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Fig. 1 Schematic diagram of ozone satellite remote sensing detection technology'*™. (a) Nadir observation; (b) occultation observations;

(¢) limb-viewing
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Fig. 2 Main ozone satellite detection sensors (ultraviolet sensors and infrared sensors)
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Table 1 Specific parameters of commonly used satellite sensors for ozone detection

Satellite

Spatial

Sensor Satellite .Res'ear'ch transit Temgoral resolution / Spectra Service period
platform institution fime resolution /d ke range /pm
GOME ERS-2 ESA 10:30 3 40320 0.24-0.79 1995—2003
GOME-2 METOP-A ESA 9:30 1.5 40X 80 0.25-0.79 2012—2023
SCIAMACHY ENVISAT ESA 10:00 6 30X 60 0.24-2.40 2002—2012
OMI AURA NASA 13:45 1 13X 24 0.27-0.50 2004—2023
OMPS Suomi-NPP NASA 13:30 1 5050 0.25-0.42 2011—2023
EMI GaoFenb China 13:30 1 13X 48 0.3-0.5 2018—2023
0.27-0. 32,
TROPOMI Sentinel-5P ESA 13:30 1 3.5X5.5 0. 31070-495, 2017—2023
0.675-0.775,
2.305-2. 385
FY-3A China 2008—2018
TOU FY-3B Meteorological 13:40 1 50X50 0. 30-0. 36 2010—2023
FY-3C Administration 2013— 2023
AIRS AQUA NOAA 13:30 1 14X 14 3.74-15. 4 2002—2023
CrIS Suomi-NPP NASA 13:30 1 14X 14 3.9-15.4 2011—2023
TES AURA NOAA 13:45 16 0.5X5 3.3-15.4 2004—2023
IASI Metop-A ESA 21:30 1.5 8040 3.63-15.50 2006—2023
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Fig. 3 Detailed explanation of retrieval algorithm for total ozone column
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Fig. 4 Main sensors and applications of ozone profile retrieval in recent years
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Table 2 Application analysis of accuracy verification of satellite ozone observation data

Source of
validation Application analysis

data

Bian et al'"" used observation data of Dobson and TOMS to analyze the long-term trend of total ozone in Beijing and
Kunming from 1979 to 2000, and found that the two data had high consistency in the measurement of total ozone.
Chen et al'""" analyzed the ozone concentration from ground-based stations and TOMS ozone observation data in

Shanghai. The results show that their trends are similar (correlation coefficient is 0. 81), but the ground-based results are

lower than the results of TOMS data.

Surface

Hong et al'"""" compared and analyzed the total column ozone obtained from OMI-DOAS algorithm with ground-based

observations in Seoul, and found that the seasonal average of ground-based observations was underestimated by 2. 68%.

Cai et al'"" used ozone sounding data to verify the ozone profile and tropospheric ozone column concentration of GOME
satellite in Lhasa, Xining and Beijing. The results show that the monthly average ozone concentration in the lowest layer
(0-2.5 km) of the GOME satellite has a good correlation with the ground observations. In addition, the average

deviation of the tropospheric column concentration is within 10%.
Radiosonde At Zhongshan Station, Amundesen-cott South Pole Station and Neumayer Station, Zhang "* verified the correlation
between the data of ozone sounding and the ozone vertical profile of the sixth edition of AIRS in 2008, and found that the
two data showed similar trends after analysis.
Chen et al''"* verified OMPS ozone profile using ozone sonde data from 2016 to 2018 in Beijing. The results show that
the relative deviation between the ozone vertical distribution of OMPS and the ozone sonde data is less than 10% in the

middle and upper stratosphere, but larger (15%-40% ) in the middle and upper troposphere.

Wang et al'""" used DOAS and multiplicative algebraic reconstruction to extract vertical ozone profiles from atmospheric
limb scattering measurements. Comparing the extracted ozone profile with the ozone measurement of SCIAMACHY ,
the deviation of the two data is less than = 10%.
Van Peet et al''"” improved the ozone profile retrieval algorithm (OPERA) and applied it to GOME and GOME-2
satellites. The ozone retrieval results of the two satellites are analyzed and verified with the data of the ultraviolet
Satellite radiation data center (WOUDC). It is suggested that the relative difference in the troposphere is 20% , while it in the
observation stratosphere is 15%.

Zawada et al'"""’ developed a two-dimensional tomography algorithm based on OMPS-LP, and compared the dataset of
the developed algorithm with the MLS observations. Within 20 minutes, the difference in the stratosphere is less than
5%.

