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Abstract. Atmospheric S@ has a significant impact on the urban environment and on global climate. Remote sensing
10 provides an unprecedented tool for the continuous andineaimonitoring of atmospheric S&om volcanic eruptions and
anthropogenic emissions. The Ozone MonitoriBgite (OMS) onboard the Chinese FENGY3R (FY-3F) satellite
launched in August 2023 is a new hyperspectrak\U8 instrument in the F¥3 family of satellites, aiming to obtain
information about atmospheric trace gases. In this study, we use the OMS(QIEtBN) top-of-atmosphere (TOA)
measurements and Differential Optical Absorption Spectroscopy (DOAS) inversion to for the first time gioliev80;
15 columns from these measuremerased on the characteristics of the OMS instrument and the perfarrokiis L1 data,
specific schemes including solar spectrum selection, spectral soft calibration, and background offset correction were
developed to effectively reduce aletrgck stripes and acrossck asymmetry found in the initial OMS $@trievals.The
accuracy of FY3F/OMS SQ retrievals was evaluated by comparing them with the DOAS and COvaBasesl Retrieval
Algorithm (COBRA) SQ products from the TROPOspheric Monitoring Instrument (TROPOMI) onboard Copernicus
20 Sentinel5 Precursor (SentinélP) over three typical areas: clean oceanic regions, volcanic eruption regions, and
anthropogenic emission regions. The results indicate that the OM&8i@valsexhibit good stability over clean oceanic
regions, successfully capture volcanic.Sflumes, ad effectively detect the elevated SE&lumns from anthropogenic
emissions in regions such as the Middle East, Eastern India, and Northern Russia. Air mass factor (AMF) uncertainty
remains the primary error source of this first version of OMS r@@ievds. This study is the first to present S@trievals

25 from FY3F/ OMS observations, which is crucial ofetrievalm comprehensive understandin

1 Introduction

Sulfur dioxide (SQ) is a shoHived trace gas in the atmospheretth#ects regional air quality and global climate change.
SO is primarily released by anthropogenic activities (e.g., smelting of sulfur ore, combustion of coal, the oil and gas
industry, emissions of motor vehicles) and natural phenomena (e.g., vaoahitological processefyinlaysonPitts and

30 Pitts Jr, 1999; Cullis and Hirschler, 1980; Seinfeld and Pandis, 280B)njection from a volcanic eruption can reach up to
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the upper troposphere/lower stratosphere, not only affecting global climatesbyicaling a threat to aviation, along with
volcanic ash. Through reaction with hydroxide and water, atmosphesic&Che rapidly converted into sulfate aerosols.
These aerosols both scatter and absorb solar and terrestrial radiation, affecting then ragliance of the atmosphere
(cooling or warming effectfTwomey, 1977) Sulfate particlesormedfrom anthropogenic S{emissions not only influence
atmospheric visibility in the boundary layer but also contribute to acid rain which in turn damages ecosystems.

Satellite remote sensing offers the advantages of near global coverageéershqueriodic observation capab#is, and
continuous spatial coverage. Due to the strong absorption characteristicsinftB®ultraviolet (UV) spectrum, especially

in the 306400 nm wavelength range, atmospheric, $@ormation can be obtained from the reflected TOA radiance
spectrum.Since the first Uvbased satellite observation of large amounts of f&fn the El Chichd volcanic eruption in

1982 by TOMS(Krueger, 1983)hyperspectral UV satellite instruments have been used to quantitatively monitor the spatial
and temporal distribidn of SQ concentrations and diffusion trends before and after volcanic eruptions. This compensates
for the limitations of groundbased measurements, such as the high cost of desise @bservation networks and instrument
maintenancéKrueger, 1983; Qa et al., 2005; Carn et al., 2007; Carn et al., 2009)

With the launch of a series of hyperspectral UV detection instruments, including the Global Ozone Monitoring Experiment
(GOME) (Burrows et al., 1999; Khokhar et al., 2005; Eisinger and Burrows, 1888)Scanning Imaging Absorption
Spectrometer for Atmospheric Cartography (SCIAMACH¥®@pttwald and Bovensmann, 2010; Richter et al., 2006

Ozone Monitoring Instrument (OM(Levelt et al., 2006)the Global Ozone Monitoring Experimea{ GOME-2) (Heue et

al., 2010; Munro et al., 2006; Richter, 2008)e Ozone Mapping and Profiler Suite (OMR®ang et al., 2013; Flynn et al.,
2006) TROPOMI (Theys et al., 2019; Voors et al.,, 2017; Veefkind et al., 20a8) the Environmental Trace Gas
Monitoring Ingrument (EMI) (Chen et al., 2021; Zhao et al., 2020; Yan et al., 2024tellite detection has been widely
applied to monitor global SOvariations and to support research on climate change, atmospheric chemistry, and the
atmospheric environment.

FY3F/OMSis a newly launched Chinese WS hyperspectrasensorthat provides global observations with 7 kn7 km

spatial resolution at nadir and a morning overpass time. For a thorough understanding of the QS8 this study
presents OMS Sfretrievalsby using the OMS measurements and DOAS inversion, and compares them with TROPOMI
DOAS and TROPOMI COBRA SOproducts over clean oceanic regions, volcanic eruption regions, and anthropogenic
emission regions. This paper is organized as follows. Sectiame® g brief introduction to the FY3F/OMS instrument.
Section 3 describes the detailed procedures used to retrieve tlel8@ns from FY3F/OMS observations, including solar
spectrum selection, spectral soft calibration, Sl@nt column density (SCD) retval, background offset correction, and the
simplified approach for AMF calculation used. Section 4 provides the OMS&@mn results, followed by comparisons

with the TROPOMI DOAS and TROPOMI COBRA $@roducts. Section 5 discusses error sources o8 @@ retrievals,
including the instrumentelated errors anBOAS SCD spectral fitting errors in OMS0, SCD retrievals, errors introduced

by the simplified AMF approach taken, and the residual errors after background offset correction. The last section

summarizes the main results and offers conclusions, along with suggestions for future improvements.
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2 The FY3F/OMS Instrument

The FY-3 F satellite, the 21st in China’s FengYun series,
synchromus orbit at an altitude of 836 km, with a descending node equatorial overpass time of 10:00 AM. Equipped with 10
advanced atmospheric instruments, -B¥ is designed to provide higjuality data for weather forecasting, climate
monitoring, and environmeriteesearch, contributing significantly to global meteorological and environmental observations.
The Ozone Monitoring Suite (OMS) onboard BF satellite is a new instrument in the-B¥Yfamily of satellites. It has two
observation modes: Nadir (OM$) and Limb (OMS-L) (Wang et al., 2024)While OMSL provides information on the

vertical distribution of @ OMSN is mainly used t@btaincolumn information on trace gases such agsNiD,, SG, and

HCHO, and aerosols, as well as vertical profiles f@MSN operates using a puditoom observation technique to obtain

daily global measurements, with a wide Field of View (FOV) of°1t®vering three spectral bands: UV1 (Z5ID nm),

UV2 (300320 nm), and VIS (30493 nm). To enhance the sigiteinoise ratio (8IR) of the original detector rows, sets of

16 pixels are averaged to yield 58 spatial rows in the UV1 band, and four pixels are averaged to acquire 238 spatial rows in
the UV2 and VIS bands, respectivgliyang et al., 2024)The OMSN VIS band (307493 nm)was used for the retrieval of

OMS SQ columns in this study. It has a high spatial resolution of 7 km x 7 km at the nadir point, with a spectral resolution
of 0.50.6 nm (Table 1). FY3F/OMS

http://data.nsmc.org.cnéddaPortal/en/home/index.html

data can be downloaded from the website

Tablel. The main characteristics of the FY3F/OMSN instrument

wa s

Parameter

Nadir column measurement Nadir profile measurement

Spectral range

Spectral resolution
Spectral accuracy

Spatial resolution at nadir poin

Atmospherigproducts

Field of view
Orbit observation
Orbit altitude
Equator crossing time
Duty Cycle
Revisit Time:

UV1:250~300nm
UV2: 300~320nm

VIS: 307~493nm

0.5~0.6nm UV1: ~1.0nm
Uv2: ~0.5nm
0.01nm 0.05nm
UV1: 21 km x 28 km
7 km x 7 km
UV2: 7 km x 7 km
Oz, NO2, SO, HCHO, AOD, .
. Oz profile
cloudfraction and pressure
112°
polar sun synchronous morning orbit
836 km
10:00 AM
Daytime only
24 hours

successfully

l aunch



85 3 S0z column retrievals from FY3F/OMS

The SQ retrieval from FY3F/OMS mainly involvethe following steps(l) Firstly, the OMSN L1 earth radiance is
normalized to the EartBun distance of 1AU, while the solar irradiance is obtained by convolving the Total and Spectral
Solar Irradiance Sensor (TSIS) Hybrid Solar Reference Spectrum (HER&Jington et al., 2021(See section 3.1 for
more information) with the Instrument Spectral Response Function (ISRF) ofNDNES Secondly, the 31326 nm region

90 is chosen as the retrieval fitting window of the OMS; 8@umn.(3) Thirdly, spectral soft calibration is performed using the
absorption peaks and valleys of the solar reference specttuffourthly, the cross sections of $&nd Q in 312326 nm
are convolved with the ISRES) Fifthly, the Ring spectrum is calculateding the SCIATRAN Radiative Transfer Model
(Rozanov et al., 2005§6) Sixthly, SQ, Oz and Ring crossections together with a thiatder polynomial are used in the
DOAS fitting process to obtain the SCD of OMS :S(O) Seventhly, the AMF is applied tceg vertical column density

95 (VCD). (8) Finally, a specific correction scheme for OMS background offset is applied to effectively reducéradéng
stripes and acrogsack asymmetries in the initial OMS gSQ@etrievals. It should be noted that, due to therent
unavailability of synchronized and reliable OMS cloud and aerosol products, the effects of clouds and aerosol on SO
retrievals were not considered in this study. For the OMgSpB@luct, it is recommended to use retrieval results with a solar

zenit angle smaller than 705 nearadir and cloudree pixels.

