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Abstract: The purpose of this paper is to study how the application of different sets of absorption
cross-sections influence the ozone vertical distribution (OVD) in the upper layers of the troposphere—
stratosphere in the altitude range ~(5–45) km, using a differential absorption lidar (DIAL), operating at
the sensing wavelengths 299/341 nm and 308/353 nm. We analyzed the results of lidar measurements
of OVD obtained in 2021 using meteorological data from the IASI/MetOp satellite at the Siberian
Lidar Station (SLS). The retrieval was performed using the data of four groups concerning the
absorption cross-sections: Gorshelev et al., Malicet et al., SCIAMACHY, and GOME. To estimate how
the absorption cross-sections influence the OVD retrieval from lidar measurements, we calculated the
average deviations between the profiles retrieved using different sets both in a particular case on 2
January 2021 and throughout 2021. Our study showed that, out of the four absorption cross-section
sets, the data of Gorshelev et al. should be used for long-term lidar monitoring of the ozone. These
data show a more discrete dependence of the absorption cross-sections on the temperature values,
which is more urgent for tropospheric and stratospheric ozone measurements.

Keywords: laser sensing; differential absorption; IASI; ozone and temperature-monitoring instruments

1. Introduction

The problem of remote monitoring of minor gas constituents (MGCs) and aerosols in
the atmosphere is urgent for constructing atmospheric models and for controlling Earth’s
climate change [1].

It is principally important that most of the radiatively active atmospheric constituents,
i.e., clouds, aerosols, water vapor, and, especially, the ozone, are interrelated. For instance,
the water vapor content of the atmosphere increases by evaporation during global warming.
Depletion of the ozone layer leads to an increase in the incoming shortwave ultraviolet (UV)
solar radiation. This results in an increase in the atmosphere of the strongest photooxidants
OH and H2O2 that stimulate the nucleation of aerosol, serving as condensation nuclei in the
processes of cloud formation [2]. The increase of the temperature near the Earth’s surface is
known to be accompanied by temperature decrease in the troposphere, stratosphere, and
mesosphere [3,4]. This should result in an increased probability of re-condensation clouds:
cirrus clouds in the troposphere, nacreous clouds in the stratosphere, and noctilucent
clouds in the mesosphere. From the viewpoint of the atmospheric radiation budget, the
main climate-forming factors are cloud and aerosol fields, as well as greenhouse gases and,
primarily, ozone and gas components of ozone cycles. Only stationary and mobile remote
laser sensing or lidar sensing can provide information on ozone and aerosol distribution
in the atmosphere at high speed and on large spatial scales [5–26]. It should be noted that
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stationary lidar stations, similar to the Siberian Lidar Station (SLS), operate in different parts
of the world: Tsukuba (36.05◦ N, 140.13◦ E), Japan [5,6]; Observatoire de Haute Provence
(OHP) (43.94◦ N, 5.71◦ E), France [7,8]; Hefei (31.82◦ N, 117.22◦ E), China [9,10]; Table
Mountain Facility (TMF) (34.4◦ N, 117.7◦ W), USA [11,12]; Goddard Space Flight Center
(GSFC) (37.1◦ N, 76.39◦ W), USA [13]; Vladivostok (43.3◦ N, 132◦ E), Russia [14]; SLS or
Tomsk (56.50◦ N, 85.00◦ E), Russia [15,16]; Yangbajing Observatory (30◦5′ N, 90◦33′ E),
China [17]. There are modern mobile ozone lidars, located in trailers or on aircraft and
united into a single research group. This USA group arranged a network of mobile lidars
known as the Tropospheric Ozone Lidar Network (TOLNet) [18]: Goddard Space Flight
Center TROPospheric Ozone DIfferential Absorption Lidar (GSFC TROPOZ DIAL), North-
east of Washington, D.C. Greenbelt, Greenbelt, MD, USA [19]; Langley Mobile Ozone Lidar
(LMOL), NASA Langley Research Center, Hampton, VA, USA [20]; Tunable Optical Profiler
for Aerosol and Ozone (TOPAZ) system, NASA Langley Research Center, Hampton, VA,
USA [21–23]; Autonomous Mobile Ozone Lidar Instrument for Tropospheric Experiments
(AMOLITE) system, Air Quality Processes Research Section, Environment and Climate
Change Canada, Toronto, Canada [24]; Langley Research Center airborne ozone lidar,
NASA Langley Research Center, Hampton, VA, USA [25]. The SSRL (solid-state Raman
laser) mobile lidar was created by Chinese scientists, Anhui Institute of Optics and Fine
Mechanics of Chinese Academy of Sciences, Hefei [26]. An integral element of processing
the results from laser monitoring is the application of the actual temperature-dependent
absorption cross-sections of studied gas and most urgent meteorological data [27–31].
Therefore, the arising urgent need to present relevant recommendations on using the exist-
ing absorption cross-sections, applied to retrieve the ozone concentrations, and the problem
of estimating their effect on the results obtained, started the activity of the Absorption
Cross-Section of Ozone (ACSO) commission. The ACSO committee was established in 2008
as a joint initiative of the International Ozone Commission (IO3C), the World Meteorolog-
ical Organization (WMO), and Integrated Global Atmospheric Chemistry Observations
(IGACO) O3/UV subgroup on UV radiation for studying ozone absorption cross-sections.
The ACSO proceeded to work within two time frames (2009–2011, 2013) [27]. Work [28], per-
formed in the ACSO framework, compared the effects using three absorption cross-section
datasets, i.e., Daumont, Brion and Malicet; Bass and Paur; Serdyuchenko and Gorshelev.
These data were utilized to retrieve the ozone vertical distributions (OVD) from Ozone
Monitoring Instrument (OMI) measurements in the wavelength range of 270–330 nm; the
results were found to be biased by 5–10 DU. Comparison of results using Gorshelev/Bass
and Paur datasets against ozonesondes showed considerable deviations up to 70%, in
contrast to the application of Daumont and Brion/Malicet absorption cross-sections, which
gave biases within 10%. In work [29], as a continuation of previous research, the data from
the SCIAMACHY satellite spectrometer were added to analyze the temperature depen-
dence of the existing absorption cross-sections. This work was furthered in studies of how
absorption cross-section sets influence the ozone profiles from Global Ozone Monitoring
Experiment (GOME) ultraviolet measurements in the wavelength ranges of 289–307 nm
and 326–337 nm [30]. The result of the ACSO’s work was presented in the final report [27].

