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11  Abstract. This study describes a retrieval algorithm combining wavelength pairing and the multiplicative algebraic
12 reconstruction technique (MART) to process Ozone Mapping and Profiler Suite (OMPS) limb observations for vertical
13 ozone profiles. The retrieval algorithm employs scattered solar radiance measurements from the OMPS limb profiler,
14  focusing on the visible spectral range, normalizes this radiance to that at the upper tangent height, and retrieves ozone
15  concentrations between 12-40 km (~1 km vertical resolution). Additionally, it enables the identification of
16 cloud-contaminated measurements at specific altitudes within the instrument's field of view. The retrieval error in the
17 upper troposphere attributed to the prior profile is estimated to be 10-25%, while a 30% uncertainty in the aerosol
18 extinction coefficient causes ~5% error at 15-25 km. OMPS data spanning the entire year of 2021 are processed, and the
19 results are evaluated through comparisons with multiple independent datasets, including NASA official products, passive
20  satellite observations, and in-situ measurements from balloon-borne ozonesondes. At 17-36 km, deviations from
21 OMPS/LP v2.6 data are <5%; at 18-35 km, consistency with Microwave Limb Sounder (MLS) v5.0 data ranges from 5—
22 10%; at 2035 km, most deviations from OSIRIS v7.3 data are <5% (except near 23 km). Comparisons with ozonesonde
23 measurements reveal that differences in the 13-30 km range over northern mid-to-high latitudes are mostly <10% (with
24 10-15% differences at 22-25 km in polar regions). Over southern mid-latitudes, the consistency within the same altitude
25 range is 2-10%. Notably, deviations between the retrieved profiles and comparison products increase significantly in
26 low-altitude tropical regions.

27 1 Introduction

28 Stratospheric ozone forms a natural barrier protecting life on Earth by absorbing solar ultraviolet (UV) radiation
29 (Arosio et al., 2018). Additionally, as a key greenhouse gas, it participates in the absorption and emission of infrared
30 radiation in the stratosphere, playing a crucial role in regulating Earth's energy balance and stabilizing the climate system
31 (Li et al., 2023). Dynamic changes in stratospheric 0zone concentrations not only directly reflect the emission fluxes and
32 chemical reaction processes of various atmospheric substances, but also serve as an important indicator for assessing the
33 impact of human activities on the atmospheric environment (Young et al., 2021; Chipperfield and Bekki, 2024). Since
34 the identification of the Antarctic ozone hole in the 1980s, research on the evolution patterns and driving mechanisms of
35 stratospheric ozone concentration has remained a core topic in atmospheric science, attracting global research efforts to
36 continuously explore its variation mechanisms and ecological effects.

37 High-precision retrieval of stratospheric ozone vertical profiles is a core requirement for advancing stratospheric
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38  ozone research and establishing long-term essential climate variable datasets (Jia et al., 2015). To this end, multi-platform
39 monitoring technologies—including ground-based, balloon-borne, airborne, and satellite-based instruments—have been
40  widely applied over recent decades. Among these, satellite observations are categorized by detection modes into nadir,
41 occultation, and limb observations. Nadir-viewing instruments, which detect downward, offer excellent horizontal
42 coverage, with typical examples including the Ozone Monitoring Suite—-Nadir (OMS-N) aboard Fengyun-3F
43 (NSMC,2025), the Ozone Monitoring Instrument (OMI) aboard Aura(Veefkind et al., 2006), and the Environmental
44 Monitoring Instrument (EMI) onboard the hyperspectral observation satellite GeoFen-5 (Qian et al., 2024). Occultation
45 instruments, which directly view the solar disk, are represented by the Stratospheric Aerosol and Gas Experiment (SAGE
46 1) (Cisewski et al., 2014), Atmospheric Chemistry Experiment (ACE) (Bernath et al., 2005), and Global Ozone
47 Monitoring by Occultation of Stars (GOMOS) (Bertaux et al., 2010), featuring high vertical resolution and strong signal
48 strengths. Limb scattering/emission observations combine the advantages of the aforementioned two modes, boasting
49 high sensitivity, favorable vertical resolution, and high spatial sampling rates, such as the Microwave Limb Sounder
50 (MLS) (Waters et al., 2006), SCanning Imaging Absorption spectroMeter for Atmospheric CartograpHY (SCIAMACHY)
51 (Burrows et al., 1995), and Optical Spectrograph and InfraRed Imager System (OSIRIS) (Llewellyn et al., 2004). The
52 Ozone Mapping and Profiler Suite (OMPS), a passive imaging spectrometer employed in this study, is onboard the
53  Suomi-National Polar-orbiting Partnership (SNPP) satellite (Jaross et al., 2014). Its limb profiler (OMPS/LP) enables
54 accurate retrieval of stratospheric ozone vertical profiles via limb observation mode. Since 2012, the NASA team has
55  successively developed and released four versions of the ozone LP retrieval algorithm for OMPS limb observation data
56  (the first version was released with operations (Rault et al,2013), the second version in 2014 (Xu et al.,2014), version 2.5
57 in 2017 (DeLand et al., 2017), and version 2.6 in 2023(Kramarova, 2023)). The University of Bremen has also applied its
58  self-developed retrieval algorithm to OMPS/LP measurements (Arosio et al., 2018). In addition, another approach to
59 processing OMPS/LP data employs a 2-D geometry retrieval method, as demonstrated in the work conducted at the
60  University of Saskatchewan (Flynn et al., 2014).

61 This study focuses on ozone profile retrieval from OMPS/LP observation data, employing a retrieval algorithm
62 based on wavelength pairing and the multiplicative algebraic reconstruction technique (MART). The algorithm is derived
63 from the OSIRIS ozone profile retrieval scheme developed by the University of Saskatchewan. However, given the
64  significant differences between OMPS/LP and OSIRIS in measurement technologies—including spectral resolution,
65 spectral channels, wavelength range, atmospheric sampling, and radiance acquisition—this study has performed targeted
66  optimizations and innovations on the algorithm, with entirely new developments in radiative transfer model construction,
67 selection of retrieval spectra, and application of atmospheric parameter databases.