100 3.1Solar irradiance

Using the satellite measured solar irradiance for the DOASr&@eval can effectively reduce instrumestated errors.
However, due to the degradation and fumiformity of the diffuser plate of OMS, the OMS L1 irradiance measurements
experienced increasing errors after launch, especially in the shortwave UV region (for more information see section 5.1).
Therefore, in this study the TSIS HSRS hybrid solar reference spe@@uaidington et al., 202dyas used for OMS SO

105 retrievals instead of OMS daily measured solar irradiance. The TSIS HSRS hybrid solar reference spectrum was developed
by normalizing high spectral resolution solar datasets to the absolute irradiancef gb@leT8IS1 Spectral Irradiance
Monitor (SIM) and the CubeSat Compact SIM (CSIM). The high spectral resolution solar data are sourced from the Air
Force Geophysical Laboratory (AFGL) ultraviolet solar irradiance balloon observations, the -besend Quaty
Assurance of Spectral Ultraviolet Measurements in Europe Fourier Transform Spectrometer (QASUMEFTS) solar irradiance

110 observations, the Kitt Peak National Observatory (KPNO) solar transmittance atlas, and thengieizal Solar Pseudo
Transmittance Sgrtrum (SPTS) atlas. The TSISHSRS spans 262730 nm at 0.01 t§0.001 nm spectral resolution with
uncertainties of 0.3% between 460 and 2365 nm and 1.3% at wavelengths outside tH{&addiggton et al., 2021)
The TSIS HSRS hybrid solar referengestrum was convolved with the OMEISRF to match the spectral characteristics

of OMS radiance. The FY3F/OMS ISRF was determined using tunable laser scanning with a step size of 0.02 nm,

4
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providing the relative response of each detector pixel on thégta®e arrays to monochromatic illuminatipvang et al.,

2024) It varies in both the spectral and spatial dimensions of the two large array detectors. The shape of the FK3F/OMS
ISRF exhibits a flat top in the central peaks because -DIMSopts a steoscopic slit observation modé/ang et al., 2024)

The TSIS HSRS hybrid solar reference spectrum provides high accuracy solar irradiances, but as it was not measured with
the OMSN instrument, any calibration issues in the radiances do not cancel XOIA8 retrieval. Therefore, its use may

lead to systematic overestimation or underestimation in the retrieve@¢difnns, as well as aloftgack stripes, which

cannot be fully corrected through pgsbcessing algorithms.

3.2 Spectral soft calibration

Before the DOAS fitting retrieval, spectral soft calibration was applied to the FY3F/OMS radiance data. Spectral soft
calibration can correct wavelength shifts caused by factors such as instrument drift, temperature fluctuations, radiation
effects, and nonlirer effects, using known absorption features to adjust the initial L1 data. The spectral soft calibration
process ensures the accuracy and consistency of the OMS radiances, which is essential for agaetaty&@@nd for
minimizing the impact of califation errors on the SQetrieval.

The spectral soft calibration is performed using the peaks and valleys of the TSIS HSRS hybrid solar reference spectrum
(Van Geffen and Van Oss, 2003; Coddington et al., 20”1¢ detailed process includes: 1) Selectime highresolution

hybrid solar reference spectrui@oddington et al., 2021jand convolving the reference spectrum with the slit function of

the FY3F/OMS instrument; 2) Fitting the ratio of the solar reference spectrum to the observed radiance wjibcrion

order polynomial to enhance the observed radiance spectrum; 3) For each observed radiance spectrum fittite SO
window, Gaussian pedinding is performed to match the peak position of a set of Fraunhofer lines with their corresponding
wavelengths. A leastquares method is used to fit the spectral line wavelengths and the peak position number data with a
third-order polynomial, generating a spectral calibration equation for each observed pixel. Then the spectral soft calibration

of the FY3F/OMS radiancé, realized by using the above spectral calibration equation. [— p

. was

3.3DOAS SCD retrieval
3.3.1SC; fitting window

The selection of the retrieval fitting window is crucial for the accuracy of OMSr&@evals, which significantly affect
OMS capability in monitoring S&from volcanic and anthropogenic sourcessiAtablefitting window helps to reduce the
impact of interfering gases ) to enhance the SGnformation content in the satellite sigreahd to obtain reliable SO

results. In this study, the 3326 nm fitting windowwag chosen for the Sfretrieval from OMS observations. This is

roi( ) TimesNewRoman(T ) TimesNew }

mainly based on the following considerations: [_

T is

)

(1) Firstly, in the wavelength range 3380 nm, although Sthas stronger absorption at shorter wavelendtits {) which
would make it preferable, satellite measurements at shorter wavelengths hev&MR, and in the case of volcanic:SO
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emission, the TOA reflected radiances are prone to saturation which leads to underestimation of voicatiergfore, it

is not appropriate to select the fitting window with the strongestaB&brption for Seretrieval.

(2) Secondly, longer UV wavelengths, due to the weaker absorption:pfe3@ to introduce more noise into the retrieval of

the SQ column. This is because the weaker absorption may make it more difficult to accurately distinguish. the SO
absorpion information from background noise and interference gdl@3orption, especially in the case of low.8@issions

from anthropogenic sources.

(3) Thirdly, selecting the 31326 nm fitting window makes the OMS S@roduct consistent with the widely used
TROPOMI SQ product(Theys et al., 2017)However, in this study, we did not adopt a strategy with multiple fitting
windows for different S@concentration conditions as is used in the TROPOMI product.

(4) Finally, in order to demonstrate the advantage of the®Bnm fitting window for OMS Sg@retrievals, comparisons

were conducted between Strievals from different fitting windows over the Sundhnikur volcano and its surrounding
clean region for August 23, 202Figs. 2, 3, and4). Note that negative values often appear in 8frievals, and small
negative values can indicate low S@missions in clean areas. In this study, alb $&rievals greater thafi0 DU are
selected for comparison to exclude obvious outlieh& detailsof the comparisonare described below.

The main fitting windows and retrieval algorithms used in the literature for&fevals based on ultraviolet ppgrspectral
satellite measurements are listed in Table 2. The OMScBlDmns retrieved using these different fitting windows are
shown inFigs. 2, 3, and4. Note that due to the DOAS algorithm generally using a continuous UV fitting window for SO
retrieval, the OMS Sgresults from BRD four discrete wavelengths (310.8, 311.9, 313.2, and 314.4 nm) at absorption peak
and valley(Krotkov et al., 2006@re not included in this study. It also should be noted that, since the OMS VIS spectral band
starts from 307 nm and the OMS UV2 spectral range from 300 nm to 320 nm requires further calibration38%r800

fitting window used by the EISF algorithm was not tested in this section.

As shown inFigs.2 and3, the retrieval results of S@olumns from the 31827 nm, 325335 nm, 366390 nm, 317.8333

nm, and 315326 nm fitting windows are first excluded due to the large errors observed in the clean regions (e.g., OMS
crosstrack positions 4150). The retrieval results from the 3@33 nm ftting window are also excluded because the results
are relatively lower in the volcanic region than those from the other fitting windows. Finally, according to the retrieval
results of S@columns inFig. 4, the retrieval results from the 3126 nm and 312330 nm fitting windows show higher

and similar values in the volcanic region. Additionally, in the clean regions {gexspositions 450), both 312326 nm

and 312330 nm fitting windows exhibit lower and similar standard deviations and mean values. Therefore, considering all
the above reasons atalbe consistent with the TROPOMI DOAS S@oduct, the 31:2326 nm fitting window was selected

for OMS SQ retrieval in this study.
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Figure 1: Absorption cross sectios of SOz and Oz in the wavelength range 316330nm (Bogumil et al., 2003)

Table 2. Retrieval algorithmsand fitting windows used for SQ retrieval from UV -VIS hyperspectral satellite

measurements
Instruments Retrieval algorithms Fitting windows
SCIAMACHY DOAS 315-327 nm(Platt and Stutz, 2008; Richter et al., 2006
Principal Component Analysis .
310.5-340 nm(Li et al., 2013)

(PCA)

Iterative Spectral Fitting (ISF) 317.8-333 nm(Yang et al., 2009)
oMl
Extended lterative Spectral
. 300-335 nm(Yang et al., 2010)
Fitting (EISF)
. . Four discrete wavelengths (310.8, 311.9, 313.2, and 3]
Band Residual Difference (BRD
nm) (Krotkov et al.,2006)
Optimal Estimation (OE) 312-330 nm(Nowlan et al., 2011)
GOME-2
DOAS 3153 2 6 (Fioletov et al., 2013)
OMPS Iterative Spectral Fitting (ISF) 308-333 nm(Yang et al., 2013)
312-326 nm, 325335 nm, and 36890 nm(Theys et al.,
DOAS
2017)
TROPOMI

COBRA 310.5-326 nm(Theys et al., 2021)
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3.3.2The Ring effect [ 1)
( T u1.69d

o U U JC U U L)

The Ring effect refers to the phenomenon that the Fraunhofer lines present in the solar spectrum from absorption in the

amosphere by elements such as potassium and calcium a

Raman sattering of N and Q molecules in the atmosphere, which redistributes photon energy and leads to thanfidfing 330 nm, respectively.

- P : For CrossTrack positions1i 150, the standard
deviations and mean values of SQretrievals are 0.08 DU and
0.04 DU for the312 326 nmwindow, 0.09 DU and-0.03 DU for

atmosphergGrainger and Ring, 1962or the Ring effect in satellisbserved spectra, the primary source is the rotational | 3103326 nm, 0.10 DU and0.10 DU for310.5 340nm, 0.09 DU
pherg g g, ¥ 9 pectra, the primary and-0.04 DU for 308333 nm, and 0.09 DU and 0.06 DU for 312

Fraunhofer and atmospheric absorption lig8®ris and Evans, 1999; Fish and Jones, 1995; Chance and Spurr, 1997;
Vountas et al., 1998)For OMS SQ column retrievals using the DOAS method, the Ring effect is an important factor

10
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influencing the accuracy of retrieval results due to the strong Ring spectrum in the UV wavelengffida)dTaking the

OMS 20240823_1036 orbit as an example, after including the Ring spectrum into the DOAS retrieval, the spectral fitting
residual RMSE for most OMS pixels decreases by approxiyn@t@04 to 0.01.

In this study, during the OMS S@OAS retrieval, the Ring effect is considered as a psabdorption effect, and the Ring
spectrum calculated using the SCIATRAN radiative transfer m@tetanov et al., 20053 included as a pseuddbsorber

in the spectral fitting process, as shown in Equation (1).

T £ 1 3#$ £ 1 3#$ A 1 # 01 %l (Eq.1)
Where) 1 and&1 are the satellitebserved radiancend the solar reference spectrum convolved with the OMS ISRF,
SZA is the Solar Zenith Angld, 1} andA 1 are the absorption crosection of S@and Q,3 # $ and3 # $ are
the slant column density of S@ind Q, A 1 is the Ring spectrum calated using the SCIATRAN model and
convolved with the OMS ISRE is the Ring absorption coefficient determined by the fitthg, is a loworder
polynomial, and%1 is the error term. Note that in this study the SCIATRAN Ring spectrum for typicalsptradc
conditions and observational geomet8ZA=3C, Viewing Zenith Angle (VZA¥0°, Relative Azimuth Angle (RAA30°,
surface reflectance (AS(.05, surface height above sea level (HS) (also referred to as terrain height)=0 km, ozone
column=275 DU¢learsky) is used in the DOAS fitting for all OMS measurements, without considering the variations of the

Ring spectrum due to different atmospheric conditions and viewing geometries.

