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Abstract:
Various spectroscopic data for absorption lines due to the magnetic dipole transitions of the

a 1Ag - X 3Z§ (0 — 0) band of O centered at 1.27 pum are tested by comparison with high-

resolution ground-based atmospheric measurements recorded by Fourier Transform
Spectrometers at Park Falls and Caltech (USA). This band is of importance for atmospheric
remote sensing since it will be used (together with the O> A-band near 760 nm) by the passive
short wave infrared spectrometer onboard the MicroCarb satellite mission (i.e. this band
includes the B4 band of MicroCarb, from about 7800 cm™! to 7912 cm™) for the determination
of surface pressure and atmospheric aerosols. Spectroscopic data of the HITRAN2016 and
GEISA2015 databases as well as those from recent laboratory studies are here used in a
radiative transfer code to simulate atmospheric transmissions under the conditions of the
measurements. Comparisons are made for different solar zenith angles and for the whole B4
spectral range considered by MicroCarb. Spectroscopic data of water vapor are also tested by
considering both relatively dry and humid atmospheric conditions. Averaging the “calculated-
observed” residuals over numerous recordings made for close values of the solar zenith angle
and humidity enables reduction of the uncertainties due to the radiometric noise of the
instrument and to the imperfect description of the atmospheric state. This enables the detection
of systematic differences in the spectral residuals caused by small changes in spectroscopic
data. The results show that the spectroscopic parameters in the HITRAN2016 and GEISA2015
databases lead to large residuals while data of two recent laboratory studies, obtained from
spectra measured with the cavity ring-down spectroscopy technique using the speed-dependent

Nelkin-Ghatak profile lead to much better agreement with atmospheric measurements.
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Significant residuals are noted for water vapor absorption lines simulated using parameters

provided by both the HITRAN and GEISA databases.

1. Introduction

O, absorption plays an essential role in the determination of air-mass and remote sensing
calibration (e.g. [1-6]) because the volume-mixing ratio of atmospheric oxygen is well known
(0.2095) and uniformly distributed. When compared to the commonly-used A-band near 0.76
um, the 1.27 um band is closer to the CO2 and CH4 bands (near 1.61 pum, 1.67 pum and 2.06
um) which are used by various greenhouse gas remote sensing experiments (e.g. [3,7-9]). Due
to atmospheric scattering, atmospheric path lengths vary with the aerosols’ load, their vertical
distribution and their optical properties. The spectral distance between the O A-band and the
CO., CH4 bands results in significant uncertainties due to the varying spectral properties of the
aerosols. There should be less uncertainty when using the O, band at 1.27 um as a proxy of the
atmospheric path length to the CO; and CH4 bands. The 1.27 pm band is used by the Total
Carbon Column Observing Network (TCCON) [2] and the Collaborative Carbon Column
Observing Network (COCCON) [10] for ground-based air-mass determinations. Thanks to
recent and accurate modeling of the strong mesosphere/stratosphere airglow produced by O3
photo-dissociation [4,6], this band will be probed by the satellite mission MicroCarb, to be
launched in 2021, dedicated to the accurate determination of column integrated concentrations
of COz [9]. The spectrometer on board MicroCarb will collect the solar irradiance scattered by
the surface (and aerosols) in four spectral ranges corresponding to the Oz A-band (B1) around
0.76 um, the two CO; bands around 1.6 um (B2) and 2 um (B3), and the O2 band at 1.27 um
(B4) [9].

The O2 1.27 pum band consists of narrow absorption lines of the a 1Ag -
X 3% g (0 — 0) transition superimposed over a much broader collision-induced absorption (CIA)
structure due to the dipole induced in short-lived collisional O2-O2 and O2-N2 complexes.
Several spectroscopic studies were devoted to the latter system. The HITRAN2016 database
[11] provides the CIA coefficients derived from high-pressure spectra measured at several
temperatures with a Fourier transform spectrometer by Maté et al. [12]. Theoretical
calculations, scaled according to [12], were also reported by Karman et al. [13,14]. Room
temperature CIA binary coefficients were recently determined with improved accuracy, from
low density spectra [i.e. from (0.97 to 2.3)x10' molecule/cm™ equivalent to 0.36 to 0.85

amagat] of pure oxygen and of an O2/N> mixture by highly sensitive cavity ring-down



spectroscopy (CRDS) [15]. Despite the lower sample pressures used in this CRDS study, the
retrieved CIA coefficients were found in very good agreement with the FTS values by Mat¢é et
al. [12].