68 The research aims to verify the effectiveness of the wavelength pairing and MART algorithm in retrieving
69 OMPS/LP ozone profiles, laying a theoretical and technical foundation for integrating OMPS/LP and OSIRIS data to
70  construct long-term continuous datasets. The structure of this paper is as follows: Section 2 details the characteristics of
71 the OMPS instrument, discussing its observational geometric principles and key issues in L1 data calibration. Section 3
72 systematically elaborates on the retrieval algorithm, including its core framework, application strategy of cloud filters,
73 and parameter setting methods for the radiative transfer model. Section 4 conducts multi-dimensional validation and
74  statistical analysis of the retrievals in this study, combined with NASA ozone profile products, MLS, OSIRIS, and
75 ozonesonde datasets. Finally, the main results, key findings are summarized, and potential directions for future algorithm
76 improvement are outlined in the conclusions.
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77 2 OMPS/LP Ozone Retrieval

78 2.1 OMPS/LP instrument

79 The OMPS instrument was successfully launched aboard the SNPP satellite on October 28, 2011(Zhu et al., 2025).
80  The satellite operates in a sun-synchronous polar orbit at an average altitude of 833 km with a 13:30 local time ascending
81 node, commencing routine scientific observations in early 2012 (Kramarova et al., 2022). The OMPS suite integrates
82 three distinct sensors: the Nadir Mapper (NM), Nadir Profiler (NP), and Limb Profiler (LP) (Arosio et al., 2018). Among
83  them, OMPS/LP is centrally aimed at retrieving the vertical distribution of ozone in the Earth's middle atmosphere with
84 high precision, employing a limb observation mode to sound the atmosphere by scanning the edge of the Earth's
85  atmosphere. During a limb observation, the sensor's line-of-sight intersects the Earth's surface at a specific location,
86  which is termed the tangent point (TP). The vertical distance from this point to the Earth's geoid is referred to as the
87  tangent height (TH). The fundamental geometry of this observation mode is depicted in Fig. 1a.

88 The spectral coverage of OMPS/LP ranges from 290 nm to 1000 nm, with spectral resolution varying by
89  wavelength—reaching 1.5 nm at the short-wavelength end and 40 nm at the longer-wavelength end (Kramarova et al.,
90  2014). Equipped with a charge-coupled device (CCD), the instrument can simultaneously observe scattered solar
91 radiation across the full spectral range at altitudes from 0 to 100 km. Each detector pixel possesses an instantaneous
92 vertical field of view of approximately 1.5 km. This configuration enables a high-precision vertical sampling resolution
93 of 1 km at the tangent point. (Jaross et al., 2014). To expand cross-track coverage, OMPS/LP is configured with three
94  observation slits horizontally spaced by 4.25<(approximately 250 km), whose observational geometry and field-of-view
95 characteristics are illustrated in Fig. 1b. Each slit has a 1.85<vertical field of view (FOV), corresponding to a 110 km
96  vertical observation range at the TP. This study focuses on measurement data from the central slit, which is aligned with
97 the satellite's ground track. The SNPP satellite operates in 14 orbits daily, with OMPS/LP completing approximately
98  160-180 measurements per orbit (at a latitudinal sampling interval of ~1). LP can achieve global coverage every 3-4
99 days (Kramarova et al., 2024).
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102 Figure 1. (a) Schematic of the satellite limb observation geometry, indicating the key parameters of tangent point (TP) and tangent

103 height (TH) (SS: single scattering, AS: albedo scattering, MS: multiple scattering, SZA: solar zenith angle) (adapted from Arosio et al.,
104 2018); (b) Schematic diagram of OMPS observation geometry and field-of-view characteristics (Kramarova et al., 2018).
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105 2.2 OMPS LP L1 calibration

106 Radiometric errors and sensor pointing errors (primarily involving altitude registration errors) are the two main
107  error sources affecting the accuracy of ozone profile retrieval via limb scattering techniques (Kramarova et al., 2024). In
108 this section, we describe the instrument calibration in OMPS/LP L1G v2.6 processing.

109 Sensor pointing information is primarily acquired via the dual star trackers in the SNPP spacecraft's attitude
110  determination system. However, misalignment between the attitude control frame and the fuselage frame, as well as
111 thermally induced deformation of LP optical components, can lead to significant pointing offsets. To address this,
112 multi-point corrections are implemented in L1G data processing following the method by Moy et al. (2017). The v2.6
113 version employs three types of corrections: static, intra-orbit, and time-dependent. The static correction for the central slit
114 is 1.58 km. Intra-orbit corrections are based on the absolute radiometric residual method (ARRM) with linear
115 adjustments along the south-north direction of the orbit; time-dependent corrections apply a uniform offset of +0.1 km.
116 Two-dimensional CCD detectors are susceptible to interference from internally scattered stray light, causing
117 photons from intense light regions in the scene to scatter into weak signal areas. Jaross et al. (2014) proposed a stray light
118 (SL) correction scheme based on pre-launch point spread function (PSF) measurements. The version 2.6 increases the
119 intensity of the PSF tail in the UV and VIS/NIR bands by approximately 12%, correcting the bias in estimating stray light
120 photons at high altitudes (Kramarova et al., 2024). In the VIS/NIR wavelengths, the central slit of the LP also
121 incorporates a correction factor of 1.5 to account for in-band scattering, which may result from particle contamination on
122 the primary telescope mirror. Additionally, although thermally induced changes in the optical pointing of the
123 spectrometer can cause wavelength shifts at the center of the pixel band, this shift has a low correlation with altitude, and
124 its impact on height-normalized measurements in ozone retrieval is negligible.

125 3 Retrieval method

126 3.1 Retrieval vector

127 The retrieval method for vertical ozone concentration distributions based on OMPS/LP measurements in this study
128  draws on the technical framework developed by Zhu et al.(2021), who derived ozone number density profiles using
129 SCIAMACHY limb scattering measurements in the Chappuis—Wulf band. It shares similar methodological principles
130  with the approaches proposed by Roth et al. (2007) and Degenstein et al. (2009), all of which employ retrieval vectors
131 positively correlated with 0zone concentrations for calculations.