0.25 T T T T T |
——No convolution, wavelength step=0.2nm
— Convolved with OMS nadir ISRF function

0.2+ 1
=
(2]
L 015
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2
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Figure 5: Ring spectrum calculated with the SCIATRAN model,convolved with the OMS ISRF.SCIATRAN forward settings are
SZA=30; VZA=0; RAA=05 Surface alb edo=0.05, Ozone column=5DU, Clear sky.
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3.3.3Spectral fitting

The retrieval of the FY3F/OMSGO; SCD is primarily based otle classical DOAS theoiPPlatt and Stutz, 2008t utilizes
BeerLambert’s law and the satellite hyperspectra$®SCbdi ance
along the entire photon path. First, the absorption eesson 0fSO, andOs, measured under specific laboratory conditions

with a higher spectral resolution and different sampling points than those of OMS observations, are convolved with the OMS
ISRF to match the spectral resolution of the OMS instrument. Secondly, agnospRtinction is divided into two
components: a fastarying part with wavelength, typically associated with narrow absorption featus ahdOs, and a
slow-varying part with wavelength, related to broad spectral features of absorption and atioosgteeTing processes

such as Rayleigh and Mie scattering. A lovder polynomial is used to remove the slearying components, while
preserving the fastarying part related t80, and Oz absorption. Finally, the slowarying part of satellit®bservedTOA
reflectance (the ratio of L1 radiance to irradiance data) are removed by subtractingoaldovpolynomial, and the
atmospheriSO, SCD is obtained through leasguares fitting.

Table 3. Parameter settings for the retrieval of FY3F/OMS S©SCD

Paraneter FY3F/OMS SQ DOAS settings

Retrieval fitting window 312 326 nm

Solar irradiance TSIS HSRS hybrid solar reference spect(@oddington et
al., 2021)

Crosssections S, 273K (Bogumil et al., 2003)

03223K (Bogumil et al., 2003)
Ring effect Ring spectrum calculated using the SCIATRAN model
SZA=30, VZA=0°, RAA=0°, AS=0.05, Clear sky
(Rozanov et al., 2005)
Polynomial 3" order

Background offset correction Iterative and sliding correction scheme
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3.4Background offset correction

The retrievalaccuracyof SO, columns from satellite measurements is usually affected by spectral and radiometric
calibration errors, which are difficult to remove from L1 radiance data and result in systematic biases in the retiisyal resu
such as alontgrack strips and cros$rack asymmetry(Boersma et al., 2004)in addition, due to the low SNR of
measurements in the fitting window, the wea® absorption information included in the TOA reflected radiance, and the
interference from strong{@&bsorption in the fitting window, the OMS S@trievals tend to be systematically overestimated

or underestimated over the whole orbit. These systematic biases in the retrieval re3Gtsafimns are mixed with the
absorption information 080, and limit the applicability of the OMSSGO; product. Therefore, it is necessary to apply a
background offset correction to reduce these systematic biases in the réd@wvealumns. The reference region method
(Khokhar et al., 2005; Richter et al., 20083s wsed to correct the background offsets, which are latitiegeendent and
related to the crossack position. This method selects retrieval values over a reference region (e.g., clean oceanic Pacific
regions, assumed to be areas withS®) as the backgrau area. Th&0O; retrievals are then adjusted by subtracting the
background offsets of the same latitude over the ocean. Yang proposed the sliding median correctiofY emeghetdal.,
2007)and applied it to the OM$O, product. This method performs aaged sampling within a sliding window centered on

the pixel (selecting pixels with values less than 2 DU) to get background offsets for each row of pixels. With the sliding
window method, the crogsack and alongrack biases varying with time and locatican be effectively eliminated.

For OMS SG; retrievals, based on the above background offset correction msetheddeveloped an improved iterative
sliding correction scheme to avoid seam problémmsto discontinuous integration times within the samatofithe details

of the background offset correction used for OMS Bfrievals are as follows.

(1) Firstly, based on the integration time of FY3F/OMS L1 data, the orbital data is divided into several data blocks
corresponding to different integration timeFor each data block, the mean vector (VO) at each-temss position is
estimated using all valid pixels within the block (i.e., pixels with normal L1 data, as indicated by the L1 QA quality flag).
Each scan line within the data block is processedufyracting VO from th&Q; retrievals of each scan line to obtain the
initially correctedSQ, columns.

(2) Secondly, based on the initially correc®@, columrs, the predefine®0; threshold (2 DU), and the sliding window,

the mean vector V1 for crossack positions within each sliding window is estimated. The initially corre8@dcolumns

are then processed by subtracting V1 to obtain the daabiectedSO; columns. Note that the size of the sliding window
varies with t he ution inthis dtudy, for'the FYS8RQMS iwithinadir resolutibn of 7 kmx7 km, the sliding
window is set to 200 scan lines. It is worth noting that there is a-tfadetween the size of the sliding window and the
effectiveness of the offset correction: tbiy a window might result in poor offset correction, while too small a sliding
window might lead to reduction of tf&0, information contained in the satellite measurements.
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(3) Finally, based on the doukterrectedSO; results, the predefinefO; threshold, and the sliding window, an iterative
procedure is performed until the relative deviation between the results of the two consecutive corrections is lessittian or eq
to 5%.

3.5 AMF

The reflected radiance detected by the satellite instrumenéinsnnformation of trace gases integrated along the slant
observation path. From the reflected radiance and above DOAS spectral fitting,.tB€B@an be derived; however, the

SCD is not suitable for the application of sateltiterived SQ in monitoring global climate change and air pollution, as it
represents the S@olumn along the slant path, which is influenced by the observation geometry and atmospheric conditions.
The SCD can be converted to VCD using AMF=SCD/V®almer et al., 2001which repesents the relative length of the

mean slant path at a certain wavelength for photons interacting with a certain absorber in the atmosphere relative to the
vertical path(Lorente et al., 2017)

The AMFis typically computed as the weighted average dudi-dependent BoXAMFs (equivalent to scattering weights)

across all layers, with the weights determined by thedidribution in each layer (E®) (Chen et al., 2009; Wagner et al.,
2007; Palmer et al., 2001; Boersma et al., 2004)

| - & B" |- @MF % (Eq.2)

WhereA representshe SO, numberdensity inthei-th layer, andYE _denotes the thickness of that layRox-AMFs quantify

the contribution of each atmospheric layer to the total AMF and allows for flexible updates of AMF with ag@rofies,

eliminating the procedure of rebuilding the AMF lookup table.

However, due to the difficulty in obtaining accurate and satajitechronized globab O, profiles, we adopted a simplified - f : can be calculatéby using BoxAMF from forward
. . .. . radiative transfer model and local §@ofile (Chen et al., 2009;
approach that uses two constant AMF values representative for typical conditions for the @b &Dsion from SCD to Wagner et al., 2007; Palmer et al., 2001; éoersma etal., 2004)

VCD in this study. One is AMF=1 for clean regions and-fe@isnowcovered areas influenced by anthogenic sources
and volcaniceruptiors, while the other is AMF=2 for the ice/sn@mvered areasThese two AMF constants are
approximate values derived using the SCIATRAN BWMF and a 5 DU anthropogenic S@rofile under typical
atmospheric and surfaceraitions (SZA = 32.95 VZA = 05 RAA = 07 AS = 0.05 and 0.5 HS = 0 km, wavelength = 320
nm, a 365 DU midlatitude ozone profii8innhuber et al., 2009%nd with the assumption of surface reflectance as isotropic
Lambertian equivalent reflector (LER))e&ion 5.2 of this study provides a matetaileddescription of BoxAMF and an
error analysis of the AMF.

4 Comparison of OMS SQ columns with TROPOMI observations

Based on the FY3F/OMS L1 measurements and the retrieval scheme outlined in section|3S@lot@umns from
FY3F/OMS were retrieved and applied to monitor the 8@issions from volcanic and anthropogenic activities. Evaluating
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the accuracy of OMS SQetrievals is challenging, as it is difficult to obtain synchronous and-duglfity groundbased or
airborne measurements for the validation of OMS &@ievals. Therefore, in this study, due to its high spatial and spectral
resolution in the UWIS band and its common use in global.Sfbnitoring, the TROPOMI S£otal column product was
seleted as reference to evaluate the accuracy of OMSr&@evals(Theys et al., 2019; Wang et al., 2022; Theys et al.,
2017; Cofano et al., 2021; Corradino et al., 2024, Fioletov et al., 2020)uld be noted that, in the comparison between
OMS and TROPMI SO; results, no filtering for cloud darge SZA was applied to the OMS S@ata; insteadall OMS

SO retrievals greater that1i0 DU were selected for the comparison. [

TROPOMI has a local overpass time of 13:30, a spatial resolution of 5.8.knkmfor SO, and provides daily global
coverage with ~14 orbits per day. TROPOMI ;S@oducts from two algorithms are used for comparison: one is the
TROPOMI offline L2 orbital S@ product from the DOAS algorithm (hereafter referred to as TROPOMI DOAS) (Data
saurce: https://browser.dataspace.copernicus.eu/), and the other is the TROPOMI L3 grid Planetary Boundary Layer (PBL)
and 7km S@product from the COBRA algorithm (hereafter referred to as TROPOMI COBRA) (Data source: https://data
portal.s5ppal.com/produc/SQcbr.html). The TROPOMI COBRA S{product was developed by Royal Belgian Institute

for Space Aeronomy (BIRA), and reduces significantly both the noise and biases present in the current TROPOMI
operational DOAS S@retrievals(Theys et al., 2021)The TROPOMI COBRA L3 grid product (0.02290.022°equal
latitudelongitude grid) was generated using the HARP gridding tool from L2 data applying a Quality Assurance (QA) filter
(QA>0.5) to remove low quality daté@he quality filtering leads to some gaps in €@@BRA data

Figure 6 shows the 1days averaged global 38CDs from OMS DOAS and TROPOMI DOAS from November 1st to
15th, 2024. The OMS DOAS SGCDs were averaged using pixels with,S®lumn greater thanl0 DU, whereas the
TROPOMI DOAS SQ SCDs were averaged using pixels with QA > 0.5. It is worth noting that since negative values often

appear in S@retrievals, and small negative values can indicate lowe@ssions in clean areas, in this study OMS SO
retrievals greater thar10 DU areselected for comparison. As shown in .Fégthe OMS and TROPOMI DOAS SGCDs

exhibit generally consistent spatial distributions, both clearly identifying the major globansi€sion hotspots. However,

there are slight differences between the OMS an®@F@MI DOAS SQ SCDs, which may be attributed to differences in
observational geometry, overpass time, and algorithmic processing. Further comparisons between OMS, TROPOMI DOAS
and TROPOMI COBRA S©columns based on individual orbits are discussed in $ectibl, 4.2, and 4.3. The
effectiveness of OMS SQetrievals was evaluated by comparing them with TROPOMI over clean oceanic regions, volcanic
eruption regions, and anthropogenic emission regions as shown ¥ Fig
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Figure 6: Global maps of averaged S@SCDs from OMS DOAS and TROPOMI DOAS during the period of November 1st to 15th,
2024, 0.2%0.2°equal latitude -longitude grid. Note that the TROPOMI DOAS SO, SCDs are obtained from the product variable
6fitted_slant _col umns _ wii328nn,wavelength fitisgpvmadod.i ng t o t he 312
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Figure 7: Regions selected for theamparison of OMSand TROPOMI SO columns
4.1 Comparison oer clean oceanic regions