The absorption lines of the 1.27 um band were investigated in various studies. In
HITRAN2016, the line positions were calculated by differences between the energy levels of
the a 1Ag (0) and X 325 (0) states reported by Yu et al. [16]. The intensities for the magnetic
dipole transitions were calculated by Orr-Ewing on the basis of the FTS values of [17], while
air-broadening and -shifting coefficients were set to those obtained for the A-band in [2] and
[18]. In GEISA2015 [19], most of the line parameters are the same as in HITRAN2016 except
for some weak lines corresponding to quadrupolar transitions. Only Voigt line-shape
parameters are provided by HITRAN2016 and GEISA2015. Recently, some studies showed
that the Voigt profile leads to significant deviations from measured spectra for the 1.27 um
band lines [5,20-22] and that the speed dependence of the collisional broadening and the
collision-induced velocity changes have to be taken into account. Using the quadratic speed-
dependent Voigt (qsdV) profile to fit high sensitivity CRDS air-broadened spectra of 97 O2
lines in the 1.27 um band, Mendonca et al. [5] obtained fit residuals largely improved with
respect to the Voigt profile. In [5], the line positions were fixed according to HITRAN2012
[23], while the line intensities and line-shape parameters were obtained from fits of CRDS
spectra. More recently, positions and intensities of 170 lines including very weak electric
quadrupole transitions were reported in the 7920-8085 cm™! interval [24]. The reported line
parameters were retrieved from low pressure (0.67 kPa and 1.34 kPa) spectra of pure O2
measured with a CRDS setup based on an extended cavity diode laser (ECDL) and coupled to
a self-referenced frequency comb using the quadratic speed-dependent Nelkin-Ghatak profile
(gsdNG). A CRDS setup using a series of distributed feedback laser diodes and referenced to
the same frequency comb was used to record air- and N2-broadened spectra of O in the 7800-
7912 cm’! region corresponding to the B4 band of MicroCarb [25]. Line intensities and line-
shape parameters were retrieved for 85 O2 magnetic lines using the gsdNG model [25]. Line-
mixing (LM) between lines in the O branch was taken into account with the use of the first
order line-mixing approximation [26]. In parallel, Fleurbaey and Hodges [27] also studied the
absorption spectrum of Oz in this spectral region using a frequency-stabilized cavity ring down
spectrometer. Spectroscopic parameters for 99 magnetic lines were determined in the 7797-

7953 cm’! range from air-broadened spectra measured at room temperature. The qgsdNG model



together with the first order line-mixing approximation were used to analyze the measurements
[27].

Compared to the HITRAN2016 and GEISA2015 lists, significant differences between
the line positions, intensities and shape parameters have been pointed out in these recent CRDS
studies (see [24,25] for instance). In the present work, different spectroscopic datasets of the
a 1Ag - X 3Z§ (0 —0)band [5,11,19,24,25,27] are tested by comparing ground-based
atmospheric transmission measurements (TCCON spectra) with spectra calculated using the
Spectroscopic Parameters And Radiative Transfer Evaluation (SPARTE) chain [28]. The
TCCON spectra were chosen for these validation tests since they provide a high signal-to-noise
ratio and high resolution together with well-known pressure, temperature and humidity
conditions as well as instrument characteristics (see [3] and references therein). The SPARTE
chain is a calibration/validation chain used to compare ground-based and space-borne
observations with atmospheric spectra simulated from direct radiative transfer calculations
based on the 4A/OP code [29]. The latter has been selected for calibration/validation activities
of MicroCarb. The remainder of this paper is divided into three sections. Section 2 is dedicated
to the presentation of the spectroscopic data and atmospheric measurements used and to the
calculation procedure. Comparisons between calculated and measured atmospheric spectra are
then discussed in Section 3, before some concluding remarks and directions for future studies

(Section 4).

