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Abstract. This studypresentsan independentetrieval algorithmcombiningwavelength pairing anthe multiplicative = p :describes a
algebraic reconstruction technique (MAR®)process Ozone Mapping and Profiler Suite (OMPS) limb observations for

vertical ozone profilesDeveloped as a complementary dataset for validating operational products, the algorithm is

tailored to OMPS/ L P drheretripval algofithntempldysiscattered salar radiance measurements

from the OMPS limb profiler, focusgnon the \sible spectral rangeormalizes tts radianceto thatat an upper tangent - p the
height,andretrieves ozone concentratiohstween 1240 km Q1 km vertical resolution)Additionally, it enables the

identification of cloudcontaminated measurements specific alitudes within theinstrument field of view_A - p  :instrumenss
comprehensive error analysis reveals that prior uncertainty contrib&®s error in the tropical lower stratosphere

(based ora +5% perturbation experimentyhile a30% uncertainty in the aesol extinction coefficient causes ~5% = p : The retrievakrror in
error at 1525 km_Absorption cross ect i on uncertainties i_nttor oid51%.e d ™ { the upper troposphesstributed tathe

measurement noise exhibits strong altitude dependence, with values below 10% instratwsgphere and exceeding 20% | prior profile is estimated to be 25%

at high altitudes and ithe tropical upper tropospheil®®MPS dataspanning the entire year of 20afe processed, and

the resultsare evaluated through comparisons with multiple independent datasets, including NASA official products,
passive satellite observations, anesitu measurements from ballecborne ozonesondeAt 17i 36 km, deviations from
OMPS/IP v 2. 6 dat ai3skmeongsiehecy with Micrdwave Limb Sounder (MLS.0dataranges fronbi

10%; at 2035k m, most deviations from OS$23Rnh).SompdrisoBs wittadzamender e O5 %

measurementevealthat differencesn the 13i 30 km rangeover northern migo-high latitudes are mostly <10%ith

10i 15% differences at 225 km in polar regiorjs Over southern midatitudes the consistencywithin the same altitude
range is 210% Notably, deviations between the retrieyafiles and comparison products increase significantly in
low-altitude tropical regions.

1 Introduction

Stratospheric ozone forms a natural barrier protecting life on Earth by absorbing solar ult(eNipleadiation
Additionally, as a key greenhouseag it participates in the absorption and emission of infrared radiation in the
stratosphere, playing a crucial role in regulating Earth's energy balance and stabiliziimgate systen{Li, F., et al.,
2023. Dynamic changes in stratospheric ozaepecentratioa not only directly reflect the emission fluxes and chemical
reaction processes of various atmospheric substamaealso serve as an important indicator for assessing the impact of

human activities onhe atmospheric environmefivoung et d., 2021; Chipperfield and Bekki2024) Since the
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identification of the Antarctic ozone hole in the 1980s, research on the evolution patterns and driving mechanisms of
stratospheric ozone concentration has remained a core topic in atmospheric science, attracting global research efforts to
continuously explore its vatian mechanisms and ecological effects.

High-precision retrieval of stratospheric ozone vertical profiles is a core requirement for advancing stratospheric
ozone research and establishing lbeign essential climate variable datagétaet al.,2015. Tothis end, multiplatform
monitoring techologies including grounebased balloortborne, airborne, and satellibsedinstrumensd have been
widely applied over recent decades. Among these, satellite observations are categorized by detection modes into nad

occultation, and limb observatianBladirviewing instruments, whiclobservedownward, offer excellent horizontal - p

: detect }

coverage, with typical examples including the Ozone Monitoring Sadir (OMSN) aboard FengyuBF
(NSMC,2029, the Ozone Monitoring Instrument (OM8board Aur@Veefkind et al., 2006) and the Environmental
Monitoring Instrument (EMI) onboard the hyperspectradebation satellite GeoFeén(Qian et al., 2024, Occultation
instruments, which directly view the solar disk, are represented by the Stratospheric Aerosol and Gas Experiment (SAGE
) (Cisewski et al., 201%, Atmospheric Chemistry Experiment (ACEBernathet al., 2005) and Global Ozone
Monitoring by Ocultation of Stars (GOMOS]Bertaux et al., 2010) featuring high vertical resolution amgbod

signatto-noise ratip Limb scattering/emission observations combine the advantages of the aforementioned two mod¢ — b

: strong signastrengths }

boasting high sensitivity, favorable vertical resolution, and high spatial sampling rates, such as the Microwave Limb
Sounder (MLS)(Waters et al., 2@6), SCanmig Imaging Absorption spectroMeter for Atmospheric CartograpHY
(SCIAMACHY) (Burrowset al., 1995)and Optical Spectrograph and InfraRed Imager System (OS(RE)ellyn et

al., 2004) The Ozone Mapping and Profiler Suite (OMPS), a passive imaging spetaoemployed in this study, is

onboard the Suorilational Polatorbiting Partnership (SNPP) satell{telynn et al. 201} Its limb profiler (OMPS/LP) - p

:Jaross et al., 2014 }

enables accurate retrieval of stratospheric ozone verticalggafih limbobservation modeSince 2012, the NASA team
has successively developed and released four versions of the ozone LP retrieval algorithm for OMPS limb observation
data (the first version was released with operatigault et al,2018 the second version in024 (Xu et al.,2013,

version 2.5 in 2017DelLandet al., 2017)and version 2.6 in 202&ramarova 2023). The University of Bremen has

also applied its selfleveloped retrieval algorithno OMPSLP measuremeni@rosio et al.,2018. In addition,another
approach to processing OMPS/LP data employ®ag2ometry retrieval method, as demonstrated in the work conducted

at the University of Saskatchewéfawada et al., 20)8 - p

:Flynn et al., 2014 }

This study focuses on ozone profile retrieval from OMP SadbBervation data, employingratrieval algorithm
based on wavelength pairing and theltiplicative algebraicreconstructioriechnique (MART). The algorithm is derived
from the OSIRIS ozone profile retrieval scheme developed by the University of Saskacti/hile the core retrieval

methodology of wavelength pairing and MART is weditablished in limb sounding, the novelty of this work lies in its

tailored adaptation to the OMPS/LP_instrume@jven, the significant differences between OMPS/LP and OSIRIS in- | — b

measurement technologésncluding spectral resolution, spectral channels, wavelength range, atmospheric samplin{
and radiance acquisitiénthis study has performed targeted optimizations and mthmws on the algorithmThese

include significant adaptatioris radiative transfer model construction, selection of retrieval spectra, and application of
atmospheric parameter databadestthermore, this study provides an independently developed edtpathway for

OMPSI/LP, offering a complementary source for cresgdation with official products.