Ideally, the retrieved SQOvalues from satellite observations in clean regions should be close to zero. The scatter of SO
columns in clean regions can reflect the reliability and stability of the satellite data and the retrieval al¢f@dtkav et al.,
2008) In this study, two clean oceanic regions, where BRissions are extremely low and assumed to be zero, were
seleted as the case studies to compare and evaluate the precision of FY3F/QMSri8@ls. One is the area of latitude
from 5JS to SN and longitude from 3BV to 20W (OceanrAreal), and the other is the area of latitude frd® ® SN and
longitude from 18JW to 125W (OcearArea2). Due to the geolocation differences between OMS and TROPOMI orbits,
the orbital pixels of OMS and TROPOMI DOAS and TROPOMI COBRA $faduct over the two clean oceanic regions
were resampled to 0.150.15%qual latitudelongitude grid for comparison. As suggested in the TROPOMI README file,
only pixels with QA > 0.5 were used for the TROPOMI DOAS,Soduct. For the cases of clean oceanic regions,
TROPOMI COBRA L3 grid PBL S@products were used instead of the COBRA 7km prodtatOMS SQ retrievals, all

pixels with SQ column greater thasi0 DU are selected for comparison.

For OcearAreal, both OMS and TROPOMI show low S@&lues, and the standard deviations of OMS, TROPOMI DOAS
and TROPOMI COBRA S@columns over OceaAreal are 0.2117 DU, 0.2468 DU and 0.1156 DU (resampling to
0.15° 0.15°equal latitudelongitude grid) on August 23, 2024, and 0.2154 DU, 0.4134 DU and 0.1865 DU (resampling to
0.15° 0.15°%qual latitudelongitude grid) on November 15, 2024, respectively. FoeahArea2, the standard deviations of
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OMS, TROPOMI DOAS and TROPOMI COBRA $©olumns are 0.2160 DU, 0.2324 DU and 0.1035 DU (resampling to
0.15° 0.15°equal latitudelongitude grid) on August 23, 2024, and 0.2358 DU, 0.3127 DU and 0.1615 DU (resaropling t

415 0.15° 0.15°%qual latitudelongitude grid) on November 15, 2024, respectively.
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values concentrated betweénDU and 2 DU. However, there are
small differences between OMS and TROPOM} 8@er clean
oceaic regions, which become larger as the pixels approach the
of the orbit. The differences between OMS and TROPOMI SO
columns may be related to differences in local overpass time,
observation angles, L1 and L2 processing algorithms. Comparet
TROPROMI DOAS SQ results, TROPOMI COBRA SQesults and
OMS DOAS SQresults have a lower standard deviation and are
closer to zero over Ocedireal and OceaArea2. The standard
deviation of TROPOMI COBRA S{results over the clean oceanic
region is lower tha that of OMS DOAS Sgresults, mainly due to
the different retrieval schemes and retrieval fitting windows. As
shown inFig. 4, TROPOMI COBRA uss a fitting window of 310:5
326nm, where the SCabsorption is relatively strong, but the signi
tends to be saturated under high volcanie &Mcentrations..

The comparison results from different dates and different clean
oceanic regions show that FY&MS SQ retrievals have a reliable
precision over low S@emission regions, and the data quality of
OMS SQ retrievals is relatively stable over time. It is worth noting
that the retrieval errors for both OMS and TROPOMI are relative
large at the edged the orbit. Therefore, the pixels near the edges
the orbit need to be used with caution.
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As shown inFigs.8, 9, 10, and11, both the S@values of OMS and TROPOMI over OceAreal and OceaArea2 follow

approximately a normal distribution centered around 0, with most values concentrated batweéeand 2 DU. However,

there are small differences between OMS and TROPOMIdS€r clean ocedc regions, which become larger as the pixels
approach the edge of the orbit. The differences between OMS and TROPGMWIS@ANs may be related to differences in

local overpass time, observation angles, L1 and L2 processing algorithms. Compared witbMIRDPAS SG results,
TROPOMI COBRA SQresults and OMS DOAS SQ@esults have a lower standard deviation and are closer to zero over
OceanAreal and OceaArea2. The standard deviation of TROPOMI COBRA,3€X»ults over the clean oceanic region is

lower than that of OMS DOAS S@results, mainly due to the different retrieval schemes and retrieval fitting windows. As
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460 shown inFig. 4, TROPOMI COBRA uss a fitting window of 310:826nnm, where the S£absorption is relatively strong,

but the signal tends to be saturated under high volcanic@@entrations.

The comparisownf results from different dates and different clean oceanic regions showrBBIBMS SQ retrievals have

a reliable precision over low S@mission regions, and the data gquality of OMS Bffrievals is relatively stable over time.

It is worth noting that the retrieval errors for both OMS and TROPOMI are relatively large at t® @fdthe orbit.

465 Therefore, the pixels near the edges of the orbit need to be used with caution.
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4.2 Comparison over volcanic eruptions

The massive amounts of $&leased over a short period during volcanic eruptions, as well as theiligtagce transport
and the subsequeformation of sulfate aerosols, not only influence the global radiative energy b@ldooermick et al.,
1995) but also pose risks to aviation in the tropopause or stratosihiier and Casadevall, 2000)Through the

comparison in volcanic regionthe capability of OMS S¢retrievals at large columns can be evaluated. In this section, we
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took the eruptions of Sundhntkur volcano and Nyamuragira volcano as case studies for comparing FY3F/OMEB SO
TROPOMI DOAS and TROPOMI COBRA 7km S@sults. Tgresent the S&maps of OMS and TROPOMI DOAS more
clearly, the resampling scheme in section 4.1 was not used in section 4.2. For TROPOMI DOAS, we used all pixels from the
TROPOMI DOAS S@product instead of applying QA > 0.5 to filter the highality pixds when comparing with the OMS

SO results. The reason is that after applying the QA > 0.5 filter, a lot of higlpi€ls in TROPOMI DOAS over volcanic
regions would be missing, making it difficult to compare with OMS &8f3ults. In this section, TROPAQMOBRA L3 grid

7km SQ products were used instead of COBRA PBL products.

The Sundhntkur volcano is the first case study for comparing FY3F/OMSv8® TROPOMI DOAS and TROPOMI
COBRA 7km SQ results over a volcanic eruption. On August 22, 2024, Sundhméigano within the Reykjanes volcanic
system began erupting and continued to emit ®0approximately 14 days (https://volcano.si.edu/). The eruption created a
fissure approximately 3.9 km long, with lava and smoke reaching a height of about 1 kragibineof latitude from 55N

to 65N and longitude from 30W to 5W was selected as the study area for the Sundhnikur volcano. There are two OMS
orbits (20240823_1036 and 20240823 _1217) (Format: YYYYMMDD_HHMM, UTC time of the first scan line) overpassing
the Sundhnikur volcano region on August 23, 2024. For the OMS orbit 20240823 _1217, most of the pixels covering the
volcanic region are near the edge of the orbit where the measurement noise tends to be higher. For TROPOMI DOAS,
although two orbits (2024082325304 and 20240823T111134) (Format: YYYYMMDDTHHMMSS, observation start
UTC time) passed over the Sundhnikur volcano area, only orbit 20240823T125304 is presented because most of its pixels
over the Sundhntkur volcano region were near the nadir of theé whsre the data quality is higher. As showrFig. 12,

both OMS and TROPOMI successfully captured the high @&ribution around the Sundhnuik volcano on August 23,

2024. The spatial distributions of OMS, TROPOMI DOAS and TROPOMI COBRA @&@r Sundhnikur volcano are
similar, but differ at the edge of the $@lume. Compared with OMS orbit 20240823_1036, orbit 20240823_1217 has a
local overpas time closer to that of TROPOMI orbit 20240823T125304 in the volcanic region, making thessis of

OMS orbit 20240823_1217 more consistent with those of TROPOMI orbit 20240823T125304. The correlation between
OMS and TROPOMI DOAS reaches ~0.87 over Sundhnikur volcano on August 23, 2024, while the correlation between
OMS and TROPOMI COBRA reaches ~0.76.

However, when S@values exceed 50 DU, OMS S€@trievals are significantly lower than those of TROPOMI DOAS over

the Sundhnikur volcano region onu@ust 23, 2024. Moreover, the relative biases between OMS and TROPOMI DOAS
increase with increasing $S©@olumns. This may be attributed to the reason that the OM®e8{@val uses the 31326 nm

fitting window, where S@has strong absorption and is pedio saturation in the case of high.S@ncentrations, leading to

an underestimation of S@olumns. In order to mitigate the risk of saturation, TROPOMI DOAS uses two additional fitting
windows (325335 nm and 366890 nm) (S5FBIRA-L2-ATBD-400E) for vol@nic eruption cases. In addition, the different
overpass time of OMS and TROPOMI, along with varying volcanic eruption strength and meteorological conditions, may
also be major contributors to the differences in 8@umns of OMS and TROPOMI DOAS. The TROMI COBRA SQ
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results retrieved from the 316326 nm window are also lower than those from TROPOMI DOAS, but are more consistent

510 with those from OMS.
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Figure 12: SOz retrievals over Sundhnikur volcano on August 23, 2024. (a, b, c, d) Spatial distribution of FY3F/OMSTROPOMI
DOAS and TROPOMI COBRA 7km SO columns over Sundhnikur volcano; (e, f) Scatter plos of OMS 20240823_1217and
TROPOMI over Sundhnikur volcano on August 23, 2024, where pixels with S@columns greater than 1DU were selected and
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orbits, and the missing pixels in Figure @are due toquality filtering applied to TROPOMI COBRA data,,

TROPOMI DOAS SO, columns (DU)
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The Nyamuragira volcano is the second case study for comparing FY3F/OM®&itBO'ROPOMI DOAS and TROPOM
COBRA 7km SQ result

shield volcano located in the eastern part of the Democratic Republic of the Congo, approximately 25 km north of L

over a volcanic eruption. Ny a mu r-potassium basaki

and 13 km nortinorthwest of tke Nyiragongo volcano (https://volcano.si.edu/). Based on the Volcanic Explosivity Index

classification(Newhall and Self, 1982and eruptive history reports of Nyamuragira from the Global Volcanism Pro
(GVP) the

weekly reports, Nyamuragira had continuing eruptive activities in November 2024. In this section, the region of latitt

ma gni t ud ©onscah geNeradlynbe classifiedr as Snsall to maderatei According to the