132 The first step in the retrieval process involves normalizing the limb radiance at selected wavelengths. This
133 operation entails normalizing the limb radiance at each wavelength to a reference TH, which effectively eliminates
134 interference from the solar Fraunhofer structure, weakens the impact of surface reflection, and simultaneously achieves
135 instrument self-calibration (Jia et al., 2015).

136 I,o,(A, H) =14, H)/I(A, Heet) D)

137  where, H denotes the TH, and A represents the wavelength. I(4, H..¢) and I,,.(4, H) refer to the radiance at the
138  reference TH and the normalized radiance, respectively. The reference TH is an upper altitude where ozone sensitivity is
139 low; in this study, it is selected as 40.5 km (i.e., the reference TH above the maximum retrieval altitude). Although
140 radiance normalization cannot completely eliminate the influence of surface reflection, it significantly reduces the
141 requirements for modeling accuracy (Flittner et al., 2000). To mitigate the effect of aerosol scattering, the Chappuis
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142 triplet vector (CTV) method proposed by Degenstein et al. (2009) is employed for wavelength pairing. In the
143 Chappuis-Wulf band, the CTV is defined as the difference between the logarithmic average of normalized radiances at
144  two weakly ozone-absorbing wavelengths and the logarithm of the normalized radiance at a wavelength near the ozone
145  absorption peak, thereby enhancing the specificity of the retrieval signal. It is expressed as:

nor(Aref1,J) Inor(Aref2.J
146 yj=1n(\/’°“ 1)) Inor (Arefz 1) 2)

’nor(lp:]')

147 where, j denotes the index of the TH measured by the instrument, and y; represents the retrieval vector after
148  wavelength pairing at the j™ of TH. Are, Arerz, and A, correspond to the weakly ozone-absorbing reference
149 wavelengths and the strongly absorbing peak wavelength, respectively. In this study, referencing the wavelength system
150 by Kramarova et al. (2024) and the selection criteria by Zhu et al. (2021), A.ef; iS setto 512 nm, A.., to 606.3 nm, and
151 Ap 10 675.5 nm. The paired measurement vectors maintain high sensitivity to ozone concentration.

152 The CTVs and retrieved ozone profiles across different latitudes (Fig. 2) indicates that the values of CTV are highly
153 correlated with the spatiotemporal distribution of ozone concentrations. The CTV peak in tropical regions occurs at a
154  higher altitude than in mid-to-high latitudes, and the peak altitude decreases progressively with increasing latitude. The
155 distribution range of CTV in polar regions expands synchronously with changes in ozone concentration. Additionally,
156  CTV values near zero above 35 km exhibit insufficient sensitivity to ozone responses, resulting in poor performance in
157 practical retrieval. Furthermore, CTV values above 40 km are negative and cannot be used for retrieval.
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160 Figure 2. Samples of CTV and ozone profiles at different latitudes from orbit 51220 on September 15, 2021. (a) CTVs; (b)
161 Retrieval ozone profiles.

162 Aerosols, as suspended particles capable of absorbing and scattering light, have sources including both natural and

163 anthropogenic factors. Stratospheric aerosols mainly originate from SO, HCI released by volcanic eruptions, naturally
164 generated OCS, and pollutants such as SO: from industrial emissions (Li et al., 2023). The presence of aerosols enhances
165  the intensity of atmospheric scattered light, with the relative increment of red waves in the spectrum being higher than
166  that of blue waves. Based on the SCIATRAN model (radiative TRANsfer model for SCIAMACHY), this study
167  conducted simulation experiments on aerosol extinction coefficients to explore their impacts on radiance and CTV.

168 Fig. 3 shows the effects of aerosol extinction profiles with different multiples on radiance and CTV. When the
169  aerosol profile varies within the range of 0.1-10 times the standard value, the radiance profile is positively correlated with
170  the aerosol extinction coefficient, while CTV decreases as the extinction coefficient increases, with the impact mainly
171 concentrated below 40 km. For instance, when the aerosol extinction profile doubles, the radiance value at 21 km
172 increases by 27%, while CTV decreases by only 5%. It indicates that wavelength pairing can weaken the aerosol
173 scattering effect but cannot completely eliminate it. In addition, the study found that both radiance errors and CTV errors
174 increase with an increase in SZA.
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177 Figure 3. Variations in radiance and CTV with aerosol extinction coefficients of different multiples. (a) Relative

178  radiance error; (b) Relative CTV error.
179 3.2 Multiplicative algebraic relaxation technology

180 Given the nonlinear nature of the retrieval problem, this study employs an iterative method for solution and selects
181 the multiplicative algebraic reconstruction technique (MART) to perform ozone profile retrieval. As an improved
182  algorithm of nonlinear relaxation techniques, MART has a main advantage in that it can utilize multiple sets of
183 measurement vectors to realize the retrieval of atmospheric state parameters at any altitude (Roth et al., 2007). During the
184 iteration process, the update of atmospheric states at each altitude depends on a multiplicative factor, which is obtained
185 by weighted averaging the ratios of all valid observation vectors to simulation vectors. The general formula of the MART
186 algorithm is as follows:

yl_)bS
187 0= x5, (Lmw,) @
J

188  where, xi(")denotes the ozone number density at atmospheric height i during the n™ iteration; y,’-’bS and y}“"d
189 represent the observation vector and simulation vector processed via Equations (1) and (2), respectively, where y™°d s
190 generated by the radiative transfer model based on the ozone profile x™ obtained from the n™ iteration; Wj; is the
191 line-of-sight weight factor, indicating the influence weight of the /" TH or line of sight on atmospheric height i. At each
192 altitude, ; Wj; = 1. The value of W}; in this study follows the setting in Zhu et al., (2021).