The studyaims todemonstratahe effectiveness of the wavelength pairing and MART algoritbnyetrieving [_ b

OMPS/LP ozone profilesherebylaying a theoretical and technical foundation for integrating OMPS/LP and OSIRISJ
data to construct lonrterm continuous datasets. The structure of this paper is as follows: Section 2 details t

characteristics of the OMPS instrument, discussiagoliservational geometric principles and key issues in L1 data | = p

calibration. Section 3 systematically elaborates on the retrieval algorithm, including its core framework, application

strategy of cloud filters, and parameter setting methods for the radimtimefer model. Section 4 conducts [_
multi-dimensional validation and statistical analysis of the retrigwaisingtNASA ozone profile products, MLS,

: However, }

: given }

:research }

: verify }

1in }

P inthis study }

{— p :combined with }

2



99
100

101

102

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

124
125
126
127
128

OSIRIS, and ozonesonde datasets. Finally,nilaén results,key findings are summarizedand potential directions for
future algorithm improvemerare outlinedn the conclusions.

2 OMPS/LP Ozone Retrieval

2.1 OMPS/LP instrument

The OMPS instrument was successfully launched aboard\tR@&atellite on October 28, 20@hu et al. 2025.
The satellite operates in a sspnchronous polar orbit at an average altitude of 833 km with a 13:30 local time ascending
node, commencing routine scientific observations in early 2012 (Kramarova et al., 2022). The OMPS suite integrates

threedistinct sensors: the Nadir Mapper (NM), Nadir Profiler (NP), and Limb Profiler (ERhif et al., 201% Among = p :Arosio etal., 2018

them, OMPS/LP is centrally aimed at retrieving the vertical distribution of ozone in the Earth's middle atmosphere with

high precision, employing a limb observation mode stmund theatmospheg by imaging the edge of the Earth's - p  :scanning

atmosphereDuring a limb observation, the sensor's dofesight passertangentially through the atmosphesnd the [_ b :intersects

point along this path with the lowest altitude is termed the tangent poing THe)vertical distance from this point to the

Earth's geoid is referred to as thegant height (TH). The fundamental geometry of this observation mode is depicted in ~ p :the Earth'surface ata

Fig. 1a. specific locationwhich is termed the
The spectral coverage of OMPS/LP ranges from 290 nm to 1000 nm, with spectral rescdujiog with tangent point (TP)

wavelength from 1.5 nm at short wavelengths to 40 nm atothgekwavelengthgKramarova et al., 21). Equipped _ p by

with a chargecoupled device (CCD), the instrument can simultaneously observe scattered solar radiation across the | avelengt reaching 1.5 nm at the

spectral range at altitudes from 0 to 100 Kpach detector pixel possesses an instantaneous vertical field of view of| ghortwavelength end and 40 nm at t

approxmately 1.5 km. This configuration enables a hgkcision verticasamplingof 1 kmat the tangent poin{Jaross longerwavelength end

et al., 2013 To expand crostack coverage, OMPS/LP is configured with three observation slits horizontally spaced b{

D :resolution
4.25°(approximately 250 km), whose observational geometry and-tieldew characteristics are illustrated in Fidp. o

Each slit has a 1.85°verta field of view (FOV), corresponding to a 110 km vertical observation range @Pttkhis
study focuses on measurement data from the central slit, which is aligned with the satellite’s ground track. The SNPP

satellitecompletes14 orbits daily, with OMPS/LBerformingapproximately 160180 measurements per orbit (at a [_ p :operates

latitudinal sampling interval of ~1JLP can achieve global coverage eveiry 8lays(Kramarovaet al., 2024) { . -
= p :completing

_

RDR Generation

Satellite Velocity
Vector

ZmlmSoIar radiation
{ > Spacecraft
Ms|szA \\\Down ink |

Nadir Path

250 km X 260 km
HCS (nadir NR)

50 kmx 2800 km

@ (b)
Figure 1. (a) Schematic of the satellite limb observation geometry, indicating the key parameters of tangent point (TP) and tangent
height (TH)(SS: single scattering, AS: albedo scattering, MS: multiple scatt&##y, solar zenith angl€adapted from Arosio et al.,
2018} (b) Schematic diagram of OMPS observation geometry anddfeliew characteristickramarova et al., 2018)
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| of the normalized radiance at a wavelength near the ozone absorptiothgealky isolating thezone absorption signal

2.2Key corrections in OMPS/LP L1G v2.6 data

Radiometricerrors and sensor pointing errgne the two main error sources affectjimgb-scattering ozone
retrieval accuracyKramarova et aJ 2024).The OMPS/LP L1G v2.6 dataset incorporates essential corrections to
address these issyes.

Pointing (altitude registration) corrections are applied to mitigatgeint height offsets caused by instrument
alignment and thermal effects. Mufibint corrections include static, intoabit, and timedependent adjustments
following Moy et al. (2017).

Stray light correction is performed using an updated point spi@action (PSF) based on pl&unch
measurements (Jaross et al., 2014). In version 2.6, the PSF tail intensity in UV and VIS/NIR bands is increase
~12% to improve higlaltitude stray light estimation (Kramarova et al., 2024). An additional factor df agplied
in VIS/NIR wavelengths to correct for -imand scattering. While thermally induced wavelength shifts have
negligible impact on heightormalized radiances in ozone retrieval, we note that residual wavetismghdent
errors could affect crosgection matching in regions of strong ozone absorption.

These calibration steps are critical for ensuring the radiometric and geometric accuracy of the radiances (
in our retrieval. Further details can be found in the cited references.

3 Retrieval method

3.1 Retrieval vector

The retrieval method for vertical ozone concentration distributions based on OMPS/LP measurements in this st
draws on the technical framework developed by Zhu €20#1) who derived ozone number density profiles using
SCIAMACHY limb scattering measurements in the ChappMslf band. It shares similar methodological principles
with the approaches proposed by Roth ef2007)and Degenstein et g2009) all of which enploy retrievalvectors
positively correlated with ozorencentrationgor calculations.

The first step in the retrieval process/olves normaliang the limb radiance at selected wavelengths. This
operationentaib normalizing the limb radiance at each wavelength to a refefBAcavhich effectively eliminates
interference from the solar Fraunhofer structure, weakens the impact of surface reflection, and simultaneously achié
instrument selcalibration(Jia et &, 2015)

E _fo E_ROj k_fio
where, "O denotes the TH, and represents the wavelengtt:_HO

(€
and £ _HO refer to the radiance at the
referenceTH and the normalized radiance, respectively. The reference TiHugpeeraltitude where ozone sensitivity is
low; in this study, it is selected as 40.5 km (i.e., te&renceTH abovethe maximum retrieval altitude). Although

radiance normalization cannot completely eliminate tilsénce of surface reflectioor corred spectral errors such as

wavelength shifts (which affect the calculation of ozone absorption -sems®ns) it significantly reduces the

requirements foboth absolute radiometricalibration and modeling accuracyFlittner et al., 2000 To mitigate the
effect of aerosol scattering, the Chappuiglet vector (CTV) method proposed by Degenstein ef24109)and Flittner
et al. (2000)is employed for wavength pairing. In the Chappuulf band, the CTV is defined as the difference
between the logarithmic average of normalized radiances at two weakly-a@zsobing wavelengths and the logarithm

4

= p :OMPSLPL1
calibration
= p : (primarily involving

altitude registration errors)

= p : the accuracy of ozone
profile retrieval via limb scattering

techniques

- p :In this section, we
describe the instrument calibration ir

OMPS/LP L1G v2.6 processing.