108 to 10N and longitude from 15E to 35E was seleetd as the study area for the Nyamuragira volcano. The si
distribution maps Kig. 13) show that OMS, TROPOMI DOAS, and TROPOMI COBRA results clearly detected the
concentration S@plume from the Nyamuragira eruption, although the shape of theplb®e differs due to dérences in

overpass time and observation angles. However, as shdvim. i4, most of OMS S@retrievals over the Nyamuragira regic
are_highe than the TROPOMI DOAS and TROPOMI COBRA results, which differs from the results for the Sundt

23

- p : The Nyamuragira volcano is the second case study
comparing FY3F/OMS SQvith TROPOMI DOAS and TROPOMI
COBRA 7km SQresults over a volcanic eruption. Nyamuragira i
Africa’s most ac tpotassiumbasdltic shield
volcano located in the eastern part of the Democratic Republic o
Congo, approximately 25 kmorth of Lake Kivu and 13 km north
northwest of the Nyiragongo volcano (https://volcano.si.edu/). Be
on the Volcanic Explosivity Index (VEI) classificatigNewhall and
Self, 1982)and eruptive history reports of Nyamuragira from the
Global VolcanismP o gram ( GVP), the majg
eruptions can generally be classified as small to moderate. Accc
to the GVP weekly reports, Nyamuragira had continuing eruptive
activities in November 2024. In this section, the region of latitude
from 105 to 10N and longitude from 15E to 35E was selected as
the study area for the Nyamuragira volcano. The spatial distribut
maps Fig. 13) showthat OMS, TROPOMI DOAS, and TROPOMI
COBRA results clearly detected the higbncentration S©plume
from the Nyamuragira eruption, although the shape of thepfi@e
differs due to differences in overpass time and observation angle
However, as shown iRig. 14, most of OMS S@retrievals over the
Nyamuragira region are higher than the TROPOMI DOAS and
TROPOMI COBRA results, which differs from the results for the
Sundhntkur volcano mentioned above. The reason may be attrit
to factors such as the different retrieval fittinjydow and AMF
strategies used by OMS §ROPOMI DOAS and TROPOMI
COBRA 7km SQ. It is worth noting that ifrig. 14, SG, column
results from ONG and TROPOMI DOAS and TROPOMI COBRA
were resampled to 0.150.15°%equal latitudelongitude grid, and
only SQ retrievals greater than 1 DU within the Nyamuragira
volcano region were selected and summed. For the case of the
Nyamuragira volcano, which isdated near the equator (unlike the
high-latitude Sundhnikur volcano), it is difficult to find OMS and
TROPOMI orbits with close overpass times. As a result of the
overpass time differences between OMS and TROPOMI, the plu
positions changed between theotmeasurements making direct
comparison difficult..

From the above comparisons between FY3F/OMS&80
TROPOMI DOAS and TROPOMI COBRA 7km S@sults, we can
see that FY3F/OMS has the capability to monitor volcanic activit
and with high spatial resolution of 7 kmx7 km and a local overpa:
time different from TROPOMI, FY3F/OMS can contribute to a m«
effective satellite SOproduct for thecontinuous monitoring of
global volcanic activity..

(

- p :the Nan values in TROPOMI COBRA data ]
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volcano mentioned above. The reason may be attributed to factors such as the different retrieval fitting window ¢
strategies used by OMS §O’ROPOMIDOAS and TROPOMI COBRA 7km SOIt is worth noting that irFig. 14, SG&
column results from OMS and TROPOMI DOAS and TROPOMI COBRA were resdntpl€.15° 0.15°equal latitude
longitude grid, and only SQretrievals greater than 1 DU within the Nyamuragira volcano region were selected and st
For the case of the Nyamuragira volcano, which is located near the equator (unlike tlagithidgr Sindhnkur volcano), it is

difficult to find OMS and TROPOMI orbits with close overpass times. As a result of the overpass time differences

OMS and TROPOMI, the plume positions changed between the two measurements making direct comparison difficuli
From the above comparisons between FY3F/OMS &@ TROPOMI DOAS and TROPOMI COBRA 7km Sf@sults, we
can see that FY3F/OMS has the capability to monitor volcanic activities, and with high spatial resolution of 7 kmx7 ki

local overpass time different from TROPOMI, FY3F/OMS can contribute to a more effective satellimrd8iQct for the

continuous monitoring of global volcanic activity.
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Figure 13: SO; retrievals of OMS and TROPOMI over the Nyamuragira volcano on November 3, 8, and 15, 2024. The missing pix:
are the gap between the two orbits, or the Nawalues in downloaded TROPOMI COBRA data. (al) OMS S columns, orbit [ ©  :TimesNewRoman
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Figure 14: Latitude-summed (latitude from 103 to 10N) SO2 columns of OMS, TROPOMI DOAS and TROPOMI COBRA over
Nyamuragira volcano on November 3, 8, and 15, 2024. Only pixels with $€olumns greater than 1 DU were selected.

4.3 Comparison for anthropogenic emissions

Compared to the monitoring of high $@missions from natural sources such as volcanoes, the monitoring of anthropogenic
SO emissions from satellite observations is more challenging. Firstly, the atmospherifro80Danthropogenic SO
emissions is generally much lower compared to that ofamatceruptions. Secondly, S@om anthropogenic emission is

primarily concentrated near the surface. However, the sensitivity of satellite measurements in the UV band near the surface
is relatively low because solar UV radiation is partially absorbedsaattered by atmospheric components such as air,
aerosols, and clouds during its transmission. As a result, the weakened UV radiation reaching the boundary layer reduces the
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sensitivity of satellite instruments to PBL £@nd makes it harder to distinguiS0, signals from background noise,
570 especially at large solar zenith and satellite viewing angles.

Based on the S{emission sources observed by TROPOMI in 2(HiBletov et al., 202Q)we selected three representative

regions— the Persian Gulf (oil andas exploration), Norilsk (smelters), and Eastern India (power plattsyompare three

SO column products: OMS SOTROPOMI DOAS S@ and TROPOMI COBRA PBL SO These comparisons aim at

evaluating the capability of OMS in monitoring S€missions fronanthropogenic sources. Similarttee cases of volcanic
575 eruptions, we used all pixels from the TROPOMI DOAS; $fdduct instead of applying QA > 0.5 to filter the higihality

pixels because the QA > 0.5 filter would remove many high [8%&Is over anthmeogenic emission regions. In the case of

anthropogenic emissions, TROPOMI COBRA L3 grid PBL, $@®ducts were used for comparison instead of the COBRA

7km SQ products.

The Persian Gulf was selected due to its high anthropogenic emissions, includiagdS@D;, primarily from oil and gas
580 extraction and refining industrigMardani et al., 2025; Krotkov et al., 201@)his region has a higher probability of clear

sky days and is located in the Idatitude zone, which means relatively high SNR for satefliiservations. As shown in

Figs., and, OMS effectively detects high S@alues over the Persian Gulf while miaiming a lower background noise. [ L] ]
Scatter plots from different dates (August 23, 2024, and November 12, 2024) show that (1) The correlation coefficié i ]
between OMS and TROPOMI DOAS and TROPOMI COBRA; $@nain around 0-8.6; (2) TROPOMI COBRA S©

585 retrievals are lower than DOAS results over the Persian Gulf; (3) Additionally, the differences among the three datasets
(OMS SQ, TROPOMI DOAS S@ and TROPOMI COBRA PBL Sf vary over time: on August 23, 2024, OMS SO
retrievals were higher than those from b&@ROPOMI DOAS and TROPOMI COBRA, whereas on November 12, 2024,
OMS SQ retrievals were lower than those of TROPOMI DOAS and TROPOMI CQBR#s may be attributed to the [— p ]
factors such as viewing angle, overpass time, local emission variations, and AMS: value

500 Norilsk in northern Russia within the Arcticefissioosldse i s one of the world’s big

to its massive nickel and metal smelting indugBauduin et al., 2014)With winter lasting 6 to 9 months and snow

5

coveringt he ground for mo s t of the year the region’s low temperatures and at mos pl

leading to persistently high S@oncentrations over Norilskarge SQ emissions cause severe air pollution and acid rain,
which make Ndisk one of the most polluted cities in the world. On May 16, 2024, the orbits of OMS and TROPOMI with

595 closelocal overpasdimes over Norilsk were selected to reduce the impact of emission and meteorological differences on the

comparisons of S£columns.As shown inFig. 17, both OMS and TROPOMI were able to detect the flOmes over the

Norilsk region. Note that for the OMS S@trievals over Nrilsk on May 16, 2024, the constant AMF=2 was used for the
conversion from SCD to VCD. The $@olumns from OMS and TROPOMI DOAS have a good correlation of-0.93
over the Norilsk region.nithe case of Norilsk, OMS SQetrievals are slightly lower #m those from TROPOMI DOAS,
600 with the average relative biases ((OMIROPOMI| / TROPOMI) of the data from the Norilsk region in OMS orbit
20240516 _0334 being approximately 22% (excluding outliers with relative biases greater than 200% aptliSas

smalker than 1 DU), and for OMS orbit 20240516_0516 being approximately 18% (applying the same filtering criteria). The
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TROPOMI COBRA PBL L3 products which have mostly Nan values over the Norilsk region are not presented in this

605 section.
I ndi aeémissichOee mainly from coal fired power plants, transportation, and agricultural activities, which are growing
rapidly, increasing by more than 100% from 2005 to 2(Kir6tkov et al., 2016; Kuttippurath et al., 2022% shown inFig.
18, OMS also successfully captured the high, l@mes in Eastern India, but most of OMS,S€trievals ardower than
those from TROPOMI DOAS. This imainly attributed to the simplifiedtrateqy of OMS using a constant AMFfek the
610 Indian region. Future work will consider using Indian local, bfiles to calculate specific AMFs over India in order to

improve the accuracy of OMS S@etrievals over this area. It is worth noting that tiweges of the color bars Kigs. 18al-

a3 are different from others to more clearly present the OMSe&@vals over Eastern Indjaigure18 alsoshows that due [ D10, v

to different local overpass times, when the, §Ollution area in India is located at the edge of the TROPOMI orbit where [- p : Figure18

large retrievakrrors often occur, OMS canpravie e f fect i ve data support to fill the monitoring gaps ca

