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Abstract

Using ozonesonde measurements from 2015 to 2018 at the Jang Bogo station located in the

Antarctic region, we evaluate ozone profile retrieved from the three satellite measurements that are

widely used: Ozone Monitoring Instrument (OMI), Microwave Limb Sounder (MLS), and Ozone

Mapping Profiler Suite (OMPS) data. For the fair validation, ozonesonde profiles become smoothed

using the a priori ozone profile used in the satellite retrieval algorithm (i.e., convolution process).

Compared with limb-viewing MLS and OMPS ozone profiles, the OMI ozone profiles are relatively

less qualified: coarser vertical resolution and larger inter-annual variation. Nevertheless, our validation

reveals that the quality of all three satellite ozone profiles looks comparable; In general, difference from

ozonesonde profile is ~1 ppm absolutely, and -20 to 30 % relatively at maximum. This quantitative

range well corresponds to previous work, meaning that our new validation confirms the reliability of

satellite ozone profiles in the Antarctic region once more. Another interesting feature is the role of a

priori ozone profile. Despite the technical difficulty, nadir-viewing OMI satellite can have qualified

ozone profiles by a proper assumption of a priori ozone profile. We think that the simultaneous usage

of multiple satellite ozone profiles can contribute to better understanding of Antarctic ozone

characteristics.

Keywords: Jang Bogo Station, ozonesonde, ozone profile, OMI, MLS, OMPS
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1. Introduction

Since the stratospheric ozone hole in the Antarctic spring was officially reported in the early 1980s
(Farman et al., 1985), ground-based and space-borne monitoring networks have been extensively
established to understand the physicochemical process of atmospheric ozone. The Antarctic ozone hole
issue prompted a worldwide phaseout of the production of anthropogenic halocarbons containing
chlorine and bromine, which are known to be the primary sources of reactive halogens responsible for
ozone depletion (WMO, 2014). Based on this scientific evidence, the Montreal Protocol, a global
agreement to reduce human emissions of ozone-depleting gases, was started in 1987. Through effort in
this action, the signs of ozone recovery have been reported since 2000. Solomon et al. (2016) showed
the increases in the total 0zone column (TOC) and changes in the vertical profile of 0zone concentration
over the Antarctic region. Goutail et al. (2018) also represented the large decrease of ozone hole area
over the Southern Hemisphere. However, stratospheric ozone recovery is not perfectly guaranteed yet.
Continuous ozone loss is especially detected in the upper troposphere and lower stratosphere (UTLS)
of equatorial and mid-latitudinal regions (Ball et al., 2018; Ball et al., 2019).

This inconsistent trend of stratospheric ozone according to the altitude implies that the analysis of
the ozone profile is an essential task for the accurate diagnosis of ozone depletion and its effect to the
climate change. The balloon-borne ozonesonde is the representative method for in-situ monitoring of
ozone profiles from the surface to ~ 35 km (Komhyr, 1986) and has been utilized as a standard dataset
for examining the vertical structure of ozone. Although there are globally ~50 stations to conduct the
routine measurement of ozonesonde, observations in the Antarctic region were quite limited.
Ozonesonde observations in the southeastern Antarctic area were particularly rare, only a few at the
McMurdo (Rabier et al., 2013; Gazeaux et al., 2013) and Bharati station (Hulswar et al., 2020). In this
situation, the Korea Polar Research Institute (KOPRI) started the contribution to the Antarctic
ozonesonde monitoring since 2014 at the Jang Bogo station located in the east Antarctic Ross Sea

(Figure 1). Since the Brewer spectrophotometer (MK 111, #220) has also monitored the total ozone (Kim
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et al., 2021), the Jang Bogo station is the appropriate place for the inter-comparison of ozone profile
from various techniques. This will be quite useful to evaluate the sensitivity of Antarctic air chemistry
to the climate variability in different altitudes.

