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The role of atmospheric ozone

Ozone plays a crucial role in climate formation, and it shields life on Earth from
harmful UV radiation. Ozone in the troposphere is a pollutant and greenhouse
gas. Therefore, it is essential to monitor both total and tropospheric ozone
columns.

The global ozone monitoring system includes remote, ground-based, and local
methods. Only satellite methods can be used to monitor the global distribution
of ozone.

Satellite methods that use the measurements of outgoing thermal radiation
provides information on ozone not depending on solar illumination.

We present the techniques for deriving information on total ozone columns
(TOCs) and tropospheric ozone columns (TrOCs) from spectra of outgoing
thermal radiation measured by the IKFS-2 instrument aboard the “Meteor-M”
No. 2 satellite, which are based on the artificial neural network (ANN) approach
and the principal component (PC) analysis.



Methods for measuring the atmospheric ozone content

1. Insitu: near surface, aircraft, balloon (ozonesondes)

2. Remote

1. Ground — based (local)
1. Direct Solar Radiation: IR,UV, VID

FTIR; Dobson and Brewer instruments — «reference standard»

2. Scattered solar radiation UV, VID, NIR
3. Scattered solar radiation at low Sun (Umkehr)
4. Microwave thermal radiation
5. Lidars
2. Satellite (global)

1.

vk wnN

Scattered-reflected solar radiation (OMI, TROPOMI)

Transmittance - Solar occultation (ACE-FTS), stars occultation

Outgoing thermal IR radiation (IASI, CrlIS, IKFS-2 etc)

Microwave radiation (limb - MLS)

Measurements of emissions in UV, VIS and NIR regions of the spectrum
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IKFS-2 instrument

The IKFS-2 spaceborne infrared Fourier-transform spectrometer measures outgoing infrared
radiance and provides data on the atmosphere for numerical weather prediction and
various applications in the field of atmospheric and climate sciences.

IKFS-2 is one of the key instruments of the Meteor-M No2 satellite. The instrument was
developed by the Keldysh Research Center together with Krasnogorsky zavod and Bauman

State Technical University (Moscow).
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Ozone retrieval technique

Input H:'L‘dden Output
f f —activation function
- 17 xj — one of input parameters
b}, a)ilj, w?,b? - coefficients
)2 f—QO v '
ny-1 f
f Artificial neural network (ANN) is a three-layer

perceptron. Activation function is logistic.
Ay — 2 N 2 1 N 1
Ozone =y = f(b° + X, 0 wif(b; +Xj—1 ;X)) (1)
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Description of the retrieval technique and procedure

Algorithm for constructing the solution operator

1. Preparation of data for the training sample
1. Preparation of IKFS-2 spectral measurements (233,673,330 spectra from 2015 to
December 2022 - all data with a swath width 1000 and 1500 km)
2. Calculation of the average spectrum, covariance matrices, EOF.
3. Preparation of ozone data, OMI data for TOC and ozonesonde data for TrOC

2. Building a training sample
1. Measurement pair matching,
TOC: 70 km, 5 hours with OMI —> 20,262,148 pairs
TrOC: 200km, 24 hours with ozonosondes —> 561,625 pairs
2. Calculation of the PC and assembly of the training data sets
3. ANN training (expression (1) minimization)

4. Testing of various ANNs (different number of PCs, number of hidden layer neurons (NHLN),
inclusion of latitudinal-seasonal parameters in predictors)

5. Validation
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Results of the ANN training

Training for TOCs:

Training set was based on the OMI level 2 data.

Selection conditions: time mismatch less than 5 hours, distance less than 70 km.
20,262,148 pairs of the IKFS-2 spectra and OMI TOCs were selected.

Optimal predictors set: Satellite Zenith Angle, Day of the year, 50 PCs of ozone absorption
band, 25 PCs of the whole measured spectrum, 40 NHLN.

Training results: approximation error calculated with the whole (100%) data set equals 8.8 DU

Training for TrOCs:

Training set was based on the HEGIFTOM ozonosonde data collection.

Selection conditions: time mismatch less than 24 hours, distance less than 200 km.
561,625 pairs of IKFS-2 spectra and ozonosonde data were selected.

Optimal predictors set: Satellite Zenith Angle, Day of year, 35 PC of whole measured
spectrum, and 55 NHLN.

Training results: approximation error calculated with the whole (100%) data set equals
2.7 DU and 3.7 DU for layers lower 400 and 300 hPa
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Validation of the IKFS-2 TOC retrieval by comparison with ground-
based and satellite measurements

Satellite data Ground-based data
TROPOMI, QF>0.9, Dobson and Brewer,
TOCs >100 and TOCs < 650 DU Direct Sun
6 hours, 35 km 1 hour, 70 km
May 2018-Dec 2022 March 2015 — Dec 2022
Bias, % SDD, % Bias, % SDD, %
-2.22 2.73 -0.41 2.67
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Validation of the IKFS-2 TOCs by comparison with ozonosonde data

Ozonosonde data
HEGIFTOM homogenized data

1 hour and 70 km distance (for South The differences are consistent
Pole 200 km distance) with the uncertainty of the TOC
retrievals obtained from the

March 2015 - Dec 2022 (for South Pole ozone sounding data.