615 edgerelated pixels. These comparisons demonstrate that OMS can distinguish the effective gailfoi&@tion from

background noises.
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Figure 15: SO, retrievals over the Persian Gulf on August 23, 2024. (a, b, ¢) Spatial distribution of FY3F/OMS, TROPOMI DOAS
and TROPOMI COBRA PBL SOz columns over Persian Gulf; (d) True Color Image of the Persian Gulf from Terra/MODIS
(Source: https://worldview.earthdata.nasa.gov/); (e, f) Scatter plots of FY3F/OMS, TROPOMI DOAS and TROPOMI COBRA
PBL SO, over the Persian Gulf on August 23, 2024, where pixels with S@olumns greater than 1 DU were selected ani
TROPOMI is resampled to the latitudelongitude grid of OMS. Note that the missing pixels in Figure ¢ arelue to quality filtering
applied to TROPOMI COBRA data.
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Norilsk in northern Russia within the Arctic Circle is one of the
wo r lbiggest sources of anthropogenic,®@issions due to its
massive nickel and metal smelting indugBguduin et al., 2014)
With winter lasting 6 to 9 months and snow covering the ground
most of the year, the region’
stability hinder pollutant dispersion, leading to persistently high ¢
concentrations over Norilskarge SQ emissions cause severe air
pollution and acid rain, which make Norilsk one of the most pollu
cities in the world. On May 16, 2024, the orlmf<OMS and
TROPOMI with closdocal overpasgimes over Norilsk were
selected to reduce the impact of emission and meteorological
differences on the comparisons of S@lumns. As shown ifig. 17,
both OMS and TROPOMI were able to detect the @lGmes over
the Norilsk region. Note that for the OMS S@trievals over Norilsk
on May 16, 2024, the constant AMF=2 was used for the convers
from SCD to VCD. The S@&columns from OMS and TROPOMI
DOAS have a good correlation of 0:9193 over the Norilsk region.
In the case of Norilsk, OMS S@etrievals areslightly lower than
those from TROPOMI DOAS, with the average relative biases
(|IOMS- TROPOMI| / TROPOMI) of the data from the Norilsk
region in OMS orbit 20240516_0334 being approximately 22%
(excluding outliers with relative biases greater than 200%S&»d
columns smaller than 1 DU), and for OMS orbit 20240516_0516
being approximately 18% (applying the same filtering criteria). T|
TROPOMI COBRA PBL L3 products which have mostly Nan val
over the Norilsk region are not presented in this section.

India® s , @&nissions are mainly from coal fired power plants,
transportation, and agricultural activities, which are growing rapi
increasing by more than 100% from 2005 to 2(Ki®tkov et al.,
2016; Kuttippurath et al., 2022As shown inFig. 18, OMS also
successfully captured the high S§@umes in Eastern India, but mo
of OMS SQ retrievals ardower than those from TROPOMI DOAS
This ismainly attributed to the simplified strategy of OMS using a
constant AMF=Ior the Indian region. Future work will consider
using Indian local SEprofiles to calculate specific AMFs over Indi
in order to improve the accuracy of OMS S€rievals over this age
It is worth noting that the ranges of the color barBigs.18al-a3 are
different from others to more clearly present the OMS i@@ievals
over Eastern ldia. Figure18 alsoshows that due to different local
overpass times, when the S@llution area in India is located at th
edge of the TROPOMI orbit where large retriesabrs often occur,
OMS canprovide effective data support to fill the monitoring gaps
caused by TR@lBteMikelssThesedcgmparisons
demonstrate that OMS can distinguish the effective daily SO
information from background noises.
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Figure 17: SO retrievals over Norilsk on May 16, 2024. (a2, b1-2) Spatial distribution of FY3F/OMS and TROPOMI DOAS SO
columns over Norilsk; (ct2) Scatter plots of OMS and TROPOMI DOAS SQ columns over Norilskon May 16, 2024, where pixels
with SOz columns greater than 1 DU were selected and TROPOMI is resampled to the latitudengitude grid of OMS; (d)True
Color Image of Norilsk from Terra/MODIS on May 16, 2024; (e) SQ columns from TROPOMI COBRA PBL over Norilsk on
May 16, 2024. Note that the missing pixels in Figure e ageie to quality filtering applied to TROPOMI COBRA data,,
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Figure 18 SO: retrievals over Eastern India on November 4, 5, and 9, 2024. (&l b1-3, c1-3) Spatial distribution of FY3F/OMS,
TROPOMI DOAS and TROPOMI COBRA PBL SO: columns over Eastern India; (dtd3) True Color Image of Easternindia
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from Terra/MODIS on November 4, 5, and 9, 2024. The missing pixels in the Figures-c3 are caused bythe quality filtering

applied to TROPOMI COBRA data, [— p : Nanvalues in TROPOMI COBRA data

5 Error analysis

The main error sources in the OMS DOAS,3@rieval include instrumeselated errors, DOAS SCD spectral fitting errors,
AMF uncertainties, and the residual error after background offset correction. Instnafa¢ed errors include spectral and
radiometric calibration errors, degradation of thstrument, stray light contamination and namiformity of the diffuser
685 plate, which introduce systematic biases in both radiance and irradiance measurements. DOAS SCD spectral fitting errors
include uncertainties in the absorption cresstions of S@and Os, interference from strongs@bsorption, the Ring effect
caused by inelastic scattering, and the selection of the polynomial order in spectral fitting which may introduce biases if n
appropriately chosen. The AMF, which is crucial for the accutdcyO; retrieval, is affected by the uncertainties in.SO
vertical profile, surface reflectance, clouds and aerosols, and surface height. Moreover, the background offset coyrection ma
690 introduce additional uncertainties, especially in high 8@as.
Consdering these error sources and assuming that they are independent of each other, the total uncertainty in the retrieved

SO, column can be approximated as:

[— p 2

A — — E— (Eq.3)
v
whereA is the random error from DOASO, SCD spectral fitting includingnstrumentrelated noisgk is the
695 residual systematic error after background offset correction,Aand is the AMF uncertainty which includes two

componentsone is related to the atmospheric scattering weight and the other one is associated witlpth&l&6hape.

5.1Errors in SCD retrieval

The errors in OMS irradiance and radiance measurementsiarefdhe main error sources of S8CD retrievals. These

errors significantly affect the accuracy of OMS S€trievals, and are the main causes of the systematic overestimation or
700 underestimation of S{retrievals, such as alofitack stripes at specificiewing angles and crogeack asymmetry in SO

SCD retrievals(Boersma et al., 2004)The OMS irradiance and radiance uncertainties mainly depend on viewing angle,

wavelength, and optical degradation. The viewing angle dependence, caused by calitaatioracies, results in unequal

responses for all viewing angles (one viewing angle corresponds to ondraoisposition). With increasing optical

degradation and inaccurate spectral calibration, more errors can be introduced into the irradiancdareedsgettra. This

705 degradation is difficult tanonitor and calibrajebecause no accurate standards over the full OMS wavelength range ar{— p : be monitored and calibrated

readily available. Meanwhile, these errors in solar irradiance and earth radiance @oestant and can change with time
and location, making it difficult to correct their impact on,S€ktrievals. After one year in orbit, the intensity of OMS
irradiance at the shorter wavelength of 317 nm has decreased by about 8.83%, while at theakigagth of 331 nm, it
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has decreased by about 6.07%. Using the TSIS HSRS hybrid solar reference spectrum instead of the OMS irradiance
measurements can mitigate the impact of viewing angle dependence and degradation on. @& &0 However, since

the solar reference spectrum does not contain the instrument characteristics, it may introduce systematic overestimation or
underestimation in SOcolumn retrievals. These systematic biases caused by the TSIS HSRS can be partially reduced
through backgroundffset correction but cannot be fully eliminated.

The temperature dependence and uncertainties of absorptiorseotie® spectra can affect the accuracy of DOAS SCD
spectral fitting. The OMS SCBCD retrieval utilizes the Bogumil S@nd Q absorption arsssection spectra at 273 K and

223 K for DOAS SCD fitting(Bogumil et al., 2003)However, the SPand Q absorption crossections exhibit strong
temperature dependence, which affects the accuracy of retrieve8CIU3 when using the constant 273 K.%@d 223 K

Os absorption crossections. The S£SCD retrievals increase accordingly as higieenperature absorption cressctions

are usedYan et al., 2014)The differences in SCD retrievals caused by temperdependent absorption cressctions
increase with increasing $S@olumns. For example, compared to SCD retrievals using the 203K absorptiosentiss,

the differences in SC5CDs can reach a maximum of ~25 DU (with SCDs around 60 (Mah et al., 2014)In addition to

the temperature depéence, the uncertainty of the S&8nhd Q absorption crossections isalsoone of the error sources in

the SQ SCD retrievals. Systematic errors in slant columns due toc&@ssection uncertainties are estimated to be around

6% in the 312326 nm fittingwindow (Vandaele et al., 2009 he uncertainty of the SGbsorption crossections from
Bogumil et al. (2003) varies with temperature, being 2.8% at 293 K and 3.0% at lower temperatures. The uncertainty of O
absorption crossections from Bogumil et a(2003) is approximately 3.1% or less. Therefore, to improve the accuracy of
OMS SQ retrievals, it is essential to account for the variations in thea&®@orption crossection with temperature and
altitude, especially in cases of volcanic eruptiongufeuwork will incorporate accurate and réate temperature and SO

profile data to account for temperatitependent effects in OMS Setrievals.

In the UV wavelength band, the Ring effect is a-negligible part of the DOAS SCD fitting procegs shown inFig. 19, [ "

the SCIATRAN model was used to retrieve OMS, & all pixels.

[1]: In this studyonesingle Ring spectrum simulated witi}

the Ring spectrum convolved with the OMS ISRF varies with SZA, VZAc@umn and AS within the 33330 nm

wavelength range. The variation of the Ring spectrum with RAA is negligible atfigtrisforenot presentgdThe mean [—

p : inthis study

)

percentage change in the Ring spectrum is approximately 27.67% (absolute deviation: 0.0025} esltimenQvaries from
175 DU to 575 DU, 47.34% (absolute deviation: 0.0048) as the AS varies from 0 td8%2ébsolute deviation: 0.0021)

as the VZA varies from 0°to 757 and 45.29% (absolute deviation: 0.0047) as the SZA varies from 0°t¢180%ver, j [ SO T)Y [
this study,g single Ring spectrum simulated with the SCIATRAN model was used to retrieve OMB®rSAll pixels.The [- po:l
reason ighatathough the Ring spectrum varies significantly with SZA, VZA @lumn, and AS within the 33330 nm [' ‘:’ one
wavelength rangeghe impact of Ring spectrum variabiljpn SQ retrievals is relatively smatlue to tke weak correlation E: 2 :S mpact

(D | W

between the Ring spectrum and the satellite TOA reflectagsmeciallyin the case of/olcanic eruptionswith high SQ

concentrationsMoreover, using Ring spectithat vary with SZA, VZA, @ column, and ASwithin the 316330 nm

wavelength rangeequire constructing a large lookup table, which would significantly increase computational cost for OMS

SO, column retrievals.
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Figure 19: Variation of Ring spectrum with Os, VZA, SZA and surface reflectivity (AS). Ring spectrumwas calculated with the
SCIATRAN model, convolved with the OMS ISRF.The default SCIATRAN settings for the Ring spectrum are as follows:
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wavelength stg@=0.2 nm,clear sky, HS=0km, O3=275 DU, AS=0.05, SZA=30; VZA=07 RAA=0°.