To get over the spatial limitation of ground-based monitoring, the satellite remote sensing has been
also actively utilized for the Antarctic ozone monitoring. Instruments onboard the polar-orbit satellite
can detect the atmospheric 0zone, resulted in the retrieval of TOC and vertical ozone profiles. Two types
of satellite measurements, nadir-viewing and limb-viewing, have been used for the ozone monitoring
for along time: e.g., the Ozone Monitoring Instrument (OMI) and the Microwave Limb Sounder (MLYS)
onboard the NASA Aura satellite. Wide spatial coverage of these satellite measurements enable us for
the comprehensive investigation of the Antarctic ozone profile if they are qualified. Namely, the
validation of satellite data quality is an essential step for accurate analysis of ozone pattern and relevant
climate processes (Sepulveda et al., 2021).

In this context, inter-comparison analyses have been significantly conducted between the ground-
based and satellite ozone data. But these efforts were mostly for the validation of TOC measurement,
not for that of ozone profile due to the deficiency of available in-situ ozone profiles. As a result, the
accuracy of satellite TOC data has been well evaluated so far, but the quality of ozone profile from the
satellite measurements is still remained uncertain. A few studies performed the validation of satellite
ozone profile over the Antarctic region (e.g., Huang et al., 2017; Kramarova et al., 2018), but additional
validations are much required to cover the whole Antarctic area. Most of the ground stations were

installed in the western part of the Antarctic or in the coast of Antarctic, implying that the satellite

measurements over the high latitude ( > 70 °S) or over the eastern part of Antarctic were not much

validated with the ground-based measurements.

As mentioned, the Jang Bogo station, the second Korean base in Antarctica, was installed in the

high latitude of eastern Antarctic region (74.5 °S, 164.4 °E). Thus, ozonesonde observations here are
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invaluable, enabling us to assess satellite ozone profile over the Antarctic region where the ground-
based monitoring has not been performed much. In this study, we evaluate ozone profile products from
several satellite measurements by comparing to the ozonesonde data at the Jang Bogo station, which
resulted in a better understanding for the performance of satellite remote sensing for the ozone profile
in eastern Antarctica. Section 2 describes the characteristic of ground-based and satellite ozone profile
datasets, and Section 3 explains the validation methodology to compare satellite profiles with
ozonesonde data. The results are presented and discussed in Section 4, and the summary of this study
is presented in Section 5. We believe that all information in this study will suggest helpful ideas for the

investigation of the ozone-climate connection in the Antarctic area.

2. Data
2.1 Ozonesonde observations

The ozonesonde is a well-established technique to observe the ozone profile from the surface to
~35 km with a vertical resolution of 100 to 150 m. It is equipped with a radiosonde, a global positioning
system (GPS) receiver, and an electrochemical cell (ECC) sensor using an iodine-iodide redox method.
The precision of ozonesonde is approximately 3-5%, and the accuracy is 5-10% (Komhyr, 1986;
Komhyr et al., 1995; Anne et al., 2019). At the Jang Bogo station, ozonesondes (VAISALA GPS RS92G
radiosonde and ECC) were usually launched in austral spring (from September to November) to monitor
stratospheric ozone hole. Accordingly, vertical profiles of temperature, pressure, and 0zone mixing ratio
were collected. This study utilizes these ozonesonde data to evaluate ozone profiles from the satellite
observation from 2015 to 2018. To avoid the inclusion of anomalous profiles, we screen out 0ozonesonde
data if it bursts at a pressure exceeding 20 km or no measurement continues longer than 3 km vertically
(Huang et al., 2017).