= p :Sensor pointing
information is primarily acquired via
the dual star trackers in the SNPP
spacecraft's attitude determination
system. However, misalignment
between the attitude control frame a
the fuselage frame, as well as
thermally induced deformation of LP
optical compoents, can lead to
significant pointing offsets. To addre:
this, multipoint corrections are
implemented in L1G data processin¢
following the method by Moy et al.
(2017). The v2.6 version employs
three types of corrections: static,
intra-orbit, and timedependent. The
static correction for the central slit is
1.58 km. Intraorbit corrections are
based on the absolute radiometric
residual method (ARRM) with linear
adjustments along the sottiorth
direction of the orbit; timelependent

corrections apply a uform offset of

+0.1 km.. ]

- p :Two-dimensional CCD
detectors are susceptible to
interference from internally scatterec
stray light, causing photons from
intense light regions in the scene to
scatter into weak signal areas. Jaros
al. (2014) proposed a straght (SL)

correction scheme based on+mench

point spread function (PSF)
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from common background scattering effects (e.g., aerosol scattériisgpxpressed as:

th @

= p :thereby enhancing the

specificity of the retrieval signal.

where, Qdenotes the index of the TH measured by the instrument,cangpresents the retrievalector after
wavelength pairing at thé&) of TH. _ , _ , and_ correspond to the weakly ozoabsorbing reference
wavelengths and the strongly absorbpagak wavelength, respectively. In this stutiy peak wavelength = 606.3 nm

adheres to the visible channel configuration employed in the NASA OMPS/LP v2.6 operational algorithm (Kramarova, et

al., 2024), thereby consistency with established ONV#$eval products. The weaklpsorbing reference wavelengths
_ =512 nm and =675.5 nm were optimized according to the selection criteria proposed by Zhu et al. (2021) fq
limb scattering ozone retrievals within the Chappivslf band, which tke into account the specific spectral response
and noise characteristics of OMPS/LP. Unlike the NASA algorithm, which uses spectral averages over multig
wavelengths for its visible triplet (510 nm, 606 nm, 675 nm; Kramarova and DelLand, 2023), thedroptsed adopts
individual discrete wavelength channels.

= p :referencing the
wavelength system by Kramarova e
(2024 and the selection criteria by
Zhu et al(2021) _ is setto 512
nm, _  t0o606.3 nm, and. to

675.5 nm.

Jhe paired measurememéctos maintainhigh sensitivity to ozone concentrationhe CTV is designed to e
positively correlated with ozone concentration (Degenstein et al., 2009). As expected, the CTV values and the retrie{

ozone profiles show consistent vertical and latitetvariations, with peak altitudes decreasing from the tropics to high
|l atitudes. I n this study, CTV near zero abov
40 negati ve;ricttdhoad ¢f oueest bel ot #i0e k anl i s

JAerosols, as suspended particles capable of absorbing and scattering light, have sources including both natura
anthropogenic factors. Stratosphericmsrol s mai nly originate from SO |, HC
ocCs, pol |l ut ant s (Lisdl,ethal, a023). k@ presence ahaeiosold u
enhanceshe intensity of atmospheric scattered light, vihle effect being stronger at longer (red) wavelengths than at
shorter (blue) wavelengths due tocawelengthdependent scatteripgBased on the SCIATRANmModel (radiative
TRANSsfer model for SCIAMACHY) this study conducted simulation experiments on aerosol extinction coefficients to
explore their impacts oradianceandCTV.

val ues

km become

generated and

Tagent height (km)

03
CTV

0.4

Fig. 2 shows the effects of aerosol extinction profiles itferent scaliy factorson radianceand CTV When the
aerosol profile varies within the range of (L times the standard value, tiaglianceprofile is positively correlated with {

the aerosol extinction coefficient, while CTV decreases as the extinction coefficient increases, with the impact mai
concentrated belo@0 km. For instance, when the aerosol extinction profile doublesiatti@anceat 21 km increases by
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27%, whereas theCTV decreases by only 5%. itidicates that wavelength pairing can weaken the aerosol scaftering‘
effect but cannot completely eliminate it. In addition, the study found thatradiiinceerrorsand CTV errors increase
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Figure 2, Variations in radiance and CTV with aerosol extinction coefficients of different multii@efRelative radiance error; (b)
Relative CTV error.
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3.2Multiplicative algebraic relaxation technology

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

® ® B —o ©)]
where & denotes the ozoneumber densityat atmospheric heightQduring the ¢ iteration; @  and &

represent the observation vector and simulation vector processed via Equations (1) and (2), respectivaly, whisre
generated by the radiative transfer model based on the ozone profil®btained from thet™ iteration; & is the

line-of-sight weight factorindicating theimportanceof the  TH or line of sightto the ozoneetrieved anltitude "QAt {_

p

:influence weight

each altitudeB @  p. The value ofc in this study follows the settingnizhu et al., (2021). [

b

: on atmospheric height

o J

3.3 Cloud filter

A critical step in the OMPS/LP ozone profile retrieval is to define the Idwendary by determining cloud top
height. This is accomplished using a cloud detection method, modified from Chen et al. (2016), which leverages the
spectral contrast in radiance between red andinfared bands. The method quantifies this contrastdoypeiting the
change in the vertical radiance gradieetvieen two selected wavelengtfi§e underlying premise of the gradiéresed
cloud detection algorithm is that clouds generate a significantly larger radiance gradient compared to aerosols. This
gradent is quantitatively defined as the rate of change of radiaitheespect ta'H:
q fo 11 E_fior © (4)

As shown in Fig3a, the variation characteristics of radiance ggatlwith wavelength in the 56800 nm provide a -

tda

basis fordetermining cloudop height In cloudfree conditions, the radiance intensity varies slightly with wavelength;

whereas in the presence of clouds, the wavelength dependence of radiance is significantly stronger than that of aerosols.

Based on this, in thistudy, the cloudlop height is determined by calculating the spectral gradient difference, with the
formula as follows:

ido q_Ho 4 _fO ®)

where, _ and _ denote the short wavelength and long wavelength, respectively. In this stuéyset to 674 nm, and

_ is set to 868 nmThe positive cloud detection threshold for LP dat.5, which is also applicable to the detection of

polar mesosphi& clouds(PMCs). Taking the SPP satellite orbit 51220 on September 15, 2021 as an exampl&)Fig -

14b

the characteristics of § profiles differ significantly between two cloudy events and one cfoeel event: the
maximum value ofl i} in the cloudfree event iselow 1.5, while that in the cloudy events is above this threshold, and
the TH corresponding to the maximuin i} value is the cloud top heigHBuring the ozone retrieval processirieval
below the cloud top height is not performed, and the profiteigrregion remains unchanged.