193 3.3 Cloud filter

194 A critical step in the OMPS/LP ozone profile retrieval is to define the lower boundary by determining cloud top
195 height. This is accomplished using a cloud detection method, modified from Chen et al. (2016), which leverages the
196  spectral contrast in radiance between red and near-infrared bands. The method quantifies this contrast by computing the
197 change in the vertical radiance gradient between two selected wavelengths. The underlying premise of the gradient-based
198 cloud detection algorithm is that clouds generate a significantly larger radiance gradient compared to aerosols. This
199 gradient is quantitatively defined as the rate of change of radiance with respect to TH:

200 G(A,H) =0Inl(4,H)/0H 4
201 As shown in Fig. 4a, the variation characteristics of radiance gradient with wavelength in the 500-900 nm provide a
202 basis for determining cloud top height. In cloud-free conditions, the radiance intensity varies slightly with wavelength;
203 whereas in the presence of clouds, the wavelength dependence of radiance is significantly stronger than that of aerosols.
204  Based on this, in this study, the cloud top height is determined by calculating the spectral gradient difference, with the
205  formula as follows:
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206  InR(H) = [6(As, H) — G(A, H)] (5)
207 where, As and 4; denote the short wavelength and long wavelength, respectively. In this study, A is setto 674 nm, and
208 A is set to 868 nm. The positive cloud detection threshold for LP data is 1.5, which is also applicable to the detection of
209 polar mesospheric clouds (PMCs). Taking the SNPP satellite orbit 51220 on September 15, 2021 as an example (Fig.4b),
210  the characteristics of InR profiles differ significantly between two cloudy events and one cloud-free event: the
211 maximum value of InR in the cloud-free event is below 1.5, while that in the cloudy events is above this threshold, and
212 the TH corresponding to the maximum InR value is the cloud top height. During the ozone retrieval process, the
213 multiplication factor of the ozone profile below the cloud top height remains unchanged.
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216 Figure 4. Radiance gradient G(A, H) and gradient difference InR during orbit 51220 on September 15, 2021. (a) Radiance gradient
217 G(A, H) spectrum at 3N under different atmospheric conditions: clear sky (blue), cloud (red), and aerosol (green); (b) Radiance
218 gradient difference InR derived from OMPS/LP measurements for three equatorial events, showing the cloud detection results. The
219 black dashed line represents the threshold employed for cloud identification.

220 3.4 Implementation details

221 In this study, the SCIATRAN v2.2 toolbox (Rozanov et al., 2017) is employed as the forward modeling to calculate
222 the simulated radiances required for ozone concentration retrieval. The observed and simulated radiances are processed
223 through normalization and wavelength pairing to form retrieval vectors, which serve as inputs to the MART algorithm to
224 drive the iterative update of ozone profiles.

225 The radiative transfer solution in the forward model is based on the discrete ordinate method applied to a spherical
226  atmosphere. The solution incorporates the effects of multiple scattering and refraction while explicitly omitting
227 polarization. Radiance calculations in the model are focused solely on 0zone, an absorbing gas, with the 0zone absorption
228 cross-sections referenced from the research results of Bogumil et al. (2000). The pressure and temperature profiles used
229 in this study were obtained from the Global Modeling and Assimilation Office (GMAO) interpolated dataset. These
230 meteorological data are incorporated in the OMPS/LP L1G dataset provided by NASA (NASA, 2025a). In addition, the
231 model sets the stratospheric background aerosol type as LOWTRAN (Kneizys, 1986), the boundary layer humidity as
232 80%, and the boundary layer aerosol type as marine. The vertical resolution of the ozone profile retrieval is
233 fundamentally constrained by the native resolution of the input data. Given that the OMPS/LP L1G data are provided on
234 a fixed 1 km TH grid, the resulting profiles consequently exhibit a vertical resolution of 1 km. The prior profiles are from
235  SCIATRAN's built-in database. These profiles are provided by McLinden climatology (C. McLinden, Meteorological
236  Service of Canada, personal communication) and include monthly and latitude-dependent vertical distributions of volume
237 mixing ratios for Os, NO2, BrO, and OCIO, as well as pressure and temperature in the 0 to 100 km altitude range. The
238  volume mixing ratio of ozone can be converted to 0zone number density based on temperature and pressure.
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239 4 Results

240 This section presents the processing results derived from the full year of 2021 OMPS-LP data. We utilized the L1G
241  v2.6 dataset (Jaross, 2023), which incorporates enhanced stray light correction and pointing accuracy as detailed in
242 Section 2.2. The analysis is based exclusively on measurements from the instrument's central slit.

243 4.1 Error analysis

244 In the field of error research on limb-scattering ozone retrieval, there is a wealth of academic achievements. Zhu et
245 al. (2022) used numerical perturbation technology to conduct formal error analysis on the retrieval method of the
246  weighted multiplicative algebraic reconstruction technique, accurately quantifying ozone retrieval errors at different
247 altitudes. Arosio et al. (2022) systematically evaluated random errors and systematic errors for stratospheric ozone profile
248  retrieval based on DOAS and OE algorithms. These research results provide important references for the error analysis of
249 MART retrieval algorithm, and the error estimation results of this study are consistent with those in Arosio et al. (2022)
250  and Zhu et al. (2022).

251 To ensure data quality, radiance measurements contaminated by clouds were systematically excluded during
252 retrieval. Furthermore, the scene reflectance was determined directly from OMPS/LP radiance measurements at 675 nm.
253  The corrected THs in NASA L1G data are adopted. Therefore, the estimation of the total retrieval error of ozone profiles
254  focuses on such factors as prior profiles, aerosols extinction profile, ozone absorption cross-sections, and measurement
255 noise.

256 Understanding the impact of the initial ozone profile on retrieval results is crucial. In this study, the prior average
257 kernel matrix A, is used to quantify the sensitivity of retrieval to the prior, and its expression is as follows:

258 A, =2 )

dxg

259 where x, and X represent the initial ozone profile and the retrieved ozone profile, respectively. To calculate the column
260  vectors of A, the ozone concentration at a single altitude was perturbed in x, by 5% and analyzes the corresponding
261 changes in X. A, is a dimensionless matrix, whose characteristics can intuitively reflect the impact of changes in the
262 prior profile on the retrievals.