Owing to the wind influence, perpendicular observations of ozonesonde usually have the

horizontal movements. Since the Jang Bogo station is the downwind area of the eastern Antarctic
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plateau, which is strongly influenced by katabatic winds from the high-elevation (Yoo et al., 2018; Ahn
et al. 2019), the launched ozonesonde is likely to drift eastward from the station while ascending. Figure
2 describes the horizontal trajectories of the ozonesonde in September, October, and November during
2015-2018. We calculate the distance range between the Jang Bogo station and the last location of the
ozonesonde flight. As a result, the drift distance ranges is ~70.9 km at minimum (October 2015) and
~261 km at maximum (October 2017). The averaged distance between Jang Bogo station and
ozonesonde flight is 158.6 km, latitude within + 1.5°, and longitude within + 5° from Jang Bogo station.
To utilize satellite data sufficiently for the comparison to the ozonesonde data, we designate the
coincident criteria (i.e., spatial criteria of comparison), which is the latitude = 3° and longitude + 10°.

The detailed methodology is described in Section 3.

2.2 Satellite ozone profiles

In this study, our main objective is the evaluation of retrieved ozone profiles from the satellite
remote sensing, which is composed of two different techniques, which are the nadir-viewing and limb-
viewing satellite measurement; The limb-viewing instruments provide a higher vertical resolution (~ 3
km) but have limited spatial coverage and a coarse horizontal resolution than the nadir-viewing
instruments. For this purpose, we use two nadir-viewing ozone profile products from OMI
measurements and two limb-viewing ozone profile products from MLS and Ozone Mapping and
Profiler Suite (OMPS) limb-profiler (LP) measurements. The general characteristics of these products
are summarized in Table 1, and the vertical resolution of these data is depicted in Figure 3.

Characteristics of these data in detail are described below.

2.2.1 OMI ozone profiles
The OMI is a nadir-viewing instrument onboard the Aura satellite. It uses the ultraviolet (UV) and

visible (VIS) channels, measuring backscattered radiances in three bands in the wavelength range from
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270 to 500 nm (UV-1: 270-310 nm, UV-2: 310-365 nm, VIS: 350-500 nm) with spectral resolutions
of 0.42-0.63 nm (Levelt et al., 2018). A spatial resolution is 24 km x 13 km (across-track x along-track)
at the nadir position for UV-2 and VIS channels, and 48kmx13km for the UV-1 channel. Using these
OMI measurements, ozone profiles can be retrieved from two algorithms named as OMO3PR and
PROFOZ. For the retrieval, both OMO3PR and PROFOZ algorithms use the optimal estimation (OE)
technique associated with the spectral range of 270-310 nm from the UV-1 channel and 310-330 nm
from the UV-2 channel.

They have significantly different implementations in detail (Bak et al., 2015) as specified in Table
1. In both algorithms, two UV-2 spectra are co-added to match the UV-1 spatial resolution in the cross-
track position. Due to the expensive computational budget, however, four along-track pixels are further
co-added in the PROFOZ algorithm (spatial resolution is 48 x 52 km?) while OMO3PR performs
retrievals for one out of five UV-1 pixel along-track. Since nadir viewing instruments provide limited
vertical information in the lower atmosphere, especially in high-latitudes due to the reduced photon
penetration into the troposphere at high SZA, the OE technique combines a priori information with
measurements to stabilize the retrieval. Both ozone profile products from the OMO3PR and PROFOZ
algorithms use the climatological a priori information derived from Aura MLS and ozonesonde
observations (McPeters et al., 2007). Relatively, the PROFOZ has been more extensively validated
through long-term comparisons with multiple ozone data from satellite, ozonesonde, and ground-based
observations, resulted in an overall agreement of 3—20 % (Huang et al., 2017; 2018). The best agreement
was found between PROFOZ and Brewer spectrophotometer in the Arctic, which is a mean difference
of within 1% at most (Bak et al., 2015). In January 2009, the occurrence of OMI row anomaly occurred,
inducing some biases dependent on latitude, season, SZA, and cross-track positions (Huang et al., 2017).