2. Spectroscopic data, atmospheric measurements used and method of calculations
2.1 Spectroscopic data used
Table 1 lists the five sets of spectroscopic parameters for Oz in the 1.27 um spectral

region used for comparisons with ground-based atmospheric spectra.

Dataset Refs. Profile used
HITRAN [11] A%

GEISA [19] A%
Mendonca2019 [5] qSDV
Tran2020 [25] qSDNG+LM
Fleurbaey2020 [27] qSDNG+LM

Table 1: Summary of the considered datasets for the O, absorption lines of the 1.27 um band.



The first one, hereafter called “Tran2020”, includes data from Tran et al. [25] from
7784.8 cm to 7915.8 cm’! retrieved from CRDS spectra recorded for a large pressure range
from 6.7 to 94 kPa (50 to 700 Torr) and fitted with the qsdNG profile. For Q branch lines, first
order line-mixing (LM) effects were also taken into account. Within this model, the absorption
coefficient @ at wavenumber o for a transition is given by:

a(o) = Sno, [Re{I¥NE ()} — Y Im{I75NC (0)}]. (1)
In this equation, Y is the first-order line-mixing parameter, representing the coupling between
the considered transition and other lines. S and ng,are the line intensity (at natural isotopic
abundance [11]) and the number density of oxygen, respectively. The area-normalized line-
shape quantity 195%M¢ (¢) is a function of seven parameters (see [30] for instance):

195NC (6) = f (0 — 09, I, Iy, [, Ao, A2, Vi), (2)
with g, the line position, I, the Doppler half-width and v, the velocity-changing collision
frequency. [, 4, and I, 4, characterize the collision-induced line width and shift and their
speed dependence components, respectively [31,32]. Note that the air-broadening coefficients
(Yo = I,/P) of [25] were given at the temperature of the measurements (about 294 K). The
corresponding values at room temperature (296 K) were thus deduced using the temperature
dependence exponents given in HITRAN2016 [11].

The second set (“Fleurbaey2020”) corresponds to the CRDS data of [27] for 99 O: lines
in the 7797-7953 cm’' region retrieved from air-broadened spectra measured at room
temperature and various pressures, from 3.3 to 99 kPa (25 to 750 Torr). The same line-shape
model as for “Tran2020” was used to fit the measured spectra except that the velocity changing
frequency v, was replaced by the modified form as proposed in [33].

In the third set (“Mendonca2019”) the quadratic speed dependent Voigt (qsdV) profile
was used to fit air-broadened spectra of 97 O; lines in the 7797-7940 cm™! spectral region. This
gsdV profile is obtained from Eq. (2) by simply fixing v, = 0.

For these three sets, the lower state energy of the transitions and the temperature
dependence of the air-broadening coefficients were taken from HITRAN2016. The other line-
shape parameters (i.e. pressure-shift coefficient, §, = 4,/P, speed-dependent coefficients of
the line broadening and shifting, LM and Dicke narrowing coefficients, v,./P) were assumed
to be independent of temperature. For the weak transitions missing in these various datasets (in
particular, electric quadrupole transitions and lines of the minor isotopologues), their
spectroscopic parameters were directly taken from HITRAN2016, thus employing the Voigt

profile in the calculations. These three sets of data were used to model the O> absorption lines



and compared to simulations with HITRAN2016 (“HITRAN”) and GEISA2015 (“GEISA”)
line lists (calculated with the Voigt profile).