263 Fig. 5a illustrates the distribution of the prior average kernel matrix (A,) column vectors across the 12-40 km
264  altitude range, with each curve plotted at a vertical resolution of 2 km. It indicates that at the lower boundary of retrieval,
265 perturbations in the prior profile hardly induce significant responses in the retrieval results. Fig. 5b compares the relative
266  retrieval errors under the conditions of prior profiles at low latitudes (5.5<5) and mid-latitudes (45<N), and it is found that
267 the errors increase significantly at the lower boundary of retrieval, which is consistent with the analysis results of A,.
268  The prior errors of retrieved ozone profiles above 20 km have weak correlation with latitude, and the errors remain at 1-2%
269 in the altitude range of 20-40 km; while at lower altitudes, especially in tropical and mid-Ilatitude regions, the relative
270  errors can reach 10-25% due to the rapid decrease of ozone concentration and the reduction of retrieval accuracy.
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Figure 5. Examples of A, (plotted every 2 km) and theoretical accuracy of prior profiles. (a) Distribution of A, for
measurements at 2.25; (b) Variation of retrieval errors of prior profiles in mid-latitudes and low latitudes with latitude (orbit 51220 on
September 15, 2021).

The uncertainty of stratospheric aerosol extinction coefficients requires consideration. Studies have demonstrated
that retrieved aerosol extinction profiles exhibit an average upper error bound of approximately 30% in the lower
stratosphere (Arosio et al., 2022). Fig. 6a illustrates the distribution characteristics of ozone retrieval errors with latitude
and altitude under a 30% uncertainty in aerosol extinction coefficients. It is evident that retrieval errors induced by
variations in aerosol extinction coefficients are predominantly distributed within the 15-25 km altitude range, with a
magnitude of approximately 5%, and errors in the southern high latitudes are more pronounced. Within the 25-30 km
range, the error is around 2%, while above 30 km, it is less than 1%. Below 15 km, errors vary with latitude, mostly
falling within the range of #2%.

Since ozone absorption cross-sections depend solely on temperature rather than pressure, it is necessary to
investigate the impact of the temperature sensitivity of absorption cross-sections on ozone profile retrieval. Fig. 6b
depicts the relative retrieval errors attributable to the difference between ozone absorption cross-sections at 243 K and
223 K, revealing that a 20 K temperature difference induces errors below 0.6% at all latitudes and altitudes. The most
significant errors, though still minimal, are confined to altitudes below 18 km in tropical regions. A 1% perturbation was
added to the retrieval vector to simulate measurement noise, and the resulting relative errors in ozone retrieval were
calculated. As shown in Fig. 6c, retrieval errors caused by measurement noise do not exceed +2% across all latitudes and
altitudes; errors above 20 km are independent of latitude, while negative errors below 20 km are largest in tropical
regions and decrease with increasing latitude.

P

Altitude (k)

(a) (b ()
Figure 6. Distribution of relative errors in ozone retrieval with latitude and altitude. (a) Aerosol extinction coefficients; (b) Ozone
absorption cross-sections; (c) Measurement noise.
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297 4.2 Comparison with NASA OMPS-LP ozone product

298 The OMPS/LP v2.6 ozone profile retrieval algorithm developed by the NASA team is built on wavelength pairing
299 and an optimal estimation with prior constraints (Kramarova and Deland, 2023). This algorithm operates on combined
300  UV-Vis measurement data from 12.5 km (or cloud top) to 57.5 km, producing a single ozone profile from each retrieval.
301 The measurement vectors are obtained via doublet and triplet methods, with specific parameters detailed in Table 1.
302 During algorithm implementation, retrieved surface albedo, cloud top height, and corrected TH are integrated. In forward
303 model, aerosol extinction coefficients retrieved from OMPS/LP measured data.

304 Table 1. Parameters used in the OMPS/LP v2.6 ozone algorithm, according to Kramarova and Deland, (2023).

Parameters Values
295, 302, 306, 312, 317, 322, 353

Wavelength used in UV (nm)

Wavelength used in Vis (nm) 510, 606, 675
Normalization Altitude in UV (km) 60.5 km
Normalization Altitude in Vis (km) 40.5 km
305 Fig. 7 shows a comparison between the retrievals of this study and those of OMPS/LP v2.6, involving

306  approximately 770,000 profiles. Among them, Fig. 7a presents an example of number density for the annual average
307 profile, and Fig. 7b shows the relative differences of the annual data. In this study, the relative difference is calculated as
308  follows:

. = 20sret=[0sRer) 9
309 Edlf ([03]Ret+[03]Ref) * 100% (7)

310  where [O3]ger denotes the ozone profile retrieved in this study, and [O3]ger represents the reference ozone profile
311 product.

312 As presented in Fig. 7b, the ozone concentrations from our retrieval systematically exceed those of the OMPS/LP
313 v2.6 product at altitudes below 19 km and above 35 km. The positive deviation increases with decreasing altitude,
314  reaching a maximum of approximately 10-24% at the upper and lower boundaries of retrieval. The ozone concentration
315 is slightly lower between 20 and 28 km, with a deviation within 3%. There is an inherent negative deviation of about —6%
316  around ~33 km. Overall, the deviation between 17 and 36 km is controlled within 5%.

317 Fig. 8 shows the comparison between the retrievals of this study and OMPS/LP v2.6 in tropical regions and
318  southern, northern mid-high latitudes. In the tropical region within the 18-36 km altitude range, the deviation is within
319 5%, showing good consistency. In the northern mid-latitude region, the difference between 12 and 32 km reaches 8%,
320 and the difference above 32 km is as high as 8-13%, with similar deviations in the Arctic region. In the southern
321 mid-high latitudes, most of the deviations above 18 km are less than 3%, but there is a positive deviation of up to 19%
322 near 15 km. In the Antarctic region, this positive deviation extends to around 18 km, approximately 10%.