In our previous work [31], we considered how temperature correction, and especially
the absorption cross-sections from the works of Gorshelev et al. [32,33], influence the
retrieval of ozone profiles in the upper troposphere–stratosphere when using a seasonal
model of the temperature and the satellite-based temperature profiles. The retrieval results
were subject to comparative analysis and showed that the application of temperature
correction, using satellite-based temperature profiles, makes it possible to increase the
information content of lidar sensing of the ozone in long-term monitoring at the wavelength
pairs of 299/341 nm and 308/353 nm.

The purpose of this work is to study how different absorption cross-section sets
influence the retrieved ozone profile in the stratosphere and in the upper troposphere–
lower stratosphere (UTLS) in the altitude range of 5–45 km, using a differential absorption
lidar (DIAL). In our work, the vertical distribution of ozone concentration was retrieved
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by applying the data of four groups concerning absorption cross-sections: Gorshelev
et al., Malicet et al. [34], SCIAMACHY [35], and GOME [36]. We analyzed the comparisons
between the average profiles retrieved using the four groups of the absorption cross-sections.
The result of the analysis are a justification for choosing urgent absorption cross-sections to
be used for OVD retrieval in long-term lidar monitoring.

2. Lidar and Satellite Instruments

For the measurements of OVD at the wavelengths 299/341 and 308/353 nm in the
altitude range of ∼5–20 km and 15–45 km, at the SLS, a lidar complex is operated, im-
plementing the work in the long-term monitoring mode in the UTLS and in the strato-
sphere [37]. The cycle of lidar measurements in the troposphere–stratosphere takes, on
average, 1.5–2.5 h per day. In this period of time, two tropospheric and two stratospheric
profiles of OVD are obtained at SLS. The main characteristics of the lidar complex were
presented in detail in our previous work [16].

