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Air quality is a critical concern across Europe, particularly in urban areas where pollution levels often exceed safe thresholds. Space-borne monitoring instruments, such as those from the European Space Agency (ESA), have been instrumental in tracking and assessing key indicators of air pollutants. Among these, the Sentinel-5P 

mission, which employs the TROPOMI (TROPOspheric Monitoring Instrument), provides detailed, high-resolution data on pollutants like carbon monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and ozone (O3).

Romanian cities, as reported by the European Environment Agency (EEA), frequently rank low in terms of air quality, reflecting a need for more in-depth and systematic air pollution monitoring. This study aims to assess the air quality in Romania by comparing pollutants data recorded by Sentinel-5P for two distinct reference years: 

2020, when global lockdowns due to the COVID-19 pandemic significantly slowed economic activities, and 2024, a year characterized by typical economic and social conditions.

The data collection will focus on the first six months of each year, capturing pollution levels during both colder months, when emissions from heating tend to be higher, and warmer months, when photochemical reactions often increase ozone concentrations. By analyzing the variations between these two years, the study aims to 

identify whether the temporary reduction in industrial and vehicular activities in 2020 had a lasting impact on air pollution levels or if pollution returned to pre-pandemic levels by 2024.

To ensure a comprehensive understanding of air pollution distribution and its influencing factors, the satellite data from Sentinel-5P will be correlated with other environmental and demographic variables, including vegetation cover, topography (through digital elevation models), and population density statistics. This holistic 

approach allows for a more nuanced analysis of how different factors—such as human activities, natural landscapes, and population clusters—contribute to or mitigate the spread of pollutants.

The study will employ spatial and statistical analysis techniques to compare the pollutant concentrations across Romania for the two selected periods. A key element of the research is determining whether there are significant differences between the first half of 2020, a period marked by unprecedented reductions in traffic and 

industrial emissions due to lockdown measures, and the corresponding period in 2024, which represents a "normal" year. This comparison could reveal the extent to which air quality improved temporarily due to human restrictions and whether the effects of such an event can inform future air quality management policies.

The outcomes of this study are expected to provide critical insights into the relationship between human activities and air pollution, particularly in urban environments. The findings will contribute to a better understanding of the dynamic nature of air quality in Romania and will inform local and national authorities about potential 

strategies to improve air quality in the future. Additionally, this research could serve as a model for similar comparative studies in other European regions, helping to develop more effective, evidence-based approaches to pollution mitigation.
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• The country is divided into 10x10 km 
grid cells, with major urban centers 
marked by black icons. Bivariate color 
maps illustrate the intensity and co-
variation of environmental indicators 
in each cell.

• inverse relationship between 
vegetation health (NDVI) and air 
pollution, especially for NO₂ and SO₂.

• Urbanized and densely populated 
areas face higher levels of CO and 
NO₂, reinforcing the role of 
anthropogenic activities in air 
degradation.

• Vegetated regions in central and 
northern Romania act as natural 
buffers, showing lower pollution and 
higher NDVI values.

• Urban air quality measures should 
prioritize NO₂ and CO mitigation, 
while industrial zones need targeted 
SO₂ reduction strategies.

• Shows a cyclical pattern, with peaks also appearing in winter 

months.

• Lowest values occur in summer (June–August), when heating 

and traffic slow down.

• Some higher variability year to year, but overall levels are 

relatively stable between 0.03–0.04 mol/m².

• Seasonal peaks occur in cold months (October–January), due to 

increased heating and traffic.

• Highest spike: late 2020 - post-lockdown traffic rebound.

• A slight upward trend is visible in the most recent months (late 

2024).

• Strong seasonality with consistent drops during summer 

months (June–August).

• Displays sharp, short-term spikes near the end of each year 

(especially around November–December).

• Extreme spikes in late 2022 and late 2024 — could be due to 

point-source emissions like industry or poor fuel combustion.

• Baseline SO₂ values remain very low or near zero for most 

months, but intense peaks make it volatile.
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