Figure 1 shows the comparisons between the line positions, line intensities, air pressure-
induced line shifting and broadening coefficients in “Mendonca2019”, “Tran2020” and
“Fleurbaey2020” and those provided in HITRAN2016. No comparison with data in
GEISA2015 are reported here since they are identical to those of HITRAN2016. More detailed
comparisons can be found in [25,27]. For the line positions and pressure shifts, there are
systematic differences between HITRAN2016 and [5,25,27]. Good agreement is observed for
[25] and [27] while there are systematic differences between these two and [5]. For the line-
broadening coefficients and intensities, the HITRAN values are smaller than those of the three
other datasets (about 2% for both y, and S in average). Weak but systematic differences are
also observed between the data of [5], [25] and [27]. Note that part of these observed differences
could be due to the different line-shape models used to fit the measured spectra (i.e. “Tran2020”
and “Fleurbaey2020” used the qsdNG, “Mendonca2019” used the qsdV while the Voigt profile
is used with HITRAN data).
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Fig. 1 : Comparisons between line parameters of oxygen in the a 1Ag - X 325 (0 — 0) band, given
in [5], [25] and [27] and those provided by the HITRAN2016 database, for line positions (a), air
pressure-induced line shift coefficients (b), air-broadening coefficients (c) and line intensities (d).



2.2 Atmospheric measurements and data used

TCCON spectra of the GGG2014 data version [34], which were corrected for solar
intensity variations, phase error and laser sampling error, were used. Three sets of TCCON
spectra were used in this study: two sets were used for the validation of the O, line lists while
the third set, with high humidity conditions, were used to evaluate water spectroscopic data in
this region. Each contains a large number of spectra with similar solar zenith angles and
atmospheric humidity levels. They were recorded between October 2014 and September 2017
at Park Falls (Wisconsin, United States), and between October 2015 and April 2017 at Caltech
(California, United States) using a Bruker 125 HR FTIR spectrometer for each station”.

The first set contains 65 spectra, measured at Park Falls for relatively dry atmospheres
[with total precipitable water (TPW) contents from 0.15 cm to 0.97 cm] with solar zenith angles
ranging from 60° to 80°. The second set was recorded at the Caltech station and includes 40
spectra with solar zenith angles and humidity conditions similar to those of the first. The third
set comprises 10 spectra measured at Park Falls with solar zenith angles of about 40° at
relatively high humidity conditions (TPW=2 cm). As shown below and in [28], the use of
several spectra involving similar atmospheric conditions allows one to average the residuals,
thus minimizing the random errors caused by both the radiometric noise of the instrument and
the imperfect knowledge of the atmospheric state.

The atmospheric states used as inputs to the atmospheric transmission calculations were
obtained from both NCEP/NCAR (National Centers for Environmental Prediction/National
Center for Atmospheric Research) [35] and ERA-Interim [36] reanalyses products from
ECMWEF (European Centre for Medium-Range Weather Forecasts). Specifically, pressure,
temperature and water profiles were taken from Era-Interim, corrected by local surface
measures on TCCON site to take into account the differences in the space and time collocation.
CO2 (and also N>O, CO and CHas) profiles were taken from NCEP/NCAR and corrected by a
scaling factor corresponding to the column abundance retrieved from each TCCON spectrum
[34] These profiles are finally re-gridded on ERA-Interim pressure grid. The instrument spectral
response functions were taken from [34] while information about the surface pressure,
instrument altitude and solar zenith angle were taken from TCCON.

2.3 Calculation procedure

* Certain commercial equipment, instruments, or materials are identified in this paper in order to specify the
experimental procedure adequately. Such identification is not intended to imply recommendation or endorsement
by the National Institute of Standards and Technology nor is it intended to imply that the materials or equipment
identified are necessarily the best available for the purpose.