The Infrared Atmospheric Sounding Interferometer (IASI) is mounted onboard the
meteorological satellite of the European Space Agency (MetOp) and works within the Euro-
pean Polar System Program. The interferometer measures such atmospheric constituents as
CO2, CH4, N2O, CO, O3, and HNO3, as well as the air temperature and humidity profiles in
the UTLS in the near-real-time mode. IASI provides high-radiometric quality spectra with a
resolution of 0.5 cm−1 in the range from 625 to 2760 cm−1 [38]. IASI data are received with
the help of a 2.4 XLB satellite information receiving station. We receive the temperature
profiles from the satellite data receiving station with the spatial resolution of from ~150 m
in the surface layer to several kilometers in the stratosphere and higher [39]. The obtained
IASI data consists of 100 points in the high-altitude range 0.15–80 km.

The Microwave Limb Sounder (MLS) operates onboard the American scientific-
research satellite Aura. The sounder measures atmospheric constituents such as BrO,
CH3Cl, CO, ClO, HCl, HNO3, HO2, N2O, O3, etc., as well as the air temperature and humid-
ity profiles in the stratosphere within the National Aeronautics and Space Administration
(NASA) Earth Observing System Program. Our work uses the standard temperature data
products obtained at 118 GHz in the stratosphere and 239 GHz in the troposphere [40,41].
MLS data are freely accessible on the NASA website [42]. The available MLS temperature
profiles consist of 43 points with spatial resolution from about 1 km to several kilometers in
the high-altitude range of 8–96 km.

Data from the SLS lidar complex are processed by introducing the meteorological
data from MetOp or Aura. This is required for comparing the lidar and satellite OVDs, for
studying the seasonal variations in the vertical distribution of ozone concentration, and for
the long-term monitoring.

3. Measurement Technique

The lidar method of differential absorption and scattering envisages a comparison of
signals returned from the atmosphere or lidar signals at two wavelengths, 299 or 308 nm
(ozone absorption), and 341 or 353 nm (reference wavelengths). Analysis of the ratio of two
lidar signals makes it possible to estimate the concentration of ozone in the atmosphere
and its vertical distribution.

This method is actively used at all lidar stations around the world, where OVD is
measured. It is based on the application of the equation from the works [43–45]:

n(H) =
1

2
[
kon(H, T)− ko f f (H, T)

] × d
dH

[
ln

No f f (H)

Non(H)

]
,

where n(H) is the concentration of ozone (1012 molecules × cm−3) at the altitude H, Non(H)
and Noff(H) are the return signals recorded (number of photons) at the wavelengths λon (on
the absorption line) and λoff (off the absorption line); kon(H,T) and koff(H,T) are the ozone
absorption cross-sections (cm2/molecule) with the temperature dependence.



Atmosphere 2022, 13, 293 4 of 12

Real variations in the atmospheric temperature may cause substantial changes in a
priori calculation of the ozone absorption coefficient, leading to systematic errors. Therefore,
the OVD retrieval algorithm should be corrected for the temperature dependence using
MetOp meteorological satellite data. The retrieval algorithm [34] incorporates the actual
temperature dependence of the ozone absorption cross-section. In our work, we used the
MetOp meteorological satellite data, and the absorption cross-sections from Gorshelev and
Serdyuchenko, SCIAMACHY data, GOME data, and Malicet data for the wavelengths
299 and 341 nm, 308 and 353 nm. The absorption cross-section sets are distributed over
wavelengths of 213–1100 nm and discrete values of the temperature. We sampled the
absorption cross-sections according to the values close to the sensing wavelengths of the
lidar complex. The sampling result is presented in Tables 1–4.

Table 1. The ozone absorption cross-sections (cm2/molecule) for two-wavelength pairs of ozone
sensing from Gorshelev and Serdyuchenko [32,33].

Wavelength,
nm

Temperature, K

193 203 213 223 233 243 253 263 273 283 293

Online

299 4.12 ×
10−19

4.15 ×
10−19

4.25 ×
10−19

4.15 ×
10−19

4.3 ×
10−19

4.25 ×
10−19

4.36 ×
10−19

4.36 ×
10−19

4.38 ×
10−19

4.46 ×
10−19

4.58 ×
10−19

308 1.13 ×
10−19

1.14 ×
10−19

1.16 ×
10−19

1.17 ×
10−19

1.18 ×
10−19

1.19 ×
10−19

1.24 ×
10−19

1.25 ×
10−19

1.28 ×
10−19

1.31 ×
10−19

1.35 ×
10−19

Offline

341 5.62 ×
10−22

5.94 ×
10−22

6.1 ×
10−22

6.95 ×
10−22

7.05 ×
10−22

7.59 ×
10−22

8.15 ×
10−22

8.9 ×
10−22

9.9 ×
10−22

1.08 ×
10−21

1.15 ×
10−21

353 4.95 ×
10−23

6.4 ×
10−23

7.25 ×
10−23

8.88 ×
10−23

9.57 ×
10−23

1.1 ×
10−22

1.27 ×
10−22

1.45 ×
10−22

1.67 ×
10−22

2.02 ×
10−22

2.38 ×
10−22

Table 2. Cross-sections (cm2/molecule) for two-wavelength pairs from Malicet data [34].