For the comparison with ozonesonde in this study, we only use the level 2 0zone profiles of version
0.9.3 (Liu et al., 2010), which has been more frequently examined. The PROFOZ profiles of partial

ozone columns are retrieved at 24 layers. We use a quality flag of a suitable pixel, according to van Oss
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et al. (2002) and Liu et al. (2010).

2.2.2 MLS ozone profiles

The MLS is a limb-viewing instrument onboard the Aura satellite along with OMI. The MLS
provides daily global coverage with ~15 orbits for the thermal emission measurement at 240 GHz
microwave channel (Waters et al., 2006). We use the MLS version 4.2 Level-2 ozone profile product
retrieved from the OE technique (Livesey et al., 2015) with a priori data taken from the climatology
based on the model for ozone and related chemical tracers (MOZART). The a priori covariance is
constructed using a considerable error value because the retrievals are not too sensitive to the values of
the a priori (Lucien Froidevaux, personal communication). The MLS ozone comparison in the
stratosphere with other profiles from satellite, balloon, aircraft, and ground-based data have shown an
overall agreement of 5-10 % (Livesey et al., 2015). We use MLS version 4.2 ozone profile data for the
comparison with ozonesonde data. Considering data quality metrics, we filter the qualified data based
on the recommended process in Livesey et al. (2015). For selecting the reliable stratospheric region, we

only use the pressure height range from 261.0 to 4.6 hPa.

2.2.3 OMPS limb profiler ozone profile

The Limb Profiler (LP) is a part of the OMPS instrument onboard the Suomi NPP satellite launched
in October 2011. The OMPS LP provides a full global coverage per ~4 days, measuring scattered solar
radiation in UV and VIS spectral ranges. Then ozone profiles are separately retrieved using wavelengths
pairs in the UV range (OMPS UV algorithm: 302, 312, and 322 nm paired with 353 nm), and triplets in
the VIS range (OMPS VIS algorithm: 600 nm combined with 510 and 675 nm to form a single VIS
triplet). The OMPS VIS algorithm retrieves ozone in a lower altitude (~12.5 km) than the OMPS UV
algorithm. To compare more massive amounts of ozone profiles with ozonesonde, we use data from the

OMPS VIS algorithm (version 2.5) with a valid altitude range (12.5 to 33.5 km) and high quality flag
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(Johnson 2017; Kramarova et al., 2018).

2.4 Equivalent latitude

To understand the spatial pattern of Antarctic ozone depletion, the influence of the polar vortex
should be investigated. The Jang Bogo station is mostly located inside the polar vortex range but
sometimes located outside, associated with the day-to-day variation of polar vortex size and strength.
To consider this variation, we utilize the equivalent latitude (EqL), indicating where it has an equal
effect of a polar vortex. In other words, the usage of the EgL enables us to find if the target site is under
the polar vortex influence or not (Nash et al., 1996; Afel et al., 2013). Therefore, spatial criteria for the
validation (i.e., coincidence criteria) is determined using the relative EqL difference between
ozonesonde and satellite ozone data at the Jang Bogo station (description in detail in chapter 3). Since
the EqL is calculated from the potential vorticity (PV), here we use PV data on the 475K potential
temperature height where the atmospheric dynamic is dominantly controlled by Polar vortex
(Kuttippurath et al., 2010; Gazeaux et al., 2013). PV values are obtained from the European Centre for
Medium-Range Weather Forecasts reanalysis 5th Generation (ERA5) data for the latitude and longitude

resolution of 0.25° by 0.25°.

3. Comparison methodology
As mentioned above, previous studies used a range of coincidence criteria, implying the

spatiotemporal situation required for the comparison between ozonesonde and satellite observation.

Kroon et al. (2011) applied coincidence criteria of + 0.5° for both latitude and longitude and 12 hours.