The considered ground-based atmospheric transmission spectra were simulated using
the five sets of spectroscopic data described in Sec. 2.1 but with the same model for the CIA.
The latter corresponds to the recent data measured by Mondelain et al. [15] for values at room

temperature. Their (small) temperature dependences were taken from Maté et al. [12] using:
3)
where CIA(296 K) is the coefficient given by Mondelain ef al. at 296 K, CIA_X(T) is the

CIA_X(T)
CIA_X(296 K)

CIA(T) = CIA(296 K) *
coefficient from Maté at 7, derived through linear interpolation of values at different
temperatures. The data relative to the O2 CIA and lines were then implemented in the SPARTE
chain [28] developed at Laboratoire de Météorologie Dynamique (LMD). In SPARTE,
radiative transfer simulations are performed by using the 4A (Automatized Atmospheric
Absorption Atlas) radiative transfer code. The full range of the B4 band of MicroCarb (7800-
7912 cm'!) is considered. For each set of Oz spectroscopic line parameters, different line shapes
were used, consistently with the profile used for their determination (see Table 1).
Spectroscopic data for other absorbing species i.e. H>O, CH4 and CO», were taken from
GEISA2015 [19]. The O2 mole fraction was fixed at 20.95% of the dry-air content in the
calculations. The solar contribution was taken from [37]. Calculations were performed for 40
atmospheric layers (from the ground to approximately 5 Pa). A global shift (about 0.0005 cm!
depending on the spectrum and on the considered site) for the whole spectral range was
determined for each measured spectrum. Except for a linear (versus wavenumber)
multiplicative correction for the 100% transmission level, there are no other adjustable

parameters in the calculations.

3. Validation tests and discussion
3.1 Spectroscopic line parameters of the O a 1Ag - X 32'5 (0 —0) band.

Comparisons with a single spectrum recorded on 15 January 2017 at the TCCON Park
Falls station, under dry atmospheric conditions (TPW=0.37 cm) for a SZA of 68.16° are
presented in Fig. 2. The corresponding “calculated-observed” residuals obtained with the five
spectroscopic datasets are plotted in the lower panels, together with the root-mean-square (rms).
The obtained results show relatively small improvements of “Mendonca2019, “Tran2020” and
“Fleurbaey2020” with respect to HITRAN and GEISA, except for the Q branch region for
which large differences in line parameters between HITRAN, GEISA and the three other
datasets can be observed (see Fig. 1 and Fig. 6 of [25]). Note that this result is consistent with
[5] which showed that the use of “Mendonca2019” dataset together with the qsdV profile leads



to only slightly better fit residuals than using the existing data in the TCCON standard analysis
software GGG [34] with the Voigt profile. The three datasets “Mendonca2019”, “Tran2020”
and “Fleurbaey2020” lead to very similar residuals that are all within the noise level of the

measured spectra.
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Fig. 2: Comparison between a dry spectrum, recorded on 15 January 2017 at the TCCON Park
Falls station for a SZA of 68.16° in the B4 band of MicroCarb and simulations using various
sets of spectroscopic data for the transitions of O in the a 1Ag - X 32'5 (0 — 0) band (see
Table 1). The upper panel shows the measured transmission, the corresponding simulated
spectrum and the contribution of O> absorption obtained using the “Tran2020” list. In the
lower panels are the corresponding “calculated-measured” residuals.

In order to better distinguish results obtained with different datasets and reduce the
influence of experimental noise and the random errors caused by uncertainties in the
temperature and pressure profiles used, the residuals obtained for large number of spectra with
close SZA and humidity conditions were averaged. The averaged residuals are shown in Figs.
3 and 4, respectively together with the corresponding rms values. Because results obtained with
GEISA2015 are identical to those with HITRAN2016, they will be omitted from now on. As

illustrated in Fig. 2, spectrum averaging reduces the random noise so that differences resulting