Wavelength,
nm

Temperature, K

218 228 243 273 295

Online

299 4.1 × 10−19 4.1 × 10−19 4.25 × 10−19 4.3 × 10−19 4.6 × 10−19

308 1.2 × 10−19 1.2 × 10−19 1.2 × 10−19 1.26 × 10−19 1.36 × 10−19

Offline

341 6 × 10−22 6 × 10−22 6 × 10−22 6 × 10−22 1.2 × 10−21

353 6.5 × 10−23 7.5 × 10−23 1 × 10−22 1.5 × 10−22 2.2 × 10−22

Table 3. Cross-sections (cm2/molecule) for two-wavelength pairs from SCIAMACHY data [35].

Wavelength,
nm

Temperature, K

203 223 243 273 293

Online

299 4.1 × 10−19 4.12 × 10−19 4.25 × 10−19 4.44 × 10−19 4.56 × 10−19

308 1.13 × 10−19 1.17 × 10−19 1.21 × 10−19 1.28 × 10−19 1.34 × 10−19

Offline

341 5.59 × 10−22 6.74 × 10−22 7.61 × 10−22 9.67 × 10−22 1.14 × 10−22

353 6.06 × 10−23 8.58 × 10−23 1.15 × 10−22 1.73 × 10−22 2.42 × 10−22
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Table 4. Cross-sections (cm2/molecule) for two-wavelength pairs from GOME data [36].

Wavelength,
nm

Temperature, K

202 221 241 273 293

Online

299 4.12 × 10−19 4.16 × 10−19 4.27 × 10−19 4.49 × 10−19 4.59 × 10−19

308 1.18 × 10−19 1.19 × 10−19 1.23 × 10−19 1.31 × 10−19 1.36 × 10−19

Offline

341 5.74 × 10−22 6.25 × 10−22 7.16 × 10−22 9.49 × 10−22 1.13 × 10−21

353 5.72 × 10−23 6.93 × 10−23 9.91 × 10−23 1.86 × 10−22 2.41 × 10−22

The absorption cross-section differential for different sets in a linear form is shown
in Figure 1. From Figure 1, it can be seen that the absorption cross-sections are varied
with the different steps of temperature points. Figure 1 shows the absorption cross-section
differences with significant deviations for the wavelength pair 299–341 nm. However, for
the wavelength pair 308–353 nm, the OACSs from different data sets are close, especially
for the SCIAMACHY and Gorshelev data. It is important to develop the works on refining
the temperature dependence of absorption cross-sections, using temperature values not
addressed before in other studies. Particularly, as shown in Figure 1a, the oscillations in
the difference between absorption cross-sections strongly vary from one point to another,
according to the data of Gorshelev and Serdyuchenko. This work will significantly improve
the reliability of lidar measurements.

Figure 1. The differential ozone absorption cross-sections (i.e., kon–koff), for (a) 299/341 nm and
(b) 308/353 nm) derived from four different datasets: SCIAMACHY, GOME, Malicet, and Gorshelev.

Data from the work of Gorshelev and Serdyuchenko are among the best absorption
cross-section sets to date. They were the last experimenters known to measure the ab-
sorption cross-sections and take into consideration all the previous results. They used
two types of spectrometers (Echelle and Fourier transform), which made it possible to
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obtain new broadband absorption cross-sections of ozone, covering the wavelength range
from UV to NIR (213–1100 nm). In their work, they achieved the absorption cross-section
measurements at the record low temperature of 193 K and carried out a step in the tem-
perature values of 10 K for the absorption cross-section measurements, as compared to
the 20 K step in the GOME and SCIAMACHY, Malicet data. As a result, the number of
discrete temperature-dependent absorption cross-sections according to the Gorshelev and
Serdyuchenko data is about two times greater than can be obtained using GOME and
SCIAMACHY, Malicet values. To solve the inverse problem of retrieving the ozone concen-
tration from the data of lidar sensing, we preferred to choose the results from Gorshelev
and Serdyuchenko because the error of all absorption cross-section sets is within ~3%.

