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ANALYSIS OF OBSERVATIONAL DATA



ˤ˶ˢ˿˹ˢ ˢˤ́˻˸ˢ́ˮ˭˻ˤˢ˹ˢ ˿ˮ˿́˩˸ˢ ˸˻˹˱́˻˾ˮ˹˥̂ ̒˴˻˿́˱ ˢ́˸˻˿̅˩˾˹˻˥˻ ˽˻ˤ˱́˾̒ ˭ˢ ˨ˢ˹ˮ˸ˮ SENTINEL-5P
CUSTOM AUTOMATED AIR QUALITY MONITORING SYSTEM BASED ON THE SENTINEL-5P DATA

Developed in UHMI

algorithmsarebasedon

additionalprocessingof

averaging kernel, air

mass factor, qa-value,

and include gridding

procedure

ʉʪʚʦʨʝʥʥʷʚʣʘʩʥʠʭʧʨʦʜʫʢʪʽʚ3 ʨʽʚʥʷʘʨʭʽʚʘʮʽʾ(ʘʨʭʽʚʟ2018ʨ.):

0.1Áʜʣʪ̫ʝʨʠʪʦʨʽʾʋʢʨʘʾʥʠʪʘ2ʢʤʜʣʪ̫ʝʨʠʪʦʨʽʾʤʽʩʪ.

Developmentof customLevel-3 products(archive since 2018): 0.1Á

resolutionfor theterritoryof Ukraineand2 km for urbanareas.

Cite & sources [É]
ʆʩʘʜʯʠʡ ɺ., ʆʨʝʱʝʥʢʦ ɸ., ʉʘʚʝʥʝʮʴ ʄ. (2023) ʉʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʧʦʞʝʞ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. https://doi.org/10.15407/uhmi.2023_1

SavenetsM. et al. (2022). In Meteorological Applications. https://doi.org/10.1002/met.2108

Savenets, M. et al. (2022). In Geology. Geography. Ecology. https://doi.org/10.26565/2410-7360-2022-57-15

ʉʘʚʝʥʝʮʴ,ʄ.ɺ. (2023).ɺʽʩʥʠʢʅɸʅʋʢʨʘʾʥʠ. https://doi.org/10.15407/visn2023.09.080

ʉʘʚʝʥʝʮʴʄ.ɺ. ʪʘ̔ʥ. (2023).ʋʢʨʘʾʥʩʴʢʠʡʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡʞʫʨʥʘʣ. https://doi.org/10.31481/uhmj.32.2023.09

https://doi.org/10.15407/uhmi.2023_1
https://doi.org/10.1002/met.2108
https://doi.org/10.26565/2410-7360-2022-57-15
https://doi.org/10.15407/visn2023.09.080
https://doi.org/10.31481/uhmj.32.2023.09


(a) April 2020 wildfires

(b) June 2021 dust storm event

Transboundary pollution from the Cumbre 
Viejavolcanic eruption (October 2021)

Cases of heavy local anthropogenic pollution
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Air temperature vertical distribution during February 2025 (Kyiv)
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Wind speed vertical distribution during February 2025 (Kyiv)
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ɺʠʧʘʜʦʢʚʠʩʦʢʠʭʨʽʚʥʽʚ

ʟʘʙʨʫʜʥʝʥʥʷʫʤ. ʂʠʾʚ,

20-21.09.2024. ʊʝʧʣʦʚʽ

ʘʥʦʤʘʣʽʾʫʤʽʩʮʷʭʧʦʞʝʞ

ʪʘʧʦʰʠʨʝʥʥʷʜʠʤʫ

Case of high pollution

levels in Kyiv on

September20ï21, 2024.

Thermalanomaliesat fire

locations and smoke

dispersion.
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BUT!!!

ʇʨʦʩʪʦʨʦʚʠʡʨʦʟʧʦʜʽʣ

ʟʘʛʘʣʴʥʦʛʦʚʤʽʩʪʫNO2 ʥʘʜʤ.