from the line parameters are revealed. We note that residuals obtained with 65 spectra recorded
at Park Falls (Fig. 3) and those obtained with the 40 spectra recorded at Caltech (Fig. 4) are
very similar showing the consistency of the results for these two stations. These results clearly
show the improvement of the “Mendonca2019”, “Tran2020” and “Fleurbaey2020” datasets
with respect to HITRAN2016. In particular, the HITRAN calculated transmittances are
systematically larger than observed for O> lines in agreement with the known 1-4 %
underestimation of HITRAN intensity values compared to those of [5,25,27] (see Fig. 1d for
instance). The largest residuals obtained with “Mendonca2019”, “Tran2020” and
“Fleurbaey2020” are mainly due to absorption by H>O (e.g. at about 7804.0, 7807.4, 7814.4
and 7830.3 cm™). This contribution of H,O absorption will be discussed in the next section. In
overall, “Mendonca2019”, “Tran2020” and “Fleurbaey2020” lead to relatively close spectral
residuals and rms values. No particular residuals associated with the differences in the line
positions between “Mendonca2019” and the two other datasets (see Fig. 1a) can be observed,
likely because they are largely compensated by the difference in the pressure-induced line shifts
(Fig. 1b). In the Q branch region, significant improvements are observed with “Tran2020” and
“Fleurbeay2020” with respect to “Mendonca2020”. This is likely due to the fact that in these
two datasets, line-mixing effects were taken into account for Q-branch lines, while they were
neglected in “Mendonca2019”. This was confirmed by tests in which the line-mixing

coefficients in “Tran2020” were set to zero, all the other parameters remaining the same.
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Fig. 4: Results obtained for the second set involving 40 spectra measured at Caltech. The upper
panel shows an example of measured transmission, recorded on 27 January 2017 for a SZA of
69.15° and TPW of 0.73 cm, the corresponding simulated spectrum and the O> and H>O
contributions. In the lower panels are plotted the corresponding “calculated-measured”
residuals averaged over 40 situations of close SZA (from 60° to 80°) and humidity (TPW from
0.3 cmto 1.19 cm).
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Fig. 5: Same as Fig. 3 except that only residuals corresponding to “Tran2020” and
“Fleurbaey2020” are plotted on the lower panel.

For all the situations that we considered, “Fleurbaey2020” gives the best agreement with
measurements. Using the same line-shape model (qsdNG), the spectroscopic parameters of
“Fleurbaey2020” and “Tran2020” are quite close, e.g. the average ratio between the line
intensities of “Tran2020” and “Fleurbaey2020” is 1.0048 (£0.0044) and for the air-broadening
coefficient it is 1.0039 (£0.0082). These differences, even though they are very small, lead to
differences that can be observed in the spectral residuals plotted in Figs. 3 and 4 and shown
again in Fig. S for better readability. This analysis demonstrates that averaging the “calculated-
observed” residuals over a large number of TCCON recordings enables to evidence the impact

of small differences in the spectroscopic parameters.
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We note that significant (and similar) residuals remain for “Tran2020” and “Fleurbaey2020”
simulations (lower panel of Fig. 5). They could originate from remaining spectroscopic errors
(on the temperature dependences of the line-shape parameters for instance) but they could also
be a result of systematic errors in the temperature and pressure profiles as well as on the
apparatus functions used in the calculations.

It is worth noting that Mendonca et al. used their line list (“Mendonca2019”) with the qsdV
profile, and data in the TCCON standard analysis software GGG [34] (i.e. data from [2] and
[38] with the Voigt profile), to retrieve O» atmospheric columns from spectra measured in four
TCCON sites [5]. Compared to the GGG data, the “Mendonca2019” dataset was found to only
slightly improve the fit residuals but it led to large differences for the retrieved O columns.
Therefore, it would be interesting to use the four line lists considered in the present work to
study their influence on the retrieved O> columns or surface pressures.