414
415
416
417
418
419

420

421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

441

442
443

= p :themultiplication factor

—22°8
0 i i of the ozone profile below the ald
-0.1 - .
oa Z30f top height remains unchanged
k)
- 03 g2 [ T ]
~-04 2 -
= E20+
Q.05 S
e
oo ey 13.5km
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Figure 3. Radiance gradienjj _O and gradient differencé i during orbit 51220 on September 15, 2021.Rajliance gradient [_ p 4 }

T _RO spectrum at 3N under different atmospheric conditions: clear sky (blue), cloud (red), and aerosol; (@Pe&adiance
gradient differencd # derived from OMPS/LP measurements flaree equatorial events, showing the cloud detection results. The

black dashed line represents the threshold employed for cloud identification.
3.4 Implementation details

In this study, the SCIATRAN v2.2 toolbdRozanowet al., 2017)s employed as the forward modeling to calculate
the simulated radiances required for ozone concentration retrieval. The observed and simulated radiances are processed
through normalization and wavelength pairing to form retrieval vectors, which seivaués to the MART algorithm to
drive the iterative update of ozone profiles.

The radiative transfer solution in the forward model is based on the discrete ordinate method applied to a spherical
atmospherewith a pseudsspherical approximation for multiplscattering The solution incorporates the effects of
multiple scattering and refraction while explicitly omitting polarizatiBadiance calculations in the model are focused
solely on ozone, an absorbing gas, with the ozone absorptionsecttns refeenced from the research results of
Bogumil et al.(2000) The pressure and temperature profiles used in this study were obtained from the Global Modeling
and Assimilation Office (GMAO) interpolated dataset. These meteorological data are incorporage®@MRB/LP L1G
dataset provided by NASA (NASA, 2025dh addition, the model sets the stratospheric background aerosol type as

LOWTRAN (Kneizys ,1983), the boundary layer humidity as 80%, and the boundary layer aerosol type as Misine. | — p :1986 }
retneved,o. zone profile are reported 9n the same vertlt?al qnd.tlae OMPS/LP I‘_1anut datal, which haa lflxed . [_ b :vertical resolution of the}
spacing of lheigthin Howewver, tthés regmplimd interval does not imply an equivalent effective vertical
resolution. The true vertical resol uti on loiesmegsarenental |~ p :retrievalis
sensitivity, The prior profiles are from SCIATRAN's builh database. These profiles are provided by McLinden | fundamentally constrained by the
climatology (C. McLinden, Meteorological Service of Canada, personal comntionjcand include monthly and native resolution of the input data.
latituded e pendent vertical distributions of volume mi xi n(Giventhat ,
temperature in the 0 to 100 km altitude range. The volume mixing ratio of ozone can be converted to mbeme nu | _ p :dataare provided om
density based on temperature and pressure. fixed 1 km TH gid, the resulting
profiles consequently exhibit a vertic
resolution of 1 km

4 Results

This section presents the processing results derived from the full year of 2021-I3MfR%. We utilized the L1G
v2.6 dataset (Jaross, 2023), which incorporates enhanced stray light correctipairgimd) accuracy as detailed in

7
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Section 2.2. The analysis is based exclusively on measurements from the instrument's central slit.

[— p :research J
4.1Error analysis
[— p : technology }
In the field of erroranalysigon limb-scattering ozone retrieval, there is a wealth of academic achievements. Zhu e[_ p :DOAS and J
al. (2022) used numericaperturbatiopto conduct formal error analysis on the retrieval method of the weighted ,_
multiplicative algebraic reconstruction technique, accurately quantifying ozone retrieval errors at different altitudi_ b= J
Arosio et al.(2022)systematically evaluated random errors aygtesmatic errors for stratospheric ozone profile retrieval [- p:T }
based orpptimal estimationOE) algorithms(Rodgers, 2000 These research results provide important references for {_ p are }
the error analysis of MART retrieval algorithm, and the error estimasults of this study are cgistent with those in
Arosio et al(2022)andZhu et al(2022) [_ f ¢ Therefore J
To ensure data quality, radiance measurements contaminated by clouds were systematically excluded du[— )] }

retrieval. Furthermore, the scene reflectance detsrmined directly from OMPS/LP radiance measurements at 675 nm

four primary sourcegorior profiles, aerosolsxtinction profile 0zone absorption crosections, and measuremewise

The sensitivity of retrieval to the true state and the contribution of prior information ecéorrnally described

through the averaging kernel and measurement response (Rodgers, 2000; von Clarmann et al., 2020). However, u
OE approaches, the MART algorithm used in this study does not produce formal averaging kernels. Therefore, we a:
thesensitivity of the retrieval to the prior profile through a perturbakiesed approac)n this study, the priosensitivity

p :the estimation of the tot:
retrieval error of ozone profiles
focuses orsuch factors as

- p :Understanding the

impact of the initial ozone profile on

retrieval results is crucial.

analysigmatrix A is used to quantify the sensitivity of retrieval to the ppmfile, and its expression is as follows:

N ®) [— p :5a

where @ and e represent the initial ozone profile and the retrieved ozone profile, respectively. To calculate the colun'{' P

vectors of ‘A , the ozone concerattion at a single altitude was perturbedein by 5% and analyzes the corresponding
changs in e. 'A is a dimensionless matrix, whose characteristics can intuitively reflect the impact of changes in th
prior profile on the retrieval

atrix (A ) column vectors acroghe 1240 km
altitude range, with each curve plotted at a vertical resolution of 2Akpeak centered near the perturbation altitude
indicates that the retrieval at that altitude retains sensitivity to the prior value at the same level. The widgeak the

reflects the degree of vertical smoothing inherent in the retrieval. At the lower boundary (below 15 km), the respo
amplitudes are weak, indicating that perturbations in the prior at these altitudes have limited influence on the retrie
profile. This is consistent with the reduced information content of limb measurements in the upper troposphere and lo

stratosphere, where the retrieval is primarily constrained by the measurement geometry and cloud filtering rather thar

prior.
While Fig. 4aillustrates the pattern of prior influence, it does not quantify the actual retrieval error that would resu

from an inaccurate prior. To assess this, the entire prior profile was uniformly scaled by +5% at all altitudes, and

relative difference betvem the perturbed retrieval and the standard retrieval was computed. Fig. 4b shows the relati

error induced by a +5% perturbation of the prior profile. Below 20 km, the retrieval shows sensitivity to the a priori, wi

rel ative err or sonsi Fhi%indicates that @ grmatl mmdrease i dhie prior profile leads to a noticeabld

underestimation of retrieved ozone concentrations in the tropical lower stratosphere, reflecting the high sensitivity of

retrieval to prior information in this regiomhere measurement information content is low. With increasing altitude, the

magnitude of the error progressively decreases. Above 25 km, the error approaches 0% across all latitudes, At
latitudes, the error magnitude remains relatively small at @tiidés, indicating weaker prior dependence compared to
tropical and midatitude regios,