- p : for high SQ concentrationslue to the weak
correlation between the Ring spectrum and the satellite
TOAreflectance . However, folow SO, concentrations, the
influence is nomegligible..

Additionally, the accuracy of DOAS SCiitting is aso influenced
by the following factors: (1) Interference from strongaBsorption
in the retrieval fitting window. Due to the overlap of @hd SQ
absorption in the UWavelengthand the fact that the atmospherig
absorption is often much higher than that o, 3fe UV radiation
reaching the neasurface (the primary atide ofanthropogeniSO,
emissions) is weakened, resulting in a lower SNR. When using t
weakenedadiance and DOAS fitting to simultaneously retrieye C
and SQ, the strong @absorption signal may overshadow the;SO
absorption information, leading &rors in the DOAS SOSCD
retrievals. Sensitivity analysis shows that a 1% increase ta®
lead to approximately a 5% decrease in DOAS @@ievals(Yan et
al., 2017) (2) Selection of retrieval fitting window. Different
retrieval fitting windows hae varying S@absorption features,O
absorption interference, and SNR. The scheme using a single
retrieval fitting window of 312326 nm for OMS S@SCD retrieval
may lead to the underestimation of S®lumns in the cases of
volcanic eruptions or higreflectivity surfaces. However, employin
multiple fitting windows may lead to inconsistencies among resu
from different retrieval fitting windows. (3) Lowrder polynomial.
In DOAS retrievals, loworder polynomials are used to remalew-
varyingcomponents, such as aerosol scatteringoaodd spectral
features ofbsorption. If the polynomial order is too low, it may fa
to effectively removeslowvaryingcomponents, while if it is too
high, overfiting may occur, leading to partial removal of the true
signal. These errors in SCD propagate into the final OMS\&D
results, degrading the accuracy and applicability of the OMS SO
product..

Additionally, the accuracy of DOAS SCiiting is also influenced by the following factors: (1) Interference from strop¢-
absorption in the retrieval fitting window. Due to the overlap gbfd SQ absorption in the UMvavelengthand the fact

that the atmospheric sGabsorption is often much higher than that of,SfBe UV radiation reaching the nesurface (the

primary alttude ofanthropogeni§O, emissions) is weakened, resulting in a lower SNR. When usingghkenedadiance

and DOAS fitting to simultaneously retrieve; @nd SO, the strong @ absorption signal may overshadow the,<

absorption information, leading &rors in the DOAS SOSCD retrievals. Sensitivity analysis shows that a 1% increa:

O3 can lead to approximately a 5% decrease in DOAS r8@ievals(Yan et al., 2017)(2) Selection of retrieval fitting

window. Different retrieval fitting windows hawarying S@ absorption features,s@bsorption interference, and SNR. T

scheme using a single retrieval fitting window of 3326 nm for OMS S@SCD retrieval may lead to the underestimat

of SO columns in the cases of volcanic eruptions or hftectivity surfaces. However, employing multiple fittir
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windows may lead to inconsistencies among results from different retrieval fitting windows. (rtlemwpolynomial. In

DOAS retrievals, loworder polynomials are used to remalewvaryingcomponets, such as aerosol scattering éndad

spectral features oébsorption. If the polynomial order is too low, it may fail to effectively remelmvarying

components, while if it is too high, overfitting may occur, leading to partial removal of th8@usignal. These errors i

SCD propagate into the final OMS $W@CD results, degrading the accuracy and applicability of the OMSy8fuct.

5.2 Errors from AMF

The AMF is also one of the primary error sources of OMS \BCD retrieval.lt can be calculated by using B&WF from

forward radiative transfer model and local S®ofile (Chen et al., 2009; Wagner et al., 2007; Palmer et al., 2001; Boersma

et al., 2004)In this study, due to the difficulty in obtaining accurate aneélk@tsynchronized global SOprofiles, two

AMF constants under typical conditions were used to convert the OMSSED to VCD (see section 3.5 for more
information).

However, due to the heterogeneity of the global land cover and the variability of harioggnditions and SGemission
sources, the approximation using constant AMFs can introduce large uncertainties into the fiN@5@trieval. The
AMF value is influenced by multiple factors including wavelength, SZA, VZA, RAA, AS, HS (also referrasl terrain
height), Q column, SQ vertical profile shape, and cloud fraction and altit(dee et al., 2009)To analyze the impact of
these factors on AMF calculation, we used the SCIATRAN as forward radiative transfer (Rodahov et al., 2005p

- p :Itis typically computed as the weighted average of
altitudedependent BoXAMFs (equivalent to scattering weights)
across all layers, with the weights determined by thediribution
in each layer (EB) (Chen et al., 2009; Wagner et al., 2007; Palm
et al., 2001; Boersma et avIA, 2004)

l-&B" T-@MF

(Eq.3) .

WhereA representshe SO, numberdensity inthei-th layer, and/E
denotes the thickness of that layer.

Box-AMFs quantify the contribution of each atmospheric layer to
total AMF and allows for flexible updates of AMF with new SO
profiles, eliminating the procedure of rebuilding the AMF lookup
table.

compute BoxAMF under different forward model settings. BA¥Fs corresponding to each set of forward input settings

are stored as a function of altitude, representing the atmospheric contribution from each layer.

Figure 2Q illustrates the variation of SCIATRAN Be&AMF with SZA, VZA, RAA, AS, HS, wavelength, ands@olumn. [

r 210, W

The forward model settings remain consistent across all cases, except for the vamapsmnalgized: SZA = 32.9; VZA= [

07 RAA = 05 LER AS = 0.05, HS = 0 km, wavelength = 320 nmz@olumn = 365 DU, clear sky, and with the assumption

- p : Figure20Figure20
o210, w ]

of surface reflectance as LER. As showrFigs. 20a-b, at lower altitudes, BGAMF is relatively insensitive to changes in

SZA and VZA within the range of-80° However, at higher altitudes (e.g., above 5km), the BdAF generally increases

with increasing SZA and VZA due to the longer atmospheric path length at larger angles, which enhances the contribution of

each atmospheric layer to the total AMF. Note that when SZA or VZA is greater than 73.5; the\BoXas a significant
decrease below altitude km compared to the values at other angles. As shoigi20c, the variation of BOAMF with

RAA is negligible. BoxAMF increases as suda reflectance increaseBid. 20d) due to higher reflectivity enhancing
atmospheric multiple scattering, which increases the photon path length and thereby raid4FBedues. When LER
surface reflectance changes fromo01t the surface BeRMF increases from 0.23 to 4.14, an increase of approximately
1700%. However, the increase of surface reflectance also changes the vertical shap&MFBshifting it from increasing
with altitude to decreasing with altitudEig. 20e shows that the BeAMF decreases with increasing terrain height, as
higher surface elevation reduces the atmospheric column above the gleadidg to less scattering and decreased
sensitivity. The variation of BGAMF with wavelength ranging from 310 nm to 33Mr{Fig. 20f) shows tha Box-AMF
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increases with increasing wavelength. The difference in/dk at different wavelengths varies with altitude. For example,
near the surface, when the wavelength increases from 310 nm to 330 nm, the surfAdéFBogrreases from 0.28 to 0.48,
arise of 71.13%; At an altitude of 10 km, the BAKF increases from 1.69 to 2.36, a rise of 39.57%. Note that for most
cases in this study, the wavelength 320 nm, which is approximately at the center of te&i&al window (312326 nm),

was chosen tperform the SCIATRAN BoAMF calculation. The variation of BeAMF with the G column from 125 DU

to 575 DU Fig. 20g) shows that, compared tther influencing factors, ©column has a relatively weak impact on Box
AMF, especially for altitudes below 5 km. The BAMF gradually decreases as the@Ilumn increases. The differences in

Box-AMF under different @ column conditions are more noticeable between altitudes of 5 km and 25 km. For example, at

an altitude of 15 km, BaXAMF decreases from 2.41 to 2.07 as thec@umn increases from 125 DU to 575 DU, a decrease
of about 14%.

As seen from the above result®ompared to other influencing factors, surface reflectance has a relatively strong impact on

Box-AMF, thus affecting the accuracy of AMF calculations, especially in anthropogenic emission regions whéese SO

concentrated near the surface. The erroBafAMF from surface reflectance primarily come from two aspects. One is the

errors in the surface reflectance climatology. In many satellite products, for each pixel, a surface reflectance climatology

(such as from OM(KlIeipool et al., 2008pr TROPOMI (Tilstra et al., 2029)is interpolated to obtain the corresponding
surface reflectance, which is then used as input to calculate the correspondiAdiBoXhe uncertainties in the surface
reflectance climatology and interpolation errors due to the spasalution differences between the satellite observations
and surface reflectance climatology can degrade the accuracy of thé&MBexalculations. The sensitivity analysis of AS
error on SCIATRAN BoxAMF (Fig. 21), which was conducted by introducing a 1% and 0.01 perturbation in AS values
ranging from 0.01 to 0.90, shows that (1) The uncertainties inAdK due to a 1% and 0.01 AS variation sha
decreasing trend with increasing altitude, meaning that-Adk is more sensitive to AS at lower altitudes. (2) The
uncertainties of BOAMF due to a 1% AS variation increase as the AS increagsite those due to a 0.01 AS variation

decrease as theSAincreases. When AS is small (e.g., AS = 0.01, 0.03, 0.05), a 1% variation in AS can lead to less than a 0.5%

change in BoxAMF near the surface. However, when AS ranges from 0.8 to 0.9, the uncertaintiesAVBodue to a 1%
AS variation can reach up 1.1%1.2% near the surface. Another aspect affecting the accuracy eAB&xdue to surface
reflectance is the assumption of surface reflectance as LER during SCIATRAKNMBxcalculation. Surface reflectivity,

which depends on the surface properties thedgeometry of incident and reflected light, is not uniformly distributed in all [— po. ]

directions (i.e., anisotropy). This anisotropy is typically described by the bidirectional reflectance distribution functi
(BRDF). However, due to more scattering in thé, tthis effect is more relevant at longer wavelengths. Therefore, accurate
AS input is crucial for the accuracy of B&WF calculation, especially in regions with high surface reflectance.