323 The two profiles differ significantly in the upper troposphere and lower stratosphere (UTLS) region, especially in
324  the tropical region, mainly due to the extremely low ozone concentration at this altitude in low latitudes. The large
325 positive deviation at the upper boundary of retrieval may be caused by the decreased ability of the visible spectrum to
326 retrieve ozone at high altitudes, while the NASA product uses combined ultraviolet and visible spectrum information for
327 retrieval at this altitude. Although there are differences between the retrievals of this study and the OMPS/LP v2.6
328 product in terms of ozone absorption cross-sections, prior profiles, aerosol settings, retrieval algorithms, and spectra, the
329 overall consistency is high.
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332 Figure 7. (a) Annual mean ozone number density profiles from this study and the OMPS/LP v2.6 product, with shaded areas
333 indicating the standard deviation. (b) The corresponding annual mean relative differences, with the standard deviation shown as a

334 dashed line.
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337 Figure 8. (a, b) Annual mean ozone number density profiles from this study and OMPS/LP v2.6 for the tropics and Antarctic,

338 respectively. (c) Zonal mean relative differences across five latitudinal bands (60 290N, 40=-60N, 20<5-20N, 602405, 90=60°S);

339 standard deviations are shown as shaded areas.

340 4.3 Comparison with MLS

341 The Earth Observing System-Microwave Limb Sounder (EOS-MLS) aboard the Aura satellite was successfully
342 launched on July 15, 2004 (Waters et al., 2006). The satellite operates along 14 orbits daily, achieving global coverage
343 between 825 and 82N. The MLS obtained vertical ozone profiles from the upper troposphere to the middle atmosphere
344  using the 240 GHz frequency band by detecting naturally emitted microwave thermal radiation from the Earth's
345 atmospheric limb measurements. Detailed descriptions can be found by Waters et al. (2006).

346 For validation purposes, this study employs the latest MLS L2 version 5.0 data product (Schwartz et al., 2020), with
347 data filtering applied in accordance with the protocols recommended by Livesey et al. (2022). To ensure collocation
348  quality from the substantial dataset, stringent criteria were enforced: we retained only those data pairs where the
349 geographical separation between the OMPS/LP and MLS footprints was within 1<in both latitude and longitude, and the
350 observation time difference was less than 6 hours. In cases where multiple MLS profiles corresponded to a single
351  OMPS/LP measurement, their average was computed and used. For consistent comparison with NASA products and
352 ozonesonde data, the MLS volume mixing ratio (VMR) and pressure were first transformed to number density and
353  altitude, utilizing the MLS geopotential height. These converted profiles were subsequently interpolated onto the regular
354 altitude grid of the OMPS retrievals using a spline method.

355 Fig. 9 presents the average profiles and relative differences between the retrieval results of this study and MLS v5.0,
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involving approximately 93,000 profiles. The results show that compared with MLS v5.0, the ozone concentration
retrieved in this study has a relatively large positive deviation of 5-20% below 18 km; the positive deviation above 32
km increases with the increase in altitude; within the 18-35 km height range, the deviation between the two is controlled
within 5%.

Fig. 10 shows the average profiles in the tropics and southern high latitudes, as well as the relative differences in
five latitude zones, with shaded areas indicating the standard deviations. In terms of data sample size, there are
approximately 18,000 profiles in the tropical region, about 20,000 in the northern high latitudes, and around 15,000 in the
southern high latitudes. The analysis results reveal that within the 12-35 km height range, the zonal average relative
differences in each latitude zone are basically controlled within 10%. Among them, the northern mid-high latitudes
exhibit a stable negative deviation of 5-10% at 20-35 km; the southern mid-latitudes have a constant positive deviation
of 1-5% at 18-36 km, which further expands to 3-10% in the polar regions. The tropical region shows obvious
stratification characteristics: the retrieved ozone number density at 19-27 km is 5-10% lower than that of MLS, while it
is 3-10% higher in the 28-36 km range. It is worth noting that below 19 km, the consistency between the retrieval results
of this study and MLS data decreases significantly, with the relative difference in the tropical region even exceeding 30%,
although the absolute difference is relatively small (see Fig. 10a).
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Figure 9. (a) Annual mean ozone number density profiles from this study and MLS v5.0, accompanied by standard deviations

(shaded areas). (b) The corresponding annual mean relative differences, accompanied by standard deviations (dashed lines).
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Figure 10. (a, b) Annual mean ozone number density profiles (this study vs. MLS v5.0) for the tropics and Antarctic, respectively.
(c) Zonal mean relative differences for five latitudinal bands (60=90N, 40=60N, 205-20N, 60=40<5, 90=-605); standard

deviations as shaded areas.

Fig. 11 presents the variation of relative differences between retrieval profiles within 1<latitude bins and MLS zonal

averages with altitude, covering three time periods. The full-year 2021 data shown in Fig. 11a indicate that within the
20-35 km altitude range, differences across all latitudes are basically controlled within #10%. Analyzing the difference
characteristics from low to high altitudes: oscillating differences exceeding 30% appear in the tropical UTLS region,
which may be caused by factors such as high dynamic changes in ozone concentration, insufficient detection sensitivity

12



https://doi.org/10.5194/egusphere-2025-5580
Preprint. Discussion started: 1 December 2025 EG U h
© Author(s) 2025. CC BY 4.0 License. spnere

385 in the lowest retrieval altitude segment, and cloud filtering effects; in addition, the low ozone concentration in this region
386 also affects the accuracy of retrieval profiles. In the tropical region, there is a decreasing trend in retrieved ozone values
387  at 20-23 km altitude, which is particularly significant in winter (see Fig. 11c); while higher values are observed in the
388  Antarctic region, which may be related to albedo retrieval deviations at polar latitudes in winter. Above 35 km, retrievals
389 in the tropical region are larger, and this interval corresponds to the overlapping area of ultraviolet and visible spectral
390  windows, where the merging of data from the two may cause inconsistent results.
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393 Figure 11. Relative differences in 0zone number density, averaged over 1 °latitude bins and plotted as a function of altitude, for (a)

394 the entire year of 2021, (b) the boreal summer months (June-August), and (c) December.

395 In summary, the comparative analysis of this study shows that the effectiveness of OMPS retrieval varies across
396  different regions and altitudes: the effectiveness in tropical regions is concentrated in the 20-35 km altitude range; in
397 mid-latitude regions, good consistency is also observed below 15 km. Nevertheless, in some atmospheric regions and
398 under different seasonal conditions, the relative deviation may still exceed 10% compared with MLS data.