- 8

: averagekernel

—_Jo

: average kernel

- p :ltindicates that atie
lower boundary of retrieval,
perturbations in the prior profile hard
induce significant responses in the
retrieval results. Fig. Sbompares the
relativeretrieval errors under the
conditions of prior profiles at low
latitudes (5.55) and midatitudes
(45N), and it is found thathe errors
increase significantly at the lower
boundary of retrieval, which is
consistent with the analysresults of
"AD. The prior errors of retrieved ozor
profiles above 20 km have weak
correlation with latitude, and the errc
remain at 2% in the altitude range o
20-40 km; while at lower altitudes,
especially in tropical and mif&titude
regions, theelativeerrors can reach
10-25% due to the rapid decrease of
ozone concentration and the reductic

of retrieval accuracy.
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2021).
The uncertainty of stratospheric aerosol extinction coefficiemist be considered in the error budget for ozone

o

bound of approxmately 30% in the lower stratospl{@resio et al., 2022)To assess the impact of this uncertainty|on
our ozoneretrieval, we perturbed the climatological aerosol extinction profile by uniformly scaling it by +30% lat all
altitudes and repeated the retrieval. The relative difference between the perturbed retrieval and the standard rettieva
then computed. Fig. Sdepicts the resulting ozone retrieval errors as a function of latitude and gltitislevident that = p T T Latitude
retrieval errors induced by variations in aerosol extinction coefficients are predominantly distributed withi2%hleni5 | i C ) Times }
altitude range, with a magnitude of approximately 5%, and errors in the southern high latitudes are more pronoun NeWRoman 1
Within the 2530 km range, the error is around 2%, while above 30 km, it is less than 1%. Below 15 km, errors vary wr( o &Y ]
latitude, mostly falling within the range of £%. g : - v }
The temperature dependence of ozone absorption-seatisns has the potentialitdroduce errors in the retrieved | l' }
profiles. To assess this effect quantitatively, we followed the approach which applied a uniform +2% perturbations to
ozone absorption crosections at all temperatures used in the forward model. This perturbatioitudagepresents a ||| | = p  :Variation of retrieval
typical conservative estimate of cressction uncertainty in the Chappuis band (Arosio et al., 2022). The retrieval was ©'Tors of prior pofiles in midiatitudes
then repeated using the perturbed ciestions, and the relative difference relative to the standard retriegal wa | @nd low latitudes with latitude

Altitude (km)

p :5

computed. [ p : requires consideration}
As shown in Fig. 5b, the resulting retrieval error exhibits a distinct vertical and latitudinal structure. In the tropic .

the largest negative deviations (T3% to T15%) appeav[ b= }

stratosphere are most sensitive to uncertainties in ozone absorptiorsentises. In the Southern Hemisphere (SH) [ p :S }

midto-hi gh 1l atitudes, promi nent negative deviations { p :demonstrated }

negative bimassbeledat?P@eky smaller, at approximatel ; —

near 12% above 25 km. These results csmmldnslmtmdudebvatematwnc{ p cexhibit }

biases in lower stratospheric ozoneriesfals, especially in the tropics and SH rhichigh latitudes. Specifically, a - p :Figure 6(a) illustrates th

positive perturbation in the crosections leads to an underestimation of ozone concentrations, as observed in t distribution characteristics of ozone

negative biases in Fig. 5b. retrieval errors with latitude and

altitude under a 30% uncertainty in

aerosol extinction coefficients.
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To quantify the impact of random measurement noise on retrieval precision, a Monte Carlo simulatf‘gbn w
performed using data from OMPS/LP orbit 51220. Sixteen representative latitudes spanning from 803 to 80N wel
selected. For eachtifude, Gaussian random noise with a standard deviation of 1% was added independently at e
tangent height to the retrieval vectar (Eg. 2). This process was repeated 100 times, generating 100 independeht nois

realizations per latitude. A full MARTetrieval was conducted for each realization, producing an ensemble ofl 100

retrieved ozone profiles for each latitude. The random uncertainty due to measurement noise was quantified as|

standard deviation of the 100 retrieved profiles at each altitexigressed as a percentage of the average of the
unperturbed profiles. |
Fig. 6 shows the latitudinal and altitudinal distribution tife resultingrandom uncertaintyJncertainty remains |
low (<10%) atmostlatitudes within the 2083k m mi d
Above 30
weaker S

s t mefledtig sobusteandestable retrieval performance.
al |y high | uncertai

the bl e spect elevated urmertairgy>l 51 %) t H

identified, likely associated with low ozone abundances, strong atmospheric variability, or reduced information contg

k m, especi at atitudes,

gnal s in Vi si

from the measurements.

50

|

= p :Since ozone absorption
crosssections depend solely on
temperature rather than pressure, it
necessary to investigate the impact (
the temperature sensitivity of
absorption crossections on ozone
profile retrieval. Figure 6(b) presents
the relative errors in ozone retrieval
caused b differences in ozone
absorption crossections at 243K anc
223K. Results show that when the
temperature difference is 20K, the
retrieval errors induced by ozone
absorption crossections are less tha
0.6% across all latitudes and altitude
with the maxmum error occurring
below 18km in tropical regions. A 1%
perturbation was added to the retrie\
vector to simulate measurement nois
and the resulting relative errors in
ozone retrieval were calculated. As
shown in Figure 6(c), retrieval ?tmm
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4.2 Comparison with NASA OMPSLP ozone product

The OMPS/LP v2.6 ozone profile retrieval algorithm developed by the NASA tebnili©n wavelength pairing
and an optimal estimation with prior constraititsamarovaand Deland, 2023 This algorithmoperates on combined
UV-Vis measurement data from 12.5 km (or cloud top) to 57.5 km, producing a single ozone profile from eaeh retrie
The measurement vectors are obtained via dowtnidtriplet methods, with specific parameters detailed in Table 1.
During algorithm implementatiorihe retrieved surface albedo, cloud top height, and corrected TH are integratied. In
forward modelaerosol extinction coefficients retrieved from OMPS/LP measuredadatased

Table 1 Parameters used in the OMPS/LP v2.6 ozlgerithm according tdramarova andeland (2023).

Parameters Values
295, 302, 306, 312, 31322, 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

Fig. 7 shows a comparison between the retfevaf this study and those of OMPS/LP v2.6, involving
approximately770,000 profiles. Among them, Figa presents an example of number density for the annual average
profile, and Fig 7b shows the relative differences of the annual data. In this study, the relativerdiffes calculated as
follows:

% ! prnp (@)

where / denotes the ozone profile retrieved in this study, and represents the reference ozone profile
product.

As presented in Fig. 7b, the ozone concentrations from our retrieval systematically exceed the<eMPE/LP
v2.6 product at altitudes below 19 km and above 35 Kkhe positive deviation increases with decreasing altitude,
reaching a maximum of approximatelyi P4% at the upper and lower boundaries of retrieval. The ozone concentration
is slightly lower between 20 and 28 km, with a deviation within 3%. There isheneint negative deviation of about 6%

around ~33 km. Overall, the deviation between 17 and 36 korisiedwithin 5%.

regions and southern, northern rfiegh latitudes. In the tropicalegiors within the 1836 km altitude range, the

Fig. 8 shows themean relative differencgsetween the retrievals of this study and OMPS/LP v2.6 in tropical [

deviation is within 5%, showing good consistengtnorthern midhigh latitudesthe difference between 12 and 32 km

reaches 8%, and the difference above 32 km is as highl®8%® with similar deviations in the Arctic region. In the

southern miehigh latitudes, most of the deviations above 18 km are less than 3%, but there téva gesiation of up