4. Results and Discussion

During 2021, we carried out more than 100 measurements in the stratosphere and in the
UTLS. Using the method of differential absorption and scattering, with the incorporation
of the actual temperature measurements from MetOp and different sets of absorption
cross-sections into the retrieval algorithm, we calculated the average ozone profiles for the
stratosphere and UTLS. In this work, we used those results for analysis to clarify precisely
how different absorption cross-sections will influence the long-term measurements of the
vertical distribution of ozone concentration. Analysis of the temperature correction in
applying model- and satellite-based vertical distributions of the temperature was carried
out in our previous work [31].

For a particular case of measurements on 2 January 2021, as an example, Figure 2
shows how the sets of the absorption cross-sections were used to influence the deviation of
ozone profiles obtained. We have reduced the altitude and ozone concentration ranges to
show more clearly the difference between the profiles. At the stratospheric heights near the
ozone maximum, significant profile deviations are present. It can be seen that the retrieved
ozone profiles using Gorshelev and SCIAMACHY absorption cross-sections are very close.
The difference between the SCIAMACHY and Malicet ozone profiles at 18.5 km altitude
reaches 0.27 × 1012 molecules × cm−3 or ~4.5. The obtained tropospheric profiles have
close values over the entire altitude interval. The difference between the Gorshelev and
Malicet ozone profiles at 13 km altitude reaches 0.11 × 1012 molecules × cm−3, or ~4%.

Figure 2. Cont.
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Figure 2. Ozone vertical distributions, retrieved using different absorption cross-sections and MetOp
meteorological data: (a) stratospheric ozone profiles, (b) tropospheric ozone profile, (c) zoomed-in
UTLS, and (d) tropospheric ozone profiles.

We note that the deviations presented in Figure 2 are very close. To demonstrate the
most visible differences in the stratosphere, we facilitated a transect at 18.5 km. The transect
showed that the retrieved profiles have the following values: 5.83 × 1012 molecules × cm−3

for Malicet, 6.05 × 1012 molecules × cm−3 for Gorshelev, 6.1 × 1012 molecules × cm−3

for SCIAMACHY, and 5.91 × 1012 molecules × cm−3 for GOME. At the same time, when
considered on an enlarged scale as in Figure 2c, the ozone vertical profiles, obtained
applying different sets of absorption cross-sections, do not intersect with each other and
are within the retrieval error of ~6–14% for the altitudes of 5–20 km and within 5% for the
stratospheric altitudes at the spatial resolution of 100 m.

We will consider the statistical characteristics of how the absorption cross-section sets
influence the OVD behavior in the framework of 2021 lidar measurements. The series of
ozone profiles were retrieved using different absorption cross-section sets from the same
lidar signals. Calculating the average over each series gave us the difference between the
profiles: between Gorshelev and SCIAMACHY, Gorshelev and Malicet, Gorshelev and
GOME, SCIAMACHY and GOME, SCIAMACHY and Malicet, and GOME and Malicet.
Figure 3 presents the differences between the average profiles graphically.

We covered the altitude interval within 15–40 km to better represent the data obtained
from the stratospheric measurements. From Figure 3, it can be seen that the closeness of
OVDs, retrieved using Gorshelev and SCIAMACHY absorption cross-sections is statistically
confirmed. We note that the largest deviations between the differences are recorded at the al-
titudes of the stratospheric maximum, ~20–22 km. From Figure 3, it can be seen that within
~20–22 km, SCIAMACHY/Malicet has a maximum of 0.25 × 1012 molecules × cm−3 at the
altitude of 20.7 km, GOME/Malicet has a maximum of 0.08× 1012 molecules× cm−3 at the
altitude of 20.7 km, SCIAMACHY/GOME has a maximum of 0.17 × 1012 molecules × cm−3

at the altitude of 20.7 km, Gorshelev/GOME has a maximum of 0.13 × 1012 molecules × cm−3

at the altitude of 20.7 km, and Gorshelev/SCIAMACHY has a maximum vertical distri-
bution of –0.05 × 1012 molecules × cm−3 at the altitude of 21.2 km. This pattern is
characteristic of the Gorshelev/Malicet difference between the average profiles, in which
case it is 0.21 × 1012 molecules × cm−3 at the altitude of 21.1 km.
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Figure 3. Ozone vertical distributions, retrieved using different absorption cross-sections and MetOp
meteorological data: stratospheric ozone profile differences.