ʂʠʾʚ, ʦʪʨʠʤʘʥʠʡʟʦʧʝʨʘʪʠʚʥʠʭ

ʜʘʥʠʭʩʠʩʪʝʤʠʚʠʷʚʠʚʱʝʦʜʠʥ

ʯʠʥʥʠʢ

The spatial distribution of total

NO2 contentover Kyiv, obtained

from the operationaldata of the

system, revealed another

contributingfactor.
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ʗʢ ʚʠʛʣʷʜʘʚ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ NO2ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ

How did the spatial distribution of NO2 look like on a regional scale over the territory of Ukraine?
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ɺʧʨʦʚʘʜʞʝʥʥʷʥʘʫʢʘʩʪʠʥʛʫʚʋʢʨʘʾʥʽʚʥʘʧʨʷʤʢʫʷʢʦʩʪʽʘʪʤʦʩʬʝʨʥʦʛʦʧʦʚʽʪʨʷʽʟʚʠʢʦʨʠʩʪʘʥʥʷʤʜʘʥʠʭʥʦʚʦʛʦ

ʩʫʧʫʪʥʠʢʘSentinel-4 (ʟʘʧʫʱʝʥʠʡ1ʣʠʧʥʷ2025ʨ.).

Implementationof nowcasting in Ukrainefor air quality usingdatafrom thenewSentinel-4 satellite(launchedon July

1, 2025).

Partof theEUMETSATMTG CoreGroundSegment

Revisittime: 1 hour

Horizontalresolution: 8 km

Bands: UV (305-400nm),VIS (400-500nm) andNIR (750-775nm)

Level-2 products: O3 total column, troposphericsub-column, NO2 total

column, tropospheric sub-column; SO2 total column; HCHO total

column; CHOCHO total column; aerosolparameters; andother

SENTINEL-4 Geographical
CoverageArea (GCA)Reference
Area (RA) and Observation
ZenithAngle(OZA). (Credit: ESA)
Source:
https://sentinels.copernicus.eu/
web/sentinel/missions/Sentinel-
4/satellite-
description/geographical-
coverage

ɺ ʋʢʨɻʄɯʨʦʟʧʦʯʘʪʦʥʘʧʠʩʘʥʥʷʩʢʨʠʧʪʽʚʪʘ

ʧʨʦʛʨʘʤʥʠʭʤʦʜʫʣʽʚʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ

ʦʧʝʨʘʪʠʚʥʦʛʦʦʙʨʦʙʣʝʥʥʷʜʘʥʠʭSentinel-4.

The developmentof scripts and programmingmodules

has begun at UHMI for the automated operational

processingof Sentinel-4 data.

https://sentinels.copernicus.eu/web/sentinel/missions/Sentinel-4/satellite-description/geographical-coverage


Experiments to study urban pollution

CO mean concentrations 
during weather phenomena

CO mean concentrations during 
warm and cold periods

CO variation coefficients at 
monitoring sites

The dependence of pollutants 
on wind speed and direction 
(example of Lviv, site No4)

Dust (TSP) NO2 SO2

CH2O CO

NO2 CH2O

Correspondence between TROPOMI content and ground-level observations

clear-sky

rain

snow

fog   .

ˢ˹ˢ˶˱˭ ˨ˢ˹ˮ̆ ˹ˢ˭˩˸˹ˮ̆ ˿˽˻˿́˩˾˩ˬ˩˹̎
ANALYSIS OF GROUND-LEVEL OBSERVATIONAL DATA
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THE ASSESSMENT OF THE WAR CONSEQUENCES BASED ON THE REMOTE 
SENSING AND GROUND-LEVEL OBSERVATIONS



˽͍͙͚ͪͦͫͭͦͪͦͪͦͨͦ͒͘͜͡
͙͔͔ͣͤͫͪ͒ͤ͘͜͜ͻͤ͊͘;͔ͤΈ
͎͊͊͘͡Έ͎͍ͤͦͦͣͫͭͯ͜ό %ͯ)
͊ͨ͘ ͔ͪͦ͒͜2022ς2024ͪ .ͪ
͍͒ͤͦͫͤͦ͜2019ς2021ͪ .ͪ

The spatialdistribution of
average change in
total/troposphericcolumn
(in %) for the period of
2022-2024 in relation to
2019-2021

NO2 CO

SO2CH2O

˻̇˱˹̑ˤˢ˹˹̒ ˹ˢ˿˶˱˨˴˱ˤ ˤ˻̐˹˹ˮ̆ ˨˱˯ ˭ˢ ˨ˢ˹ˮ˸ˮ ˿̂˽̂́˹ˮ˴ˢ SENTINEL-5P
THE ASSESSMENT OF THE WAR CONSEQUENCES BASED ON THE SENTINEL-5P DATA

