820-4890 cm interval is reduced by a factor of nearly
6180 6200 6220 6240 6260 2.5 (from 0.0067 to 0.0027) thanks to the inclusion of LM in
cm’” the retrieval. Note that, whereas Fig. 8 shows that the agree-
ments in the R branch and in the trough between P and R
Fig. 7. Same as Fig. 6 but for Band#2. branches are now practically perfect, this is not the case for

the central part of the P branch near 4840 émAlthough
taking LM into account significantly reduces the residuals,
some remain for which we do not have a clear explanation
database. Indeed, as demonstrated by recent studies (Toflet. A defect of the LM modeli¢ of the Y values) seems
et al., 2008), the line intensities, positions, and broadeningvery unlikely in view of Fig. 1 and of the fact that line-mixing
parameters thus used are not very accurate. A careful upeoefficients were constructed with a self consistent approach
date of the data of Niro et al. (2005c) should thus be madgNiro et al., 2004) for both the R and P branches which have
for all bands and the software must be changed in order tavery similar structures.
take pressure-induced shifts into account. This is a relatively The results concerning the G@mount for the two days
large task which is beyond the scope of the present paper butudied are displayed in Fig. 9. Three features can be pointed
which will be carried in the coming year (see Sect. 5). out. (I) The first is that including LM does reduce the £0
In order to better treat the spectra, an alternative solutiorvmr in both Band#1 and Band#2, the effect being larger
that is easy and quick to implement has been used. It useis the first region than in the second, a finding which con-
Voigt profiles for most lines (see below) and has the advanfirms the predictions of Sect. 3.1. (ll) The second point
tage of using a very carefully built spectroscopic databases that including LM makes the results obtained in Band#1
which includes the shifts and the most recent experimenand Band#2 much more consistent (to within about 1%) and
tally determined individual line parameters. In particular, much less dependent (particularly in Band#1) on the airmass
for COy, the data of Ref. (Toth et al., 2008) is used. The (the variation reduces t&0.5%). Note that the experimen-
line-mixing contribution {e, only the dispersive part due to tal results also quantitatively confirm the influence of the air-
the first order line-mixing coefficient, cf Eq. (7) of Niro  mass on the error induced by neglecting LM shown in Figs. 2
et al. (2005c)] was then calculated with the tools of Niro et and 5. (Ill) Last but not least, the retrieved values @hxare
al. (2005c) for the strongest vibrational band in the consid-very close to those deduced from in situ measurements also
ered regionie 20°13<«00°0 or 3@13«00°0). Taking LM  made at Park Falls. This being obtained for the two days
into account for this single band only is sufficient since the studied shows that the effects of temperature are correctly

Atmos. Chem. Phys., 9, 7303312 2009 www.atmos-chem-phys.net/9/7303/2009/
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Fig. 8. Residuals obtained from fits of ground-based atmospheric solar-absorption spectra in Band#1 for various airmasses. The panels or
the left and right hand sides display results obtained without and with the inclusion of LM, respectively.

taken into account. Note that the missing points and the scats Conclusion and future studies

ter in the results for the winter day are due to the presence of

clouds around midday. The results presented in this paper unambiguously demon-
The differences between the a priori values gbx and strate, for the first time, that line mixing among glines

those retrieved from the atmospheric spectra (Fig. 9), and théust be accounted for if one wants to achieve an accuracy

fit residuals remaining in Fig. 8, may originate from various better than 1% on retrieved GGamounts. A theoretical

sources. Among these one finds, of course, (small) error@nalysis and tests made using spectra measured by a ground-

in the spectroscopic data used and particularly those on theased FTS show that, when a forward model neglecting LM

integrated intensities of the lines. In fact, slight inconsisten-is used, significant and consistent residuals remain in the

cies (of the order of one percent) between the values of thesBts of atmospheric transmissions. Furthermore, treating the

parameters in the 803« 00°0 and 3613+« 00°0 bands are measured spectra taking LM into account almost reduces the

likely responsible for the small difference between the,CO residuals to within the noise level. Last but not least, includ-

vmrs deduced in Band#1 and Band#2. Another source ofnd LM in the fit of measured transmissions makes the,CO

possible error is the assumed known atmospheric state, botimrs retrieved in the 1.6 and 2.dn regions much more con-

in terms of the a priori C@vmr distribution used and of the  sistent, less dependent on the airmass, and in good agreement