In a similar way, we calculated the differences for the average profiles in the UTLS.
These results are presented graphically in Figure 4.

Figure 4 statistically confirms that the biggest average profile for all altitudes was
obtained using Malicet absorption cross-sections. Next are the average profile with SCIA-
MACHY absorption cross-sections and the profiles from GOME and Gorshelev. For a
particular case, this is also confirmed in Figure 2. We note that a break at altitudes of
12–13 km near the tropopause is discernible for the difference between the average pro-
files of Gorshelev/Malicet, SCIAMACHY/Malicet, and GOME/Malicet. From Figure 4,
it can be seen that, within the altitude range of 6.5–7 km, there is a zero difference, i.e.,
there is no difference between the average profiles at these altitudes. However, outside
this altitude range, there are minimal values, close to zero. The maximal deviations
(–0.13 × 1012 molecules × cm−3) are found between Gorshelev and Malicet at the altitude
of 13.1 km; and the minimal differences (–0.03 × 1012 molecules × cm−3) between them
are at the altitude of 7.7 km. The minimal deviations between Gorshelev and GOME are
–0.003 × 1012 molecules × cm−3 at the altitude of 7.7 km; and the maximal deviations
reach –0.11 × 1012 molecules × cm−3 at the altitude of 19.2 km. In a similar way, there are
maximal deviations between SCIAMACHY and Malicet of 0.15 × 1012 molecules × cm−3

at the altitude of 19.6 km and minimal deviations of –0.01 × 1012 molecules × cm−3

at the altitude of 7.3 km. The Gorshelev and SCIAMACHY have maximal deviations
of –0.15 × 1012 molecules × cm−3 at the altitude of 19.4 km, and the minimal differences
(–0.003 × 1012 molecules × cm−3) between them are at the altitude of 7.1 km. These devia-
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tions are very significant for tropospheric altitudes. The meteorological data and absorption
cross-sections applied for profile retrieval are very important for such altitudes. Gener-
ally, we use meteorological data from the MetOp satellite, and absorption cross-sections
from Gorshelev and Serdyuchenko. They are most relevant to our studies and influence
appreciably the results in studies of the ozonosphere dynamics.

Figure 4. Ozone vertical distributions, retrieved using different absorption cross-sections and MetOp
meteorological data: tropospheric ozone profile differences.

5. Conclusions

In this paper, we present the deviations of ozone profiles, averaged over all measure-
ments obtained over 2021. This is sufficient to estimate the general pattern, where there is
the effect from applying absorption cross-section sets at the altitudes of the stratosphere
and troposphere. The analysis of comparisons of ozone profiles for different absorption
cross-section sets and their average deviations showed that for lidar monitoring, it is ac-
ceptable to use the data from the works of Gorshelev and Serdyuchenko, especially at
tropospheric altitudes. The effect of using different data is more pronounced at tropospheric
altitudes around tropopause at the wavelengths 299/341 nm, where the used absorption
cross-section sets strongly vary from one point to another. The temperature dependence
of the absorption cross-sections will influence the behavior of ozone profiles in the tropo-
sphere and stratosphere more heavily after the addition of earlier unexplored temperature
quantities, thus substantially increasing the reliability of the OVD retrievals. In the OVD
retrievals, one should not use the data of Malicet because they strongly overestimate the
ozone concentrations in the troposphere and underestimate them in the stratosphere. Of the
four absorption cross-section sets, we recommend using the Gorshelev data because they
give more detailed information on the absorption cross-sections over discrete values of the
temperature, which is very important for lidar sensing of the troposphere where the factor
of temperature variations is great. In the stratosphere, the SCIAMACHY data provides
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slightly more overestimated ozone concentrations than Gorshelev. However, considering
that when ozone anomalies occur, it is important to take into account more pronounced
temperature variations, Gorshelev data should be considered as an ultimate choice of the
absorption cross-sections for retrievals at stratospheric altitudes.
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