= p :controlled

= : comparison

- p :region

= p :Inthe northern

mid-latitude region

to 19% near 15 km. In the Antarctic region, this positive deviattesheg@pproximately 10%around 18 km
The twodataset differ significantly in the upper troposphere and lower stratosphere (UfEg&)n, especially in

|
|
|
|

the tropical region, mainly due to the extremely low ozomecentratiorat this altitudg The large positive deviation at

the upper boundary of retrieval may be caused by the decreased ability of the visible sfzeottteve ozone at high

7 e s R

= p :extends to around 18 kr
- p :profiles
- p : inlow latitudes

)
)

altitudes, while the NASA product uses combined ultraviolet and visible spectrum information for retrieval at thi
altitude. Although there are differences between the retrievals of this study and the OMPS/LP v2.6 produstdh term
ozone absorption cros®ections, prior profiles, aerosol settings, retrieval algorithms, and spéetrayerall consistency

is high.
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Figure 8. Zonal meaiyelative differenceghis study vs. OMPS/LP v2.@crossfive latitudinal bands (6G90N, 40°1 60N, 2035 1
20N, 60°7 405 and 90% 605), with corresponding standard deviations as shaded areas.

4.3 Comparison with MLS

The Earth Observing Systelicrowave Limb Sounder (EGBILS) aboard the Aura satié# was successfully
launched on July 15, 20@¥Vaterset al., 200%. The satellitecompletes abaoyt4 orbits daily, achieving global coverage
between 8235 and 82N. The MLS obtained vertical ozone profiles from the upper troposphere to the middle atmosphe
using the 240 GHz frequency band by detecting naturally emitted microwave thermal radiatiothérdbarth's
atmospheric limb measurements. Detailed descriptions camubd fiy Waters et al. (2006)

20°S~20°N
40

25

I
-1 0 1 2 3

0zone number density (¢

Altitude (km)

90°S~60°S

— Rerieved
----- OMPSILP v2.6

Altitude (km)

0 1 2 3 4 5 6
Ozone number density (cm®) ~ x10"

For validation purposes, this study employs the latest MLS L2 version 5.0 data product (Schwartz et al., 2020), w

T )

data filtering applied in accordamavith the protocols recommended by Livesey et al. (2022). To ensure collocation
quality from the dataset,stringent criteria were enforced: we retained only those data pairs where the geographic
separation between the OMPS/LP and Mb8tprints was within 1°in both latitude and longitude, and the observation

time difference was less than 6 hours. In cases where multiple MLS profiles corresponded to a single OMPS

- p :(a b) Retrievedand
OMPSLP v2.60zonenumber density
profilesaveraged in the tropical regic
andAntarctic. (c)The

measurement, their average was computed and Esedtonsistent compigon with NASA products and ozonesonde

data, the MLS volume mixing ratio (VMR) and pressure were first transformed to number density and altitude, utiIiziT
the MLS geopotential heightndtemperatureThese converted profiles were subsequently interpdlahto the regular

altitude grid of the OMPS retrievals using a spline method.

{— p :areshownin }
- p :operates along }
= p :substantial }

Fig. 9 presents the average profiles and relative differences between the retrieval results of this study and MLS v5.0,

involving approximately 93,000 profiles. The results whinat compared with MLS v5.0, the ozone concentration
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retrieved in this study has a relatively large positive deviatiori 20% below 18 km; the positive deviation above 32
km increasesvith,in altitude;within the 18 35 km height range, theeviation between the twognfinedwithin 5%.

Fig. 10 showsthe meanrelative differences irfive 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 20,00
the northern high latitudes, and around 15,000 in the southern high latitudes. The analysis results reveal that withi
12i 35 km héght range, the zonal average relative differences in each latitude zone are basidatygwithin 10%.
Among them, the northern midgh latitudes exhibit a stable negative deviation icf®6 at 2035 km; the southern
mid-latitudes have a constant positive deviationid% at 18 36 km, whichincreasgto 3 10% in the polar regianthe
tropical regions the diffemces change sign with altitydihe retrieved ozone number density at 2ZB km is 510%
lower than that of MLS, while it isi30% higher in the 286 kmrange. 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 differe
in the tropical region even exceeding 30%, although the absolute difference i@hektiall (see FiglOa).

40

— Mean retreved profile
——=Mean MLS v5.0 profile

Altitude (km)
Altitude (km)

% i ;i . ; s
0 1 2 3 4 5 S50 <40 30 20 <10 0 10 20 30 40 50
Relative difference (%)

(b)

Ozone number density (cm™)

@

Figure 9. (a) Annual mean ozone number density profiles from this study and MLS v5.0, accompanied by standard deviations (shal

areas). (bJThe corresponding annualean relativedifferences calculated pairwise for each collocated measurement using ,Eq. (7)

with the standard deviation shown as a dashedJine.
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Figure 10, Zonalmeanrelative differencesthis study vs. MLS v5.Qacrosdfive latitudinal band$60% 90N, 40°7 60N, 205 120N, |
60° 405 and 90°% 603), with corresponding standard deviations as shaded areas.
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- p
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_

: further expand

: The tropical region

characteristics

= p :The corresponding
annual mean relative differences,
accompanied by standard deviations

(dashed lines)

20°S~20°N

Ozone number a?smv_mi

- p : (a)RetrievedandMLS
v5.00zonenumber density profifﬂL

- p :are shownin

(S

p :controlled
= p :Analyzing the difference
characteristics from low to high

- p :the tropical UTLS regiol
which may be caused by factor,

1

Fig. 11 presents the variation of relative differences between retrieval profiles within 1°atitude bins and MLS zonT

averages with altitude, covering three time periods. They&dl 2021 data shown in Figilaindicate that within the
20-35 km altitude rage, differences across all latitudes are basigailyfined within #10%. The altitudedependent
behavior of the retrieval bé@s can be summarizeds follows.In the tropical UTLS region, oscillating differences
exceeding 30% are observed, whimay be attributed to several factpthe highly dynamic variability of pzone|
concentration,fhe limited detection sensitivityat the lowest retrieval altitudethe influence of cloud filtering:
Furthermorg theinherentlylow ozane abundangén this regionexacerbates retrieval uncertainfiésdistinct negative
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= p :changesin }
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bias in retrieved ozone values is evident &t23km in the tropics, particularly pronounced during winter (Fig. 11c).

Conversely, a positive bias is observed over Antarctica, possibly linked to biases in surface albedo retrieval at high
southern latitudes during polar winter. Above 35 km, the retrievals exhibit a positive bias in the tropics. This altitude
range coincidesvith the transition zone between ultraviolet and visible spectral windows, where inconsistencies in the

merging of data from these two spectral regions may contribute to the observed discrgpancies.
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Figure 11. Relative differences in ozone number density, averaged over 1°atitude bins and plotted as a function of altitudbefor (a) t

[
v Latitude (°)

= p :In the tropical region,
there is a decreasing trend inrieted
ozone valueat 2623 km altitude,
which is particularly significant in
winter (see Fig. 11c); while higher
values are observed in tAatarctic
region, which may be related to albe
retrieval deviations at polar latitudes
winter. Above 35 km,atrievalsin the
tropical region are larger, and this
interval corresponds to the overlappi

area of ultraviolet and visible spectre

entire year of 2021, (b) the boreal summer months (dugeist), and (c) December.