P+T vertical profile. Indeed, a relative erraP/P on the sur- ~ With values deduced from in situ measurements. These are

face pressure directly translates into fit residuals and errorfromising results in view of the improvement of routinely
0N Xco2. made retrievals of carbon dioxide atmospheric amounts from
Let us emphasize that the results of Figs. 8 and 9 have bee@found-based or space-borne spectra. Note that they also im-
obtained without ad-hoc adjustment of any spectroscopic paPly that the forward model used for the analysis of satellite
rameters since only vmrs and a 100% transmission base lindata must faithfully represent the airmass-dependence of LM
have been adjusted. They are thus meaningful and successft @ high accuracy. Otherwise, due to the unavoidable fact

tests of the spectroscopic data and spectral shape models. that the airmass generally increases poleward, errors in the
representation of LM will cause a latitude dependent bias in

retrieved CQ. This in turn will generate spurious latitude-
dependent sinks of COn inversion modeling.
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Fig. 9. Scaling factor, applied to the a priori GOmr profile deduced from in situ measurements (see text) retrieved in Band#1 (left panels)
and Band#2 (right panels) versus the Universal Time of the measurement obtained with (blue) and without (red) the inclusion of LM in the
forward model. The upper and lower plots are for 22 December 2004 and 18 June 2008, respective.

For future studies, the CQlatabase and software of Niro  Once an improved version of the software and associated
et al. (2005c) must be updated and improved, for all bandglata is built, it would be of interest to treat numerous atmo-
and isotopologues. In fact, there is evidence that the spectrespheric spectra (various zenith angles, instrument altitudes,
scopic data used, taken from the 2000 edition of the HITRANhot and cold atmospheres, 1.57, 1.61, and 2®6bands,
database (Rothmann et al., 2003), are far from being the bestarrow and broad spectral regions), in order to carry a study
presently available. The pressure-induced line shifts, disresimilar to that presented in this paper, but of much broader
garded up to now, must also be taken into account as welkcope. In doing this, much attention has to be paid to the
as the broadening of CQines by HO (Sung et al., 2009), accuracy of the knowledge of the P+T profile of the sounded
which may have an influence for humid atmospheres. Thisatmospheres. In fact, any error, particularly on the pressure
requires changes and extensions of the data files and sonpofile, directly translates into residuals in the fits of mea-
modifications of the software, a substantial task that will besured transmissions and in bias on the retrieved @@r.
completed in the coming year. Note that this update is ofFrom this point of view, carrying simultaneous fits in the O
interest not only for CQ retrievals in the bands considered A-band in order to determine (check) the surface pressure,
in this paper, but also for other remote sensing problems usas done in Ref. (Tran and Hartmann, 2008), may add useful
ing longer wavelengths where LM among &lihes mustbe  information.
properly taken into account. These include determinations of
trace species amounts and of vertical profiles of the pressurécknowledgementsThe authors are grateful to Paul Wennberg for
and/or temperature, as discussed in Sect. VI1.4 of Ref. (HartProviding a series of ground-based atmospheric spectra recordings
mann et al., 2008). Finally, the influence of Dicke narrowing "Nch were obtained with support from NASAs Carbon Cycle
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retrievals is still to be studied. If proved to be important for

the treatment of atmospheric spectra, these effects will havgdited by: P. Monks
to be included in the forward model. In addition to these

problems, the question of an eventual contribution of CIA by

CO, in the regions considered in this paper should be stud-
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