Huang et al. (2017) filtered all OMI pixels within +1° latitude, £3° longitude, and +6 hours of each

ozonesonde measurement at first, and finally selected the nearest OMI pixel within 100 km from the

launching station. Kramarova et al. (2014) decided the coincidence if OMPS and MLS ozone profiles
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with ozonesonde observations are within £ 1° latitude, and + 4° longitude for an altitude range from

13.5 to 21.5 km. Compared to previous works, our coincidence criteria in this study are a little loose

because we would use sufficient data for the validation as much as possible. Our approaches are
described as a following; First, coincidence criteria are applied within + 3° for latitude and + 10° for

longitude spatially, and within the temporal criterion + 8 hours. Next, we examine if both ozonesonde
and satellite ozone data are under a similar dynamical status or not, based on the calculated EqL at 475
K potential temperature levels. We decide to use the case for the validation if EqL values from both
ozonesonde and satellite measurements are within + 3°, which was used in van Gijsel et al. (2010) to
avoid the comparison between different air masses in the Antarctic region (i.e., air mass from the inside
or outside of polar vortex). Figure 4 shows the colocation pattern of distance and time between
ozonesonde and satellite measurement in this study. Limb-viewing satellites (MLS and OMPS) show
the difference ~150 to 300 km spatially and ~4 to 6 hours temporally. Nadir-viewing satellites (OMI
PROFOZ) shows relatively smaller difference < 100 km spatially and ~2 to 7 hours temporally.

For the comparison between the ozonesonde and satellite ozone profiles, we also need to consider
the difference in vertical resolution. Since the satellite measurement has a lower resolution, the ozone
mixing ratio at a given altitude does not reflect the compact variation on a small scale, which can be
detected by the ozonesonde measurement. To reduce this impact of different vertical resolutions in the
comparison process (so-called smoothing errors), the high-resolution (~ 100 m) ozonesonde profiles
are smoothed into each satellite vertical resolution using the averaging kernel convolution approach,
called as the convolution process that have been widely used for this kind of comparison (e.g., Bak et
al., 2015). This convolution process is shown as the Equation (1) below.

Ksmooth = Xapriori + AKS (Xsonde = Xapriori) Q)
where Xsonge iS the 0zonesonde profile integrated into the satellite ozone profile grid, Xapriori is the a

priori ozone profile used in the retrieval of satellite ozone profile (Xsx), and AKs is the satellite
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averaging kernel matrix. The smoothing ozonesonde profile (Xsmooth) iS @ reconstruction of the
ozonesonde profile to match with the vertical resolution and sensitivity of the satellite retrieval (Rodgers,
2000).

Each satellite measurement provides the Xapriori USed in its own ozone profile retrieval. The usage
of Xapriori In the convolution process is to avoid unrealistic statistics skewed by minimal values in the
reference data (Liu et al., 2010). Once Xsmootn Obtained after the convolution process, finally we can
evaluate the satellite ozone profile Xs. The mean relative error between satellite and smoothing
ozonesonde profile (MREsx) is frequently considered for the quantitative evaluation in addition to the

absolute difference (Xsat — Xsmooth). MREsat is calculated as shown in Equation (2).

MRE,(%) = S 31, (Saomeon) 1, ?

Xaprioiri
In addition to MREsx, MRE between a priori and smoothed ozone profile (MREapriori) is also used
for the evaluation. MREapricri €nables us to assess the quality of a priori ozone profile for the ozone
profile retrieval of each satellite. Similar to the Equation (2), MREarioi is calculated as shown in

Equation (3).

MREapriori(%) == ?:1 (M) x 100. 3)

1
n Xapriori

4. Result and discussion

Figure 5 shows all used profiles of the 0zone volume mixing ratio (VMR) and temperature from
ozonesonde and satellite measurements used in the Jang Bogo station. For most of the year, the amount
of ozone is generally about 5 ppmv in the ozone layer, but it drops rapidly below 1 ppmv during the
austral spring (September to mid-October). It seems that satellite measurements tend to have higher
ozone concentrations throughout the ozone layer. The minimum TOC from these measurements

occurred on 19 October 2015, which was 160.1 DU. Under this ozone depletion condition, PV at 475K

was remarkably lower than -45x10° K-m?kg's™. Considering that the edge of polar vortex usually
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reveals the PV values from —30 to —45x10° K-m?kg!s? at 475K during the August to November

(Kuttippurath et al., 2010), this minimum TOC looks associated with the strongest polar vortex in the
whole period of this study.