Consider bad signal-to-noise ratio 
in SO2 and CH2O retrievals!!!
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˽͙ͪ͊͒͟͡ ͙ͣͤ͘͜ ΅͜͡Έͤͦͫͭ͜ ͪͦͨͦ͒ͯ͘͜͡ ͚͍͔͚ͣͦͪͤͦͫͭ͜ 
ͤ͊͘;͔ͤΈ ͊͋ͪͯ͒ͤ͘ΌΌ;͙ͻ ͔ͪ;͍͙ͦͤ

The example of changes in density probability functions for pollutants

Mean change:
-3% Zhytomyr
-5% KryvyiRig

Mean change:
-11% Kyiv
-17% Mariupol

Mean change:
+16% Lviv
-55% TrypilliaTPP

In plots, mean and 
standard deviation 

were chosen for 
certain period!!!

˭͙ͣͤ͜ ͍͎͙ͫͭͦͨͦͤ͊͜͡͡͡Έ͎ͤͦͦ ͔͊ͪͦͦ͘͡Έ͎ͤͦͦ ͔ͤ͒ͫͯ͜͟
Absorbing aerosol index (AAI) changes

Mean change:
+54% Kyiv
+63% Mariupol

˽͜;͒͊ͫ͊ͤ ͔͊ͯ͊ͪͦͦ͘͘͜͡͡Όό͍͔͙ͭͪ͒ͻ;͊ͫͭͦ͟ύ͍ͨͦͭͪ͋ͤͦͪ͊͜ͻ͍͍͙ͦͯ͊ͭ
ͺ͊ͭͦͪͪͦͫͭ͊ͤͤ͘͟Ύ͎͔͔͔͔ͭͪ͊ͤͫͦͪ͒ͦͤͤͦͦͨͪͤͫͤͤ͟Ύ
The increasein transboundarytransportation must be considered
duringaerosolparticlesanalyses
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THE ASSESSMENT OF THE WAR CONSEQUENCES BASED ON THE SENTINEL-5P DATA. SHORT-TERM CHANGES

ʌʦʪʦ: 
t.me/zsuwar

Difference in NO2 content (mol m-2) between 2022 and mean 
over 2019-2021 for March

Aerosol mass concentration after missile 
attack to oil depot

wildfires near the front line

Consequences of shelling
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ˢ͎͙ͦͪͭͣ͡ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͺ͊ͭͯ͟ ͍͔͔ͨ͒ͭͪ͒͗ͤͤ͜Ύ ͍ͤ͊ͫ͒͜͟͜͡
Algorithm for establishing the confirmation of consequences

˻ͺ͜ͼ͚ͤͦ͜ ͍͔͔ͨ͒ͭͪ͒͗ͤ͜͜ ;͊ͫ 
ͭ͊ ͣͫ͜ͼ͔ ͯ͒͊ͪͯκ time and 

place areofficially confirmed

˹͊Ύ͍ͤͫͭ͜Έ ͔͙ͤ͊ͣͤ͘ͻ 
͔͔͔ͫͨͦͫͭͪ͗ͤΈκ availability of 

observational data

ˢͤ͊͘͜͡ ͔͔͎ͣͭͦͪͦͦ͜͡;͙ͤͻ ͙͒͊ͤͻ ͒͡Ύ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ 
͔͔͔͔ͨͪͤͫͤͤΎ/ meteorological data processing for considering air 

masses transportation

˸ͫ͜ͼ͔ ͯ͒͊ͪͯΣ ;͊ͫ ͍͙͙͍͒͟͜Σ ͫͭͪͦ͟ ͔͔͔ͫͨͦͫͭͪ͗ͤΈΣ ͤ͊ͨͪΎͣͦ͟ 
͔͔͔͔ͨͪͤͫͤͤΎ ͍͙ͨͦͤͤ͜ ͍ͨͦͤͫͭ͜Ό ͎͍͙ͯͦ͒͗ͯ͊ͭͫ͘Ύ/ targeted place, 

time of emissions, observational time andagreement with air masses 
transportation must be fully linked