Neglecting forward model errgsigure22 shows the dependee®f AMF on SZA, VZA, AS, wavelength, @column, and,

SO, profiles. The AMFswerecalculated with SCIATRAN BoAMFs usingsix assumed Sgprofiles. Heresix SQ profiles

were constructed, representing clean conditions, low, medium, and high anthropogermiSbns, volcanic degassing

with plume heights around 2 km, and volcanic eruptions with plume heights aroundA& lshown inFig. 22, although
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- p : Asshownin Eg. 3, the shape betSQ vertical profile
is important for the calculation of AMF. Since the actual vertical
distribution of atmospheric S@s often difficult to get, a priori
profiles from models are commonly used in AMF calculations. Fc
regions with anthropogenic emissions, atmospheric chemistry m
like GEOSChem and TM5 are often used to provide global SO
profiles for AMF calculationThe uncertainties in the $@ertical
profile can introduce errors into AMF calculations. In future work
we aim to incorporate higtesolution and satellitsynchronized SO

vertical profiles to improve the accuracy of AMF.
10, v, Q |
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AMF values are generally close tb under typical atmospheric and surface conditions {nefsnowcovered), the

magnitude of biases introduced by #implified AMF approacfAMF=1 for clean regions and néce/snowcovered areas,

while the other is AMF=2 for the ice/snevovered areas)aries significantly withdifferentconditions Surface albedcs the

major factor affecting AMF accuracfor instane, AMFs can differ by up to a factor of three between AS = 0.05 and AS =

0.8. Furthermore, ashownin Eg.2 andFig. 22, the shape of the S@ertical profile is critical for accurate AMF calculation.

In extreme scenarios, such as volcanic eruptions with plume altitudes around 6 kmyanth®@s of 120 DU e use of a

simplified AMF may lead to an overestimation of total 3y a factor of 1.52. Since the actual vertical distribution of

atmospheric S@is often difficult to get, a priori profiles from models are commonly used in AMF calculations. For regions

with anthropogenic emissions, atmospheric chemistry models like GH@8 and TM5 are often used to provide global

SO profiles for AMF calculationThe uncertainties in these profiles calso propagate into AMF calculationtn future

work, we aim to incorporate higtesolution and satelliteynchronized S@vertical profiles to improve the accuracy of AMF.

Additionally, for SQ retrievals from hip spatial resolution satellite observations, it is often necessary to build-ANBBX

lookup table (LUT) by using radiative transfer model that considers variables such as SZA, VZA, RAA, AS, HS, wavelength,
O3 column, and cloud cover. The corresponding Bd#F values for each satellite observation pixel are then obtained
through interpolation within the LUT. This approach significantly improves the efficiency of retrieval, avoiding excessive
computational time that would result from repeatedly runningab@tive transfer model. However, the LUT approach may
introduce new errors into the B&MF results. First, LUT are typically constructed based on specific atmospheric
conditions and forward input parameters, which may not accurately represent realhatinospnditions. Secondly, the

interpolation process within the LUT introduces further uncertainties into theABtixresults.
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Figure 2Q: Variation of Box-AMF with SZA, VZA, RAA, AS, HS, wavelength, and Q column. The default SCIATRAN settings for [_ p 2020
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conditions, low, medium, and high anthropogenic S@emissions (q) AssumedSO; profiles corresponding tovolcanic degassing

with plume heights around 2km, and volcanic eruption with plume heights around 6 kmThe default SCIATRAN settings for
Box-AMF calculation are as follows: wavelength=320 nm, clear sky, HS=0 km, 9275 DU, AS=0.05, SZA=32.9; VZA=0¢
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5.3Errors from background offset correction

Backgroundoffsetcorrection is essential for the initial $€olumn retrievaldrom satellite observations which usually have
systematic overestimation or underestimation proble#asvever, it is hard to get the accurate background offset fer SO
retrieval of each pixel. In this study, an iterative sliding correction scheme for bacéigsfiset correction was applied to
initial OMS SQ retrievals, with the purpose of forcing 5@lues over clean or low S@mission regions to zero. This

approach helps addressing problems such as -#laclg stripes and crogsack asymmetry. However, ¢hsliding window

)+T (r)10 (T )T

e

strategy assumes that pixels with values smaller than the threshold (2 DU) within the sliding window represent zero SO

emissions, which may lead to a loss of;@@ormation contained in the lowmission regions. This not only could lintlite
applicability of the OMS S@product for monitoring anthropogenic emission sources, but also may les@himegative

retrievals of S@column in clean regions. Furthermore, ;S€trievals at certain crodgck positions (assumed to be clean

nearzero) may exceed the 2 DU threshold, requiring the threshold to be adjusted upwards to achieve a better effect after

background offset correction. Therefore, although the current glidindow strategy helps mitigate background errors, it

may also affect the accuracy of OMS S@lumn retrievals.

6 Conclusions and future work

This study utilized TOA reflected radiance data from the Chinese FY3F/RMttrument, launched in August 2023 to

retrieve global S© columns with a DOAS approach. Based on the characteristics of the OMS instrument and f

performance of its L1 dat specific schemes including solar spectrum selection, spectral soft calibration, and backgrou

offset correction were developed to effectively reduce atomzk stripes and acrossick asymmetry in the initial OMS SO

retrievals.

The OMS SQ retrievds were compared with TROPOMI DOAS and TROPOMI COBRA, $ducts in clean oceanic

regions, under volcanic eruption conditions, and in anthropogenic emission regions. The comparison results indicate

OMS retrievals show reasonable agreement with TROP@bHucts havegood stability in clean oceanic regioasdcan

be usedo monitor S@ emissions from volcanic eruptions and anthropogenic sourceslectedtlean oceanic regionthe

SQ values ofboth OMS and TROPOMI follow approximately a normal distribution centered around 0, with most valueg

concentrated betwee® DU and 2 DUForthe Sundhntkur and Nyamuragira volcanic eruptions, FY3F/OMS i8tiievals

successfullcapture the spatial distributicand highconcentration plumes of volcanic §Gimilar to the TROPOMI DOAS

: This study utilized TOAeflectedradiancedata from
the Chinese FY3F/OMSI instrument, launched in August 20@8
retrieveglobal SO; columns with a DOAS approacBased on the
characteristics of the OMS instrument and the performance of its
data, specific schemes including solar spectrum selection, spect
soft calibration, and background offset correctionengeveloped to
effectively reduce alongrack stripes and acrosack asymmetry in
the initial OMS SQretrievals. The OMS SQetrievals were
compared with TROPOMI DOAS and TROPOMI COBRASO
products in clean oceanic regions, under volcanic eruptioritmorg]
and in anthropogenic emission regions. The comparison results
indicate that OMS retrievals show good stability in clean oceanic
regions and have the capability to monitor,®@®issions from
volcanic eruptions and anthropogenic sources. In partjdotahigh
latitude regions with large observation angles (Norilsk region),
FY3F/OMS can clearly capture the S@umes from anthropogenic
emissions. Overall, with its high spectral and spatial resolution,
morning overpass time, daily global coverage, rtidble SQ
retrieval results, OMS will provide effective data support for
monitoring the continuous S@hanges from global volcanic
eruptions and anthropogenic activities, helping to fill the spatial ¢
temporal gaps in the existing global satelliggwork.

and TROPOMI COBRA 7 knS0, results.Over the Sundhnkur volcano, OMS and TROPOMI DOAS show a high [

N ]
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correlation of ~0.87, and OMS and TROPOMI COBRA reach ~0.76, indicating goodllovgreementHowever,OMS
tends to underestimate $&t high colums (>50 DU) due to saturation in the 31326 nm fitting window.n anthropogenic

emission regionsOMS and TROPOMISO, products show generally good consistency in detecting anthropo§€hic

emissions, with correlation coefficients ranging from about@fover the Persian Gulf and up to 6:9.83 over Norilsk.

The differences between OMS and TROPOMI,$€sultsmay be related to differences in local overpass dirspatial

resolution observation anglesnd thell and L2 processing algorithngs.qg., differences in L1 radiometric and spectral

calibration methodsSO; retrieval fitting windows, AMF strategigsAmong thesethe AMF usedin the SO column

retrievalis a major contributor to the differencestween OMS and TROPOMI S@esults For example, in the case of the

Sundhnikur volcano, the lack of accurate information on the verticalp&sfile can lead taliscrepancies afnore thana

factor of two when coparing theOMS and ROPOMI SO, results Random noise and uncertainties from background

correction are relevant for low $S®cenarios, such as over the Persian Gulf, and lead to scatter in the order of several DU.

However, he results for Norilsk demonstrate that under relatively constant emission conditedsagreement can be

achievedwith a simple AMFwhen the satellite overpass tiswre well matched.

In summary, the agreement between the OMS and TROPOMI measurésneititsn expectationstaking into account the

differences in satellite overpass times and the uncertainsesiated with AMF assumptiongVith its high spectral and

spatial resolution, morning overpass time, daily global coverage, and reliablee@éval results, OMS will provide

effective data support for monitoring the continuous, $Banges from global volcanic eruptions and anthropogenic

activities, helping to fill the spatial and temporal gaps in the existing global satellite network.

The curret OMS SQ retrievals still have several shortcomings that need to be addressed in the future. Due to the lack of a
prior SGQ and temperature profiles, a simplified approach that uses two constant AMF values for typical conditions was
applied for the OMS S; conversion from SCD to VCD in this study. More work will be needed to incorporate accurate and
satellitesynchronized S@vertical profiles to improve the accuracy of AMF. Another issue that needs to be addressed in the
future is the simultaneous retri of volcanic eruption heights, which would help improve the accuracy pfed@evals in

volcanic regions. Additionally, the 323226 nm retrieval fitting window used in the OMS S@oduct exhibits nonlinear
variation in the case of very large S@nentrations, leading to an underestimation of, 8&lumns. In the future, SO

retrievals from longer UV wavelength fitting windowarying with SQ columns will be incorporated into the operational [—

)

: or nonlinear spectral fitting or correction factors

)

OMS SQ products to mitigate the saturation issue in the case of large volcanic eruptionseliminary strategy for such

retrievals is as follows. First, a global S&lumn retrieval is performed using the 3326 nm window. Pixels exceeding a

threshold (e.g >50 DU) are flagged as potentially saturated. For these flagged pixels, additional retrievals are conducted

using the 325335 nm and 366890 nm windows. If the new retrievals are within a reasonable range and exceed-the 312

326 nm results, the maximunalue from the 325335 nm or 360390 nm windows replaces the original retrieval; otherwise,

the 312326 nm retrieval is retained.

Furthermore, although in this study the comparison between OMSr&@evals and TROPOMI SOproducts was
conducted to demorrstte the capability of OMS SQetrievals, synchronous and highality groundbased or airborne
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measurements remain crucial for validating the accuracy of OMSe®@vals. In the future, groudzased and airborne
experiments need to be conducted tovjmte accurate grounbdased or airborne data for the validation of OMS, SO

retrievals.
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