At first, we focus on ozone profiles in this case (19 October 2015) showing the largest ozone
depletion to see the capability of each satellite for detecting the Antarctic ozone hole. For each satellite
data, we compare four different ozone profiles: ozone profile from the 0zonesonde measurement, ozone
profile from the satellite measurement, smoothing ozonesonde ozone profile based on the Equation (1),
and a priori ozone profile used in each satellite retrieval algorithm (Fig. 6). Ozone depletion strongly
occurs in the lower stratosphere (10 to 20 km), and ozonesonde detects ~0.2 ppmv here. While all
satellite retrieval algorithms just consider a priori ozone profile not to have ozone depletion in the lower
stratosphere, their final ozone profile products well detect the ozone depletion pattern from 10 to 20 km.
The OMI PROFOZ ozone profile looks especially impressive in spite of poor signal to noise ratios of
nadir-viewing measurements. The performance of each satellite ozone profile can be evaluated
guantitatively using MREsx values. For example, MREsx is 20.1% with OMI PROFOZ data, 14.1%
with MLS data, and 21.4% with OMPS data at ~18 km where the satellite ozone profile shows the
largest depletion. But the ozonesonde profile shows the largest 0zone depletion at ~ 13 km, resulted in
much larger MREs values. This case study implies that the satellite measurement can capture the in-
situ (ozonesonde) ozone profile, but the quantitative difference is not consistent according to the altitude.
This is the point that we need to remember when we need to use the satellite ozone profile related to
the analysis for the connection between the stratospheric 0zone variation and climate variability.

Comparison of averaging kernels (AKs) let us know which sensor has a high or low sensitivity to
the atmospheric ozone because AKSs indicate the contribution of information at each altitude.
Comeparison of the corresponding AKs among OMI PROFOZ, MLS, and OMPS on 19 October 2015
(Fig. 7) reveals that the ozone retrieval information mainly came from the measurements in the 15 km

to 30 km. The peak AKs values of the MLS and OMPS (limb-viewing) are higher than the OMI
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PROFOZ (nadir-viewing); The AKs of the MLS and OMPS are ~0.6-0.7, but those of the OMI
PROFOZ satellite are < 0.5, indicating that limb viewing satellite can have better sensitivity to the
stratospheric ozone variation. Instead, OMI PROFOZ has some AKSs in the upper troposphere, which
are not much found in the MLS and OMPS data; OMPS only has AKs in the stratosphere, in particular.
For the research about the ozone profile near the tropopause, therefore the usage of nadir-viewing ozone
profile can be considered in spite of relatively lower AKs.

For more general evaluation, we compare ozone profiles of OMI PROFOZ, OMPS, and MLS
against ozonesonde ozone profiles for the longer period from 2015 to 2018. Still the austral spring
(September to December) is the target period (related to the ozone hole occurrence). Figure 8 indicates
the annual pattern of absolute mean difference between the satellite and smoothing ozonesonde profile
(Xsat — Xsmooth) for OMI PROFOZ, MLS, and OMPS data. While MLS and OMPS data show consistent
pattern of Xsat — Xsmooth, Xsat — Xsmooth Of OMI PROFOZ data show a larger annual variation. Ozone
profiles of OMI PROFOZ in 2016 and 2017 have larger absolute difference than those in 2015 and 2018,
which can be demonstrated by the horizontal traveling distance of ozonesonde measurement as shown
in Fig. 2. Ozonesonde measurements in September and October 2016 and 2017 illustrate longer zonal
and meridional travels (Fig. 2), meaning that the nadir-viewing ozone profiles over a specific pixel area
can have large deviation from the ozonesonde profiles collected from wider area. Different from the
nadir-viewing satellite, limb-viewing measurements technically provide ozone profile over broader area,
therefore annual variation is not much found with MLS and OMPS ozone profiles. Between MLS and
OMPS, MLS measurements tend to show higher ozone than ozonesonde measurements in altitudes >
20 km; Xsat — Xsmooth €an be ~1 ppm at maximum. This comparison means that the OMPS ozone profile
relatively captures ozonesonde profile well. Nonetheless, 4-year mean pattern looks similar for all three
satellite ozone profiles.