Ma"* developed a global tropospheric ozone dataset with long time series for OMI/MLS and TOMS/SBV , which

improved the consistency of original ozone data and ground-based data by 44.89%.
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Fig. 5 Analysis of VOC, and NO, control zones in typical areas (Diagonal line in figure is ‘ridge line”)
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Abstract

Significance Ozone is an important trace gas in the atmosphere and can affect the state and process of the troposphere and
stratosphere. About 90% of ozone is concentrated in the stratosphere (10-50 km) and can absorb ultraviolet radiation from
the sun, thus affecting the atmospheric circulation and the earth’s climate, and protecting the earth’s life system. 10% of
ozone is located in the troposphere, which exerts an important influence on atmospheric chemistry, air quality, and climate
change, and its spatial distribution is affected by both cross-regional transport and regional production. The main source of
near-surface ozone is a photochemical reaction, and its main precursors are carbon monoxide (CO), nitrogen oxides (NO,),
and volatile organic compounds (VOC,). In addition, near-surface ozone concentration is also affected by meteorological
conditions and regional transport. In recent years, ozone has become the primary pollutant after PM, ; in China and even
the world, especially in summer and autumn. Correspondingly, ozone pollution prevention and control have been the focus
of air pollution control in the future.

Ozone data can be obtained by ground-based, sounding, airborne, and space-borne observations. The ground-based
observation stations can provide spatial-temporal distribution information of ozone. The data at each site are of high
accuracy and good stability with the insufficient spatial representation of the sites, and the ozone concentration in the whole
troposphere is not well-reflected. The vertical distribution characteristics of atmospheric ozone can be obtained by
sounding and airborne observations, which can be employed to verify the satellite observation accuracy. However, the lack
of spatial-temporal continuity makes it difficult to obtain the ozone distribution in a large area. As space-borne observations
are not subject to geographical restrictions, it is possible to acquire global ozone spatial-temporal distribution information
with all-weather coverage and provide hyperspectral and high-precision data. Therefore, high-precision, global, and all-

weather ozone information can be obtained based on multiple satellite detection payloads.

Progress  Currently, the global ozone detection instruments are divided into three detection methods of nadir
observation, occultation observation, and limb-viewing (Fig. 1). The total ozone column with high precision and ozone
profiles with low vertical resolution can be obtained by the nadir observation. The ozone profile can be detected by limb-
viewing and occultation observation. Occultation observation features high vertical resolution and precision, but with
limited sampling frequency and small data volume. In contrast, limb-viewing can detect ultraviolet, infrared, and
microwave bands, and it has high sampling frequency and can realize all-weather sampling. According to the detection
spectrum and detection principles, global ozone detection instruments can be divided into ultraviolet spectral detection
sensors and infrared spectral detection sensors. Based on the satellite development technologies, the inversion algorithms
of the total ozone column and ozone profile are proposed (Figs. 3 and 4), and the estimation method of near-surface ozone
is developed by integrating multi-source data. The whole layer ozone information and the vertical ozone distribution
information can be obtained from the ultraviolet spectrum and infrared spectrum of satellites respectively. The monitoring
accuracy of the total ozone column has currently reached 90% , but the inversion accuracy of the ozone concentration in the
middle and lower troposphere and near the surface needs to be improved. According to the current level of inversion
technology, the combination of various technical methods can be adopted to improve the detection capability of the middle
and lower ozone.

The application of various ozone satellite remote sensing can be carried out in the technology of atmospheric ozone
detection and inversion. Our study focuses on ozone pollution progress, including the analysis of spatial-temporal
characteristics of ozone pollution and typical pollution events, and the interaction between ozone pollution and
meteorological conditions. The different meteorological factors can affect ozone pollution precursors. Quantifying the
influence of meteorological conditions on the photochemical reaction process of ozone is an important prerequisite for
formulating scientific emission reduction schemes to improve air quality. The analysis of typical ozone pollution processes

can clarify the formation mechanism, development process, and subsequent evolution of near-surface ozone pollution.

Conclusions and Prospects The continuous development of instrument design and inversion technology of various
satellite detection payloads makes it possible for satellite remote sensing inversion and monitoring applications of ozone.

The supervision and control of ozone pollution need to find out the source and accurately evaluate the pollution cases,
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which can be gradually analyzed in precursor emissions, chemical conversion, meteorological influence, and three-

dimensional transport. The synergistic emission reduction of VOC, and NO, is the ozone treatment fundamental in China,
and it 1s also the major research direction in the next step.

Key words atmospheric optics; ozone; satellite remote sensing; inversion algorithm; precision validation; air quality;
stratospheric intrusion
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