In summary, the comparative analysis of this study shows that the effectiveness of OMPS retrieval varies acr,
different regions and altitudes: theecuracyin tropical regions is concentrated in the-Z® km altitude range; in
mid-latitude regions, good consistency is also observed below 15 km. Nevertheless, in some atmospheric regions

= p :windows, where the
merging of data from the two may

cause inconsistent results.

under different seasonal conditions, the relative deviation may still exceed 10% compared with MLS data.

4.4 Comparison with OSIRIS

In February 2001, theDSIRIS instrument was launched aboard the Odin satellite into a nearly circular
suntsynchronous orbifLlewellyn et al., 2004) The orbit has an altitude of approximately 600 km, an orbital period of 96
minutes, an inclination of 97.87 and covers an olvsdional latitude range from 823 to 82N. The satellite's ascending
node crosses the equator at approximately 18:00 local time. Detailed descriptions of the instrument can be found
Llewellyn et al., (2004) Degenstein et a(2009)used the MART to reieve ozone profiles in the altitude range from 10
km or cloud top to 60 km, with the retrieval algorithm integrating radiation information from the UV and VIS bands. In
this study, the version of OSIRIS L2 v7.3 déthiversity of Saskatchewa02§ is used for verification.

Owing to the sparsity of coincident OSIRIS measurements, a relaxed collocation criterion was adopted. Data pairs
were considered matched if the geographical distance between the instrument footprints was within 2°in latitude and 5°
in longitude, and the time difference was within 24 hours. When multiple OMPS/LP profiles corresponded to a single

OSIRIS observation, their average was u3edunify the data format, the ozone concentration unit (mol/mp of OSIRIS
profiles is converted toumber density (/cmp

Fig. 12 shows the average profiles and relative differences between the retrieval results of this study and OSIRIS
v7.3, involving approximately 44,000 profiles. The results indicate that compared with OSIRIS v7.3, the ozone

concentation retrieved in this study has a relatively large positive deviation-8428below 18 km; above 35 km, the
positive deviation increases with increasing altitude; in th&2&m altitude range, except near 23 km, most of the {

deviations between the bnareconfinegwithin 5%.

- p :effectiveness }
by

p :controlled }
- p :average profiles in the

Fig. 13 further compares th@eagrelative differences of the five latitude zones, with shaded areas indicating the tropics and southern high latitudes,
standard deviations. In terms of data sample size, there are approximately 17,000 profiles in the tropical region, al well as

10,000 in the northern high latitudes, and around@, the southern high latitudes. The analysis shows that the{

- f

. the }
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northern mighigh latitudes have a significant negative deviation-&8% at 2125 km altitude, which is more prominent
in polar regions; the difference in the southern-fatitudes at 2686 km altitude is less than 4%, and the consistency in
the Antarctic region at 235 km altitude is better than 2.5%; most of the deviations in the tropical regior3ét i26
altitude are within 2%. In addition, the differences in the region below 20 ksigmificant, with the relative difference
in the tropical region exceeding 50% and reaching 30% at 13 km in the southdatitmite zone.
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Figure 12. (a) Annual mean ozone number density profiles from this study and OSIRIS v7.3, accompanied by standard deviations

(shaded areas); (Bhe corresponding annualean relative differences calculated pairwise for each collocated measurement using Eq.

(7), with the standard deviation shown as a dasheq line.

= p :The corresponding
annual mean relative differences,
accompanied by standard deviations

(dashed lines).
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Figure 13. Zonal mean relative differees(this study vs. OSIRIS v7.3pr five latitudinal band$60° 90N, 40°1 60N, 205 i 20N,
60° 405 and 90 60%5) ; standard deviations as shaded areas.

4.5 Comparison with ozonesondes

To robustly validate the retrieved ozone concentrations at altitudes below 30 km, this study employs a compara
analysis with ozonesonde measurements. The sonde databtegreed from the World Ozone and Ultraviolet Radiation
Data Centre (WOUDC) and the Southern Hemisphere Additional Ozonesondes (SHADOZ) network (Thompson et

20°S~20°N

Altitude (km)

Ozone number density (c!

90°S~60°S

—Retrieved
-~~~ OSIRIRS v7.3

Altitude (km)
S
B

20

0Ozone number density (cm™) x10"2

2007). Accounting for the sparse spatial distribution of ozonesonde stations, a relaxedti@ollogterion was [

T )

implemented: an OMPS/LP measurement was considered a match if it fell within $5°latitude and #10°longitude of a( _

sonde station and occurred within £12 hours of its launch. For each ozonesonde profile, all collocated OMPS/
retrievals vere averaged to form a single comparative data point.
In quantitative comparisons, to align the vertical resolution of ozonesonde data with that of OMPS data, a mov

p :(a, b) Annual mean
ozone number density profiles (this
study vs. MLS v5.0) for the tropics a
Antarctic, respectively(c)

average filtering method is used for dimensionality reduction of ozonesonde datspéldific procedure begins with
defining the window size of the moving average filter:
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where, Y&  and Y& represent the low vertical resolution of OMPS data and the high vertical resolution of
ozonesonde data, respectively.
Filtering is appliedd the original ozonesonde dase  to obtain the dimensionaliseduced datas , which
is expressed as:
@ a —B ® a 9)

where & denotes the altitude, an@® represents the layer index.

In addition, another processing approach involves convolving ozonesonde measurements with the averaging kernels

(AKs) retrieved from OMPS/LP v2.6 (sé&0SiO et al., (2018¥or details). Taking the Alert station (82.5N, 62.4W) as

an example, Figl4 presnts the comparison results between the ozonestedeand thecollocatedOMPS average
profile on September 15, 2021. It is found that there are differences in the dimensimualitgd ozonesonde data
obtained by the two methodBhe data curve proceskby convolution with averaging kernels is smoother and its shape
is closer to the OMPS product; while the data processed by moving aVittexgestains more original features with a
sharper curve. After comprehensive consideration, the moving avidtages finally adopted for data processing in this
study.

—— Original ozonesound profile
\ Low resolution ozonesound profile by moving average filter
. |~ Low resolution ozonesound profile by AKs convolution

30 &/~ - - Mean OMPS/LP v2.6 profile

N
o

Altitude (km)

)
S

0 1 2 3 4 5
Ozone number density (cm'3) x10"2

Figure 14 Ozonesonde data and OMB@Iocatedaverage profile at Alert station on September 15, 2021
Fig. 15 presents the annual average collocated profiles and their relative differences. The left side of the fig

indicatesthe number of valid collocations at each altitude, with the total sample size amounting to approximately l4t{

This study inclded data from 41 ozonesonde stations, involving over 1700 individual préfigggnificant positive bias

of 10/ 15% is observed in the retrievals compared to ozonesonde data below 18 km, while the deviation generally stays

within 10% across the 130 km datitude range.
Fig. 16 presents themean relative differences across five latitude zpbe number of available collocatioimsthe

tropical and Antarctic regions is approximately 200 andré&Spectively. Specifically, the tropical region shows good

consistency above 20 km, with most relativifedences within #% between 28nd30 km. The southern milhtitude
region also exhibits high consistency, with positive biases generally less than 5% above 20 km, buely tetgyv
positive bias of about 19% near 15 km. In the Antarctic region, the bias is less than 2% above 25 km, while signific
differences occur below 25 km, with a positive bias as high as 21% at 19 km. The northéatitudiel zone has a bias

of lessthan 5% below 21 km, but a constant negative biasi% between 228 km, and this negative biasemore
pronounced in the Arctic region.