Since the ozone mixing ratio is much larger in the ozone layer staying > ~20 km, absolute mean

difference can be larger naturally in the stratosphere. Thus, we also evaluate the satellite ozone profiles



©CO~NOOOTA~AWNPE

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

using the relative difference value, which is the MREs calculated from the Equation (2). As shown in
Fig. 8, MREsa values are mostly in the range from about -20 to 30%. Although there is a large exception
(MREs of OMI PROFOZ is > 60% at 15 km), this relative difference looks not bad in general compared

to previous works. For example, Huang et al. (2017), which used exactly same method for the MREa

calculation, showed MREs; from -30 to 20 % in the Antarctic region (60 to 90 °S). Quantitative

comparison based on other previous references is not perfectly possible because of the different
calculation of relative biases and the difference of target area and time period, but findings from other
comparison studies between satellite and ozonesonde ozone profile in the Antarctic region also look
similar to our results (Gazeaux et al., 2013, Sepulveda et al., 2021). Consequently, this study about the
comparison between satellite and ozonesonde ozone profile at the Jang Bogo station confirms that the
quality of satellite ozone profiles is also valid in the eastern Antarctica where the validation with
ozonesonde was rarely performed.

Several technical issues have been reported for the factors to induce the biases of satellite ozone
profile: inherent reduction in retrieval sensitivity to lower altitudes at larger solar zenith angles as a
result of reduced photon penetration into the atmosphere (Huang et al., 2017), unrealized retrieval
sensitivity arising from interferences by surface albedo (Liu et al., 2010), or unexpected thermal
sensitivity of the instrument (Kramarova et al., 2018). But the property of a priori ozone profile is
usually considered to evaluate the quality of satellite ozone profiles. Thus, we also investigate the
MRE.aprioi calculated from the Equation (3), which is the relative difference between a priori ozone
profile used in the satellite ozone retrieval algorithm and smoothing ozonesonde profiles. As a result,
we find that MREagriori Values of OMI PROFOZ data are in the range from about -30 to 30 %, while
MREapriori Values of MLS and OMPS reach about -70 % at maximum (Fig. 10). This feature means that
a priori ozone profile was well assumed in the OMI PROFOZ retrieval algorithm. We found above that
the quality of OMI PROFOZ ozone profile is not the best but comparable to that of MLS and OMPS

ozone profile. Considering the nadir-viewing ozone profile usually has less observation sensitivity as
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shown by lower AKs (Fig. 7), the moderate performance of OMI PROFOZ ozone profile may be
attributed to the high agreement of a priori ozone profile to the general pattern of Antarctic ozone profile.
This feature is probably a coincidence, but well represents the importance of a priori information in the

satellite ozone retrieval.

5. Summary and conclusion.

Using ozonesonde measurement at the Jang Bogo station, this study performed the validation of
ozone profiles retrieved from the three satellite measurements that have been widely used: OMI, MLS,
and OMPS. Since satellite ozone profile was rarely validated with in-situ 0zone measurements in polar
regions, the officially first usage of ozonesonde data at this site will be very informative to the scientists
when they need to use satellite ozone dataset for the analysis of polar atmospheric environment and
climate pattern. Also, a number of previous satellite ozone profiles were usually validated based on a
single satellite product, evaluating the performance of multiple satellite ozone profile can provide the
idea about the judicious usage of various satellite 0zone products, particularly about the simultaneous
consideration of ozone profiles from both nadir- and limb-viewing measurements.