̅ͯͭͯ͊͟͡ͼ͜Ύ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝ ͊͋ͪ͘Φ ͔ͪ;͍͙͙ͦͤ ͔ͤ ͎ͯͦ͒͗ͯ͘ΊͭΈͫΎ ͘͜ 
͍͙͘;͙͙ͤͣ ͍͊ͪ͊͜ͼ͜Ύ͙ͣ / ǘƘŜ ŦƭǳŎǘǳŀǘƛƻƴ ƻŦ ǇƻƭƭǳǘŀƴǘΩǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴ 

did not reflect usual variations

ˤͪ͊ͻ͍ͯ͊ͤͤΎ ͤ͜΄͙ͻ ͔͔͒͗ͪ͡ ͍͙͙͍͒͟͜Σ ͍͟͡Ό;͊Ό;͙ ͔ͨͦ͗͗͜ ͍ 
͔͙͔ͦͫͫͭͣ͊͟ͻ / consideration of other emission sources, incl. wildfires
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Confirmed cases of air pollution increase 
after missiles & drones attacks

(in general, only 255 cases for 2022-2024)

¢ƘŜ ŀǾŜǊŀƎŜ ǇƻƭƭǳǘŀƴǘǎΩ ƛƴŎǊŜŀǎŜ όƛƴ ҈ύ ŀŦǘŜǊ ƳƛǎǎƛƭŜǎ ϧ ŘǊƻƴŜǎ 
attacks for confirmed pollution elevation at monitoring sites 
(redςall cases, greyςoil depots, greenςenergy objects)



˻̇˱˹̑ˤˢ˹˹̒ ˹ˢ˿˶˱˨˴˱ˤ ˤ˻̐˹˹ˮ̆ ˨˱˯ ˭ˢ ˨ˢ˹ˮ˸ˮ ˹ˢ˭˩˸˹ˮ̆ ˿˽˻˿́˩˾˩ˬ˩˹̎
THE ASSESSMENT OF THE WAR CONSEQUENCES BASED ON THE GROUND-LEVEL DATA

˾͍͊ͤ͗ͦ͊ͤ͜ ͊͘ ͍͔͙͡;͙ͤͦΌ ͙ͣͤ͘͜ ͔͔ͫͪ͒ͤ͜ͻ ͎͋͊͊ͭͦͪ͜;͙ͤͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͚͜ όͯ ͎ͣκͣ3ύ ͊͋ͪͯ͒ͤ͘ΌΌ;͙ͻ ͔ͪ;͍͙ͦͤ ͤ͊ ͨͦͫͭ͊ͻ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ ͊͘ ͔ͨͪͦ͒͜ нлннςнлнп ͪͪΦ ͍͒ͤͦͫͤͦ͜ нлмфςнлнм ͪͪΦ
Ranked by the magnitude of change in average long-term concentrations (in mg/m3) of pollutants at monitoring stations for the period 2022ς2024 relative to the period 2019ς2021.

ɿʘʛʘʣʴʥʽʟʤʽʥʠʷʢʦʩʪʽʧʦʚʽʪʨʷʫʤʽʩʪʘʭʥʦʩʷʪʴʣʦʢʘʣʴʥʠʡʭʘʨʘʢʪʝʨ. ʉʝʨʝʜʜʦʩʣʽʜʞʝʥʠʭʥʘʩʣʽʜʢʽʚʤʦʞʥʘʚʠʦʢʨʝʤʠʪʠ

ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʝʟʨʦʩʪʘʥʥʷʨʽʚʥʽʚʧʨʠʟʝʤʥʦʛʦʟʘʙʨʫʜʥʝʥʥʷʫʍʝʨʩʦʥʽ,ʉʣʦʚôʷʥʩʴʢʫʪʘʂʨʦʧʠʚʥʠʮʴʢʦʤʫ; ʪʘʦʩʦʙʣʠʚʦ

ʟʥʘʯʫʱʝʟʤʝʥʰʝʥʥʷʫʂʘʤôʷʥʩʴʢʦʤʫ,ʂʨʝʤʝʥʯʫʟʽʪʘʂʨʠʚʦʤʫʈʦʟʽ.

Overall changesin air quality in cities have local features. Among the observedeffects,the most significant increasesin

ground-level pollution were recordedin Kherson,Sloviansk,andKropyvnytskyi, while particularly notabledecreaseswere

observedin Kamianske, Kremenchuk, andKryvyi Rih.

ϭʅɼʈ ˉ8/24 çʈʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦ-ʤʦʜʝʣʶʶʯʠʭ ʟʘʩʦʙʽʚ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠè (2024-2026 ʨʨ., ʈʂ0124U000391)