399 4.4 Comparison with OSIRIS

400 In February 2001, the OSIRIS instrument was launched aboard the Odin satellite into a nearly circular
401  sun-synchronous orbit (Llewellyn et al., 2004). The orbit has an altitude of approximately 600 km, an orbital period of 96
402 minutes, an inclination of 97.8< and covers an observational latitude range from 825 to 82N. The satellite's ascending
403 node crosses the equator at approximately 18:00 local time. Detailed descriptions of the instrument can be found by
404 Llewellyn et al., (2004). Degenstein et al. (2009) used the MART to retrieve ozone profiles in the altitude range from 10
405 km or cloud top to 60 km, with the retrieval algorithm integrating radiation information from the UV and VIS bands. In
406 this study, the version of OSIRIS L2 v7.3 data (University of Saskatchewan, 2025) is used for verification.

407 Owing to the sparsity of coincident OSIRIS measurements, a relaxed collocation criterion was adopted. Data pairs
408  were considered matched if the geographical distance between the instrument footprints was within 2<in latitude and 5
409 in longitude, and the time difference was within 24 hours. When multiple OMPS/LP profiles corresponded to a single
410  OSIRIS observation, their average was used. To unify the data format, the ozone concentration unit (mol/m3 of OSIRIS
411 profiles is converted to number density (/cm3.

412 Fig. 12 shows the average profiles and relative differences between the retrieval results of this study and OSIRIS
413 v7.3, involving approximately 44,000 profiles. The results indicate that compared with OSIRIS v7.3, the ozone
414  concentration retrieved in this study has a relatively large positive deviation of 28-34% below 18 km; above 35 km, the
415 positive deviation increases with increasing altitude; in the 20-35 km altitude range, except near 23 km, most of the
416  deviations between the two are controlled within 5%.

417 Fig. 13 further compares the average profiles in the tropics and southern high latitudes, as well as the relative
418  differences of the five latitude zones, with shaded areas indicating the standard deviations. In terms of data sample size,
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419  there are approximately 17,000 profiles in the tropical region, about 10,000 in the northern high latitudes, and around
420 7,000 in the southern high latitudes. The analysis shows that the northern mid-high latitudes have a significant negative
421  deviation of 5-13% at 21-25 km altitude, which is more prominent in polar regions; the difference in the southern
422 mid-latitudes at 20-36 km altitude is less than 4%, and the consistency in the Antarctic region at 23-35 km altitude is
423 better than 2.5%; most of the deviations in the tropical region at 26-36 km altitude are within 2%. In addition, the
424 differences in the region below 20 km are significant, with the relative difference in the tropical region exceeding 50%
425 and reaching 30% at 13 km in the southern mid-latitude zone.
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428 Figure 12. (a) Annual mean ozone number density profiles from this study and OSIRIS v7.3, accompanied by standard deviations

429 (shaded areas); (b) The corresponding annual mean relative differences, accompanied by standard deviations (dashed lines).
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432 Figure 13. (a, b) Annual mean ozone number density profiles (this study vs. MLS v5.0) for the tropics and Antarctic, respectively.

433 (c) Zonal mean relative differences for five latitudinal bands (60=90N, 40=60N, 205-20N, 602405, 90=603); standard
434 deviations as shaded areas.

435 4.5 Comparison with ozonesondes

436 To robustly validate the retrieved ozone concentrations at altitudes below 30 km, this study employs a comparative
437  analysis with ozonesonde measurements. The sonde data were obtained from the World Ozone and Ultraviolet Radiation
438  Data Centre (WOUDC) and the Southern Hemisphere Additional Ozonesondes (SHADOZ) network (Thompson et al.,
439 2007). Accounting for the sparse spatial distribution of ozonesonde stations, a relaxed collocation criterion was
440 implemented: an OMPS/LP measurement was considered a match if it fell within #5<latitude and +10<longitude of a
441  sonde station and occurred within #12 hours of its launch. For each ozonesonde profile, all collocated OMPS/LP
442 retrievals were averaged to form a single comparative data point.

443 In quantitative comparisons, to align the vertical resolution of ozonesonde data with that of OMPS data, a moving
444 average filtering method is used for dimensionality reduction of ozonesonde data. The specific procedure begins with
445  defining the window size of the moving average filter:
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446 N = dow (8)

Azpigh
447 where, Az, and Azpgy, represent the low vertical resolution of OMPS data and the high vertical resolution of
448  ozonesonde data, respectively.
449 Filtering is applied to the original ozonesonde data xg,. to obtain the dimensionality-reduced data x.y,rse, Which
450 is expressed as:

1

451 xcoarse(zk) = N1

Zﬁy:—N xfine(zk+j) (@

452 where z, denotes the altitude, and k represents the layer index.

453 In addition, another processing approach involves convolving ozonesonde measurements with the averaging kernels
454 (AKs) retrieved from OMPS/LP v2.6 (see Arosio et al., (2018) for details). Taking the Alert station (82.5N, 62.4SW) as
455  an example, Fig. 14 presents the comparison results between the ozonesonde data and the collocated OMPS average
456 profile on September 15, 2021. It is found that there are differences in the dimensionality-reduced ozonesonde data
457  obtained by the two methods. The data curve processed by convolution with averaging kernels is smoother and its shape
458 is closer to the OMPS product; while the data processed by moving average filter retains more original features with a
459  sharper curve. After comprehensive consideration, the moving average filter is finally adopted for data processing in this

460 study.
35
—— Original ozonesound profile
Low resolution ozonesound profile by moving average filter
+ |——Low resolution ozonesound profile by AKs convolution
30 3| - - Mean OMPS/LP v2.6 profile
E
<25
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461
462 Figure 14. Ozonesonde data and OMPS collocated average profile at Alert station on September 15, 2021
463 Figure 15 presents the annual average collocated profiles and their relative differences. The left side of the figure

464  denotes the number of valid collocations at each altitude, with the total sample size amounting to approximately 1460.
465 This study included data from 41 ozonesonde stations, involving over 1700 individual profiles. A significant positive bias
466  of 10-15% is observed in the retrievals compared to ozonesonde data below 18 km, while the deviation generally stays
467 within 10% across the 15-30 km altitude range.