'{— p :Figure }
p :denotes }
= p : average collocated

profiles in the tropical and Antarctic
regions, as well as the relative
differences across five latitude zone:
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= p : The left side of the
figure indicates that the number of
available collocations in theopical
and Antarctic regions is approximate
200 and 75, respectively
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Figure 15.(a) Annual mean collocated ozone number density profiles from this study and ozonesonde measurements, accompanied by

standard deviations (shaded areas).Mban relative differences calculated pairwise for each collocated measurement using Eq. (7),

with the standard deviation shown as a dashed line
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Figure 16,Zonal mean relative differencésis study vs. ozonesonddey five latitudinal bands (6090N, 40°7 60N, 205 i 20N,
60° 405 and 90°% 603) ; standard deviations as shaded areas.

5. Conclusions

This studyinnovatively applies the ozone profile retrieval methattiginally developed at the University of
Saskatchewan for OSIRIS measurements and based on wavelength pairing and the tARTPS/LP observations.

After processing and analyzing the 2021 annual OMP 2.6 L1G data, observations with the instrument's central slit

and solar zenith angle less than &&ére selectedand ozone profiles between 12a6d 39.5 kmwere retrieved. A
comprehensive mutilimensional validation was conducted.

Comparison withtte NASAL?2 v2.6 official product shows that the overall consistency is gmodsdatitude zone
at 2036 km, with most differences within $5%1owever,differences near 33 kmn the northern midatitudes and polar
regions reaclup t010% Below 20 km,0zoneconcentratios arerelatively highin the Antarctic ozone pealkegion with
apronouncegositive bias eound15 km intropical and southern milatitude zones.

Validation againstMLS v5.0 and OSIRIS v7.3 ozone profilesas well asozonesonde dat&tom SHADOZ and
WOUDC, indicates thatelative differences with MLS are mostly within £10% betweeri 38 km, except for significant
discrepancies in the tropical UTLS regi@omparedo OSIRIS v7.3a negative bia®f 13-18% occurs a0-25 kmin
northernmid-high latitudes, while positive biasegseach 18%at 18 kmover Antarctic andexceed 20% a15 km in
southern midatitudes with more pronounced deviations the tropis. Relative to ozonesonde datdifferences in

17

= p :The corresponding
annual mean relative differences,
accompanied by standadeéviations

(dashed lines).
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tropical and southern miatituderegiors at 2030 kmremainwithin #%, whereadlifferencesof 11-15% are observed [— p - }

at 2625 kmin northern midhigh latitude. Consistency is good below 20 km in northern +laittudes, but positive
biases reach 21% at 18 km over Antarctica and 19% at 16 kouthern midatitudes.

Overall, compared with the reference products, the retrieved ozone concesiratioastudyexhibit biasesmostly
within 5% between 2&nd35 km A negative bias 06-10% is observed at 2@5 kmin northernmid-high latitudes,
particularly in the ArcticRetrieved values are about 10% higher at the altitude of the Antarctic ozone concentration peg
10i 15% higher at 15 km in southern matitudes, and over 30% higher below 20 km in the tropics.

The identified biases mainlgriginatefrom three factorsBelow 20 km, clouceffectsremainnonnegligible Even
after excludingcloud-affected radiancegetrievas of loweraltitude ozone profile are still constraired by the initial
profile, as no iterative update is applied beltve detected cloud top height. Consequently, ozone abundances abov

cloud tops are overestimated by more than 25%. These discrepancies are further exacerbated by low ozone abung

strong dynamical variability in the tropics, and the reduced sensitfitimb retrievals at lower altitudes, while

inconsistencies between the background aerosols used in retrievals and real atmospheric conditions also contribute

overestimation of ozone abundances above 35 km across all latitudes results from éldeskmgitivity of the visible

spectrum for higfaltitude ozone retrievals, in contrast to the operational product that employs combined ultraviolet al
visible spectral information.
Based on these findings, several priorities for folawresearch aréentified. First, integrating operational aerosol

extinction products from NASA will be essential to replace the current climatological approach and reduce systema
biases in the UTLS region. Second, including ultraviolet channels will improve retdevat ur a c y
visible-only measurements have low sensitivity. Third, refining cloud filtering will better constrain lower altitude

above

retrievals. Finally, the consistent retrieval core shared with OSIRIS lays a solid technical foundatiomsfarcting
long-term, coherent stratospheric ozone records, thereby minimizing discrepancies igateliite data merging and
supporting climate studies that require stable, rudtadal observational recotds.

Data availability

Ancillary information and v2.6 L1G OMRBP data were downloaded frommttps://disc.gsfc.nasa.gov/datasets

(NASA, 202%), where L2 data are also available. For the validation sections, MLS L2 data were also taken from htty
/ldisc.gsfc.nasa.gov/datasets(Schwartz, et al, 2020. OSIRIS v7.3
https://researclgroups.usask.ca/osiris/dgteoducts.php (University of Saskatchewan, 2025WOUDC data were
downloaded on 10 April 2025 from https://woudc.org/data/explore.php. A list of all contributors is available on th
following website: https: //woudc.org/contributors/. SHADOZ data were downloaded on 21 April 2025 from
https://tropo.gsfmasa.gov/shadoz/Archiveltml (NASA, 2025).

data were taken from
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= p :and the adjustment fact:
above clouds, lefing to ozone
concentrations more @n 25% higher
above cloud topsnaccurate prior
profiles in the midto low latitude
regions introduce retrieval biases
exceeding 20%, while low ozone
abundance, strong dynamical
variability in the tropics, and reducec
sensitivity of limb retrievals further
exacerbateliscrepancies. Additionally
differences between the background
aerosols used iretrievals and real
atmosphericonditions also contributt
The elevated concentrations above .
km across latituel zones rasdt from
the limitedcapability of visible spectri
for high-altitude ozone, retrieval,
unlike the official product, which use
combined ultravioleand visible

spectra.

= p :Based orerror analysis,
follow-up researchvill focus on
optimizing the retrieval algorithm,
adoping morerealisticprior profiles,
andconstraining the retrieval altitude
to cloudtop heightEfforts will also be
directed toward deriving aerosol
profiles from limb radiance
measurements to improve the forwa
model. Thisstudy successfully
demonstrates the feasibility of
applying the wavelength pairing and
MART technique to OMPS/LP ozone
profile retrieval, laying a solid
technical foundation for broader
application of this approach. It also
underscores the importance of
consistent retrieval settings for
constructing longerm, coherent
stratospheric ozone datasets and

minimizing discrepancies in

multi-satellite data merging..
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