As a result, we confirmed that all three satellite products moderately captures the stratospheric
ozone profile from ozonesonde measurements in the Jang Bogo station, while satellite ozone profiles
have a little higher value. Compared to the ozonesonde profile, satellite ozone profiles show absolutely
~1 ppm and relatively about -20 to 30 % at maximum, which is similar to the result of some previous
studies. We also confirmed that a priori ozone information plays a significant role for the retrieval of
qualified ozone profile from the satellite measurements. Although the nadir-viewing satellite generally
has lower quality of ozone profile due to the lower AKs than the limb-viewing satellite technique, the
quality of OMI PROFOZ ozone profile in this study looks comparable to MLS and OMPS ozone
profiles in terms of long-term average pattern. Since the total ozone column from OMI measurements

have been widely examined, it seems useful to use the OMI PROFOZ ozone profile if possible. Still the
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usage of limb-viewing MLS or OMPS ozone profile can guarantee more accurate analyses (e.g., OMI
PROFOZ has a large inter-annual variation as shown in Fig. 8), but our study can suggest the
simultaneous usage of multiple satellite ozone profiles, enabling us to have more reliable average
pattern, and more abundant data coverage (e.g., nadir-viewing satellites also provides the ozone profile
in the troposphere).

Antarctic stratospheric ozone has been monitored for a long time in terms of the ozone hole events
inducing the increase of dangerous ultraviolet radiation from the space. Fortunately, this issue has been
resolved by the global efforts and now the Antarctic ozone shows the recovery signal (Solomon et al.,
2016). But the importance of Antarctic ozone study is still valid. At this present moment, Antarctic
ozone variation is considered to figure out the pattern of climate variability in the Antarctic area, and
its influence to the regional environment (Son et al., 2009; Thompson et al., 2011). Owing to deficient
measurements in the Antarctic area, however, the measurement-based analysis of ozone-climate
connection was spatially limited much, ozone profiles in particular. Since stratosphere-troposphere
exchange of ozone is a representative feature related to the ozone-climate connection (Thompson et al.,
2011), the investigation of ozone profile should be more facilitated. We will more focus on the judicious

usage of satellite ozone profile, which still includes some uncertainties, but becomes more qualified.
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Table 1. Specification of satellite ozone profile data used in this paper.

Instrument OoMI MLS OMPS LP
Nadir-viewing Limb-viewing Limb-viewing
Principle backscatter thermal backscatter
emission
Satellite Aura Aura Suomi-NPP
Product name PROFOZ ML203 OMPS-NPP LP
Wavelengths 600 nm combined
used in the 270-330 nm 240 GHz with 510 nm and
ozone retrieval 675 nm (VIS)
Algorithm version 3.0* . 3 : .
version version 0.9.32 version 4.2 version 2.5
MOZART McPeters and
Ozone a priori McPeters et al. (2007) model-based Labow (2014)
climatology
Altitude valid Surface-65 km 261.0-0.02 hPa | 12.5-33.5 km
range
Spatial
resolution 13 km x 48 km (at 165 km x 3
(along track x nadir) km 125 km x 2 km
across track)
Horizontal 15 orbits per | 14.5 orbits per
1 day
coverage day day
Vertical
resolution 2-3km 3-6km 1.8 km
. Livesey et al., Kramarova et
Reference Liuetal., (2010) (2015) al., (2018)
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Figure 1. Map of Antarctica. The yellow triangle indicates the geographical locations of the Jang

Bogo station.
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Figure 9. Vertical profile of 4-year mean MREs, values using the Equation (2) for OMI PROFOZ
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