3.2 Absorption due to H2O lines

The third set of spectra which contains 10 spectra measured at Park Falls with solar zenith
angles (SZAs) of about 40° but for large humidity conditions (TPW=2 cm), is used to evaluate
the spectroscopy of H2O absorption lines in the considered spectral region. Notably, large
residuals are readily apparent (see Fig. 6). Here, simulations were performed using the line set
“Tran2020 and the same model for the CIA for O, absorption contribution as before. The lower
panel of Fig. 6 shows that the large remaining residuals coincide with water absorption lines.
Recall that all previous calculations used the same set of H>O spectroscopic parameters from
GEISA2015 [19]. The shapes of the residuals show that the observed line intensities and/or line
shape parameters for several H>O lines are not accurate. Simulations using HITRAN2016 line
parameters for H>O lead to very similar residuals (lower panel in Fig. 6). Tests were also made
with the most recent data of H>O in the 2019 version of the GEISA database [39]. In this spectral
region, the GEISA2019 was updated using line intensities and air-broadening and -shifting
coefficients provided in the H>O line list from Mikhailenko ef al. [40], whereas the line
positions were refined using [41]. Note that local discrepancies due to erroneous broadening
values of some H»O lines were identified in [40] and GEISA2015 (for the H>O line at 7804.6092
cm’! for example), and some air-broadening parameters from GEISA2011 were reintroduced in
GEISA2019. A complete description of the changes in GEISA2019 can be found in [39]. For
the considered spectral region, GEISA2019 leads to an improvement for the line at 7804.6092
cm! but most of the other H,O residuals remain. Tests were made in order to check if these
residuals are caused by an erroneous vertical profile of water vapor used as input data for the

calculations. To test this hypothesis, the input profile of water vapor concentration was
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increased and decreased by 5% and the corresponding calculations were performed. The
obtained results show that none of these changes simultaneously reduces the observed residuals
for all the H>O absorption lines. Therefore, these residuals are ascribed to inaccurate
spectroscopic data for these H>O lines. Note that local residuals due to the inaccuracies of
spectroscopic parameters of several H>O lines in this B4 band are expected to have only quite
small influence on the surface pressure or air mass retrieved using the whole band. This
expectation will be checked in a forthcoming study in which both the B4 and B1 (i.e. the O2 A
band region) bands will be used to retrieve the surface pressure or the O> columns from ground-
based measurements. Nevertheless, if one wants to use the H>O lines of the region to retrieve
the quantity of H2O, an improvement of H>O spectroscopic data is required. Note also that no
additional residuals from the O> absorption lines are observed for these humid spectra when
compared with results obtained for dry atmospheres. This can be explained by the fact that, for

O: lines, H>,O- and air-broadening coefficients have similar values [42,43].
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Fig. 6: Comparison between an atmospheric spectrum, recorded on September 10, 2007 at
Park Falls for a SZA of 41.50° and TPW=2 cm and the corresponding transmission calculated
with “Tran2020” dataset [25]. The upper panel shows the comparison for the whole B4 band
of MicroCarb while a zoom is presented in the lower panel, H>O contribution being calculated
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using GEISA2015 [19] line list for this example . The residuals (averaged over 10 spectra of
the set and multiplied by 4) in black, red and dark yellow are obtained with data for H>O
absorption lines taken from GEISA2015 [19], HITRAN2016 [11] and GEISA2019 [39],
respectively. Residuals obtained with H>O data from HITRAN2016 and GEISA2019 were
shifted along the vertical axis by -0.2 and -0.4.

4. Conclusion

Various sets of absorption line parameters for O; in the 1.27 um spectral region have
been evaluated using TCCON atmospheric observations and the SPARTE calculation chain.
Averaging the “calculated-observed” residuals over a large number of measurements for similar
solar zenith angles and atmospheric humidity conditions enables one to evidence the effect of
relatively small spectroscopic data changes, on the spectral residuals. These results show that
spectroscopic parameters in the HITRAN2016 and GEISA2015 databases lead to large
residuals, while among the most recent studies, the line parameters of [27] and [25] lead to the
best agreement with atmospheric measurements. This study also shows that the spectroscopic
data available in the HITRAN and GEISA databases for HoO absorption lines in this spectral
region need to be improved. The different datasets tested in the present study will be further
evaluated in a forthcoming study in which the surface pressure and/or the total column O>
amount will be retrieved from atmospheric measurements. It is worth noting that most of the
available spectroscopic studies of O in this spectral region were performed at room temperature
only. Accurate spectroscopic data for the temperature dependences of both the CIA coefficients

and the absorption lines parameters are therefore still needed.
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