468 Fig. 16 presents the average collocated profiles in the tropical and Antarctic regions, as well as the relative
469 differences across five latitude zones. The left side of the figure indicates that the number of available collocations in the
470  tropical and Antarctic regions is approximately 200 and 75, respectively. Specifically, the tropical region shows good
471 consistency above 20 km, with most relative differences within 4% between 20 and 30 km. The southern mid-Ilatitude
472 region also exhibits high consistency, with positive biases generally less than 5% above 20 km, but a relatively large
473 positive bias of about 19% near 15 km. In the Antarctic region, the bias is less than 2% above 25 km, while significant
474 differences occur below 25 km, with a positive bias as high as 21% at 19 km. The northern mid-latitude zone has a bias
475  of less than 5% below 21 km, but a constant negative bias of 5-11% between 21-28 km, and this negative bias are more
476 pronounced in the Arctic region.
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479 Figure 15. (a) Annual mean collocated ozone number density profiles from this study and ozonesonde measurements,

480 accompanied by standard deviations (shaded areas). (b) The corresponding annual mean relative differences, accompanied by standard
481 deviations (dashed lines).
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484 Figure 16. (a, b) Annual mean collocated ozone number density profiles (retrieval vs. ozonesondes) for the tropics and Antarctic,

485 respectively. (c) Zonal mean relative differences for five latitudinal bands (60=-90N, 40=-60N, 205-20N, 602405, 90=605);
486 standard deviations as shaded areas.

487 5. Conclusions

488 This study innovatively applies the ozone profile retrieval method—originally developed at the University of
489  Saskatchewan for OSIRIS measurements and based on wavelength pairing and the MART—to OMPS/LP observations.
490  After processing and analyzing the 2021 annual OMPS/LP v2.6 L1G data, observations with the instrument's central slit
491 and solar zenith angle less than 85<were selected, and ozone profiles between 12.5 and 39.5 km were retrieved. A
492  comprehensive multi-dimensional validation was conducted.

493 Comparison with the NASA L2 v2.6 official product shows that the overall consistency is good across latitude zones
494 at 20-36 km, with most differences within 25%. However, differences near 33 km in the northern mid-latitudes and polar
495 regions reach up to 10%. Below 20 km, ozone concentrations are relatively high in the Antarctic ozone peak region, with
496  apronounced positive bias around 15 km in tropical and southern mid-latitude zones.

497 Validation against MLS v5.0 and OSIRIS v7.3 ozone profiles, as well as ozonesonde data from SHADOZ and
498  WOUDC, indicates that relative differences with MLS are mostly within #10% between 13-35 km, except for significant
499 discrepancies in the tropical UTLS region. Compared to OSIRIS v7.3, a negative bias of 13-18% occurs at 20-25 km in
500  northern mid-high latitudes, while positive biases reach 18% at 18 km over Antarctic and exceed 20% at 15 km in
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501  southern mid-latitudes, with more pronounced deviations in the tropics. Relative to ozonesonde data, differences in
502 tropical and southern mid-latitude regions at 20-30 km remain within 4%, whereas differences of 11-15% are observed
503  at 20-25 km in northern mid-high latitudes. Consistency is good below 20 km in northern mid-latitudes, but positive
504  biases reach 21% at 18 km over Antarctica and 19% at 15 km in southern mid-Ilatitudes.

505 Overall, compared with the reference products, the retrieved ozone concentrations in this study exhibit biases mostly
506  within 5% between 25-35 km. A negative bias of 5-10% is observed at 20-25 km in northern mid-high latitudes,
507 particularly in the Arctic. Retrieved values are about 10% higher at the altitude of the Antarctic ozone concentration peak,
508 10-15% higher at 15 km in southern mid-latitudes, and over 30% higher below 20 km in the tropics.

509 The identified biases mainly arise from three factors: below 20 km, cloud influence remains non-negligible. Even
510  after excluding cloud-affected radiances, retrieval of lower-altitude ozone profiles is still affected by the initial profile
511 and the adjustment factor above clouds, leading to ozone concentrations more than 25% higher above cloud tops.
512 Inaccurate prior profiles in the mid- to low latitude regions introduce retrieval biases exceeding 20%, while low ozone
513 abundance, strong dynamical variability in the tropics, and reduced sensitivity of limb retrievals further exacerbate
514  discrepancies. Additionally, differences between the background aerosols used in retrievals and real atmospheric
515  conditions also contribute. The elevated concentrations above 35 km across latitude zones result from the limited
516  capability of visible spectra for high-altitude ozone, retrieval, unlike the official product, which uses combined ultraviolet
517 and visible spectra.

518 Based on error analysis, follow-up research will focus on optimizing the retrieval algorithm, adopting more realistic
519 prior profiles, and constraining the retrieval altitude to cloud-top height. Efforts will also be directed toward deriving
520  aerosol profiles from limb radiance measurements to improve the forward model. This study successfully demonstrates
521 the feasibility of applying the wavelength pairing and MART technique to OMPS/LP ozone profile retrieval, laying a
522 solid technical foundation for broader application of this approach. It also underscores the importance of consistent
523 retrieval settings for constructing long-term, coherent stratospheric ozone datasets and minimizing discrepancies in
524 multi-satellite data merging.

525 Data availability

526 Ancillary information and v2.6 L1G OMPS/LP data were downloaded from https://disc.gsfc.nasa.gov/datasets
527 (NASA, 2025a), where L2 data are also available. For the validation sections, MLS L2 data were also taken from https:
528  //disc.gsfc.nasa.gov/datasets ~ (Schwartz, et al, 2020). OSIRIS v7.3 data were taken from
529 https://research-groups.usask.ca/osiris/data-products.php (University of Saskatchewan, 2025). WOUDC data were

530  downloaded on 10 April 2025 from https://woudc.org/data/explore.php. A list of all contributors is available on the
531 following website: https: //woudc.org/contributors/. SHADOZ data were downloaded on 21 April 2025 from
532 https://tropo.gsfc.nasa.gov/shadoz/Archive. Html (NASA, 2025b).
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