2021-2022)

Single stations Specific conditions of

comparison for the South Pole

Bias, % SDD, % stations are caused by the
Meteor-M N2 satellite orbit and
-1.6-6.9 5.3-11 the swath width of IKFS-2
Mean
Bias, % SDD, %

1.2 7.9



Ozone total column, DU

Validation of the IKFS-2 TOCs by comparison with ozonosonde data
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TOCs obtained from ozonesounding data and IKFS-2 daily averaged TOCs in a circle with a radius of 500
km and a center at the South Pole station. The periods of the polar night are highlighted in color.
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Ozone total column, DU

Validation of the IKFS-2 TOCs by comparison with ozonosonde data
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TOCs obtained from ozonesounding data and the IKFS-2 daily averaged TOCs in a circle with a radius of 70
km and a center at the Eureka station (80°N). The periods of the polar night are highlighted in color.
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Validation of the IKFS-2 TrOCs comparison with the FTIR data
Bias and SDD, DU

A o
4.2

Ground-based data [ Eureka | 282 +3.6 :
. 120 013 4.4
FTIR measurements, NDACC network, daily 553 +2.0 34
averaged TrOCs | Kiruna | 491 +1.3 3.8
IKFS-2 daily averaged TrOCs in a circle with ;53 '%-:i ;Z
: : +0. :
a radius of 100 or 200 km to GB stations = T
March 2015-Dec 2022 559 104 3.1
441 125 20
679 +19 41
: | Rikubetsu [T 12 35
Mean SDDs for sites, DU 267 19 55
184 +26 41
SoWer 100 200 [ aia  [WENECT 82 20
300 hPa 2.91 2.95 659 85 21
400 hPa [N ' o 21 G I 2
Wollongong 212 +2.7 2.8
940 2 | 2
DT 7069 2.99



IKFS-2 TOC retrievals
2020, July, 23 24 25

TOC, DU
175-200

200 - 225
225-250] 3
250- 275
275-300
300-325
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350-375
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IKFS-2 TOCs in March 2020

3 March 2020
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IKFS-2 monthly TrOC (up to 300 mbar) distribution in 2019

January March

o

IKFS-2 monthly mean
TrOC values for
January, March, July
and September 2019
(left to right, top to
bottom)

i
%"

Satellite measurements
of TrOCs allow tracking
the temporal variations
of TrOCs on global and

regional scales.
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The summer of 2021 was one of the hottest in the last 10 years of observations, especially
in July there were many fires in Siberia, also leading to an increase in TrOC in these areas.
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BbiBOAbI
Pa3paboTtaHa meTtogmKa oueHkn OCO u TpCO no cnekTpanbHbiM namepeHunam NKOC-2.
CpeaHue norpewHocTn annpokecumaumm aaHHbix OCO OMI no pa3paboTaHHOM MeToAMUKeE
coctasnatoT 8.3 e [l.
CpegHue oWnbKM annpoKCMMaLUM AaHHbIX 030HO30HAMpPOoBaHUA TpCO no pa3paboTaHHOM
meTogmKe coctasnawTt 2.7 e 1. u 3.7 e. 1. ana tponocdepHbix cnoes HUKe 400 1 300 rla.
CpasHeHune metoaukn ana NKPC-2 1 aaHHbIX Ha3eMHbIX MU3MEPEHUIN NMOKa3ano: cpeaHue
pa3sHoctn OCO coctasnatoT ot -0,6 ao -0,8%, a cTaHAAPTHbIE OTKAOHEHUA 3TUX PA3HOCTEN He
npesbiwatoT 3%.
CpasHeHune metogmkn ana NKPC-2 n paHHbix TROPOMI nokasano cpeaHmne pasHoOCTH OT -2
00 0%, cTaHAapTHbIE OTK/IOHEHUSA PA3HOCTEN COCTaBAAOT OT 2 A0 4%.
NNoka3aHo npenmyllecteo MK-metoga nepeq namepeHUaAMM MeTog0oM PacCceaHHOoro m
OTPaXKeHHOro co/siHe4yHoro nsnyyeHuna (OMI u TROPOMI), BO3MOXKHOCTb NpoBeAeHUA
N3MePEHUN B Nepuos NoAPHON HOUMN.
MoKa3aHo, YTO UCMNO/b30BaHWE AOCTAaTOYHO LUMPOKOTO U CTaTUCTUYECKM NOJIHOrO Habopa
AaHHbIX Ansa obydyeHmna MHC, ontumanbHo npoctot MHC u npogonkmutenbHoro obyyeHms Ha
BCeM Habope AaHHbIX MO3BOJIAOT NOCTPOUTb TOUYHYHO 3PPEKTUBHYIO METOAUKY PELLEHMUS
obpaTHbIX 3a4a4 aTMOCHEPHOMN ONTUKMN.



Thank you for attention

We thank the GES DISC Data and Information Service Centre
for providing access to TROPOMI and OMI data,

HUL «lMnhaHeTa» 3a npepocraBieHne A0CTYNA K pe3yabTaTam
cnekTpanbHbiX usmepeHnit UK®C-2, and

the HEGIFTOM working group within the TOAR-II project for

providing access to the harmonized data of ozonesonde
measurements.

Pabota BbinonHeHa npu noaaepxKe npoeKkta CM6ry Ne 116234986.
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