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the manufacturing industry, and the use of fossil fuels 
in industrial and residential activities (Angelevska 
et al., 2021; Ghasempour et al., 2021). Carbon monox-
ide (CO), nitrogen dioxide  (NO2), ozone  (O3), sulfur 
dioxide  (SO2), and particulate matter (including  PM10 
and  PM2.5) emissions from human and natural sources 
have a substantial influence on individual health and 
well-being (Gopalakrishnan et  al., 2018). With more 
than half of the world’s population living in cities, 
the impact of air pollution on public health must be 
addressed. Energy consumption, industrial emissions, 
and automobile traffic all rise when cities develop 
in population and size, all of which can have a nega-
tive impact on air quality (Kahyaoğlu-Koračin et  al., 
2009). Conversion of forests, grasslands, and cropland 
to urban development, industrial complexes, and big 
commercial areas frequently results in increased emis-
sions. Urban sprawl is the most severe example of this 
sort of growth, characterized by dispersed patterns of 
low-density development, which is frequently auto-
mobile-oriented (Superczynski & Christopher, 2011). 
Inevitably, air quality varies based on land cover and 
as the environment changes. The air quality impacts of 
different land covers have been researched in a number 
of studies. Thus, the air quality impacts of grasslands 
and shrublands have been investigated in the USA 
(Gopalakrishnan et al., 2018) for the primary purpose 
of estimating the pollution removal capacity of canopy 
cover on a national level. Spatial interpolation of air 
pollution measurements was done, and the land cover 
was considered (Janssen et  al., 2008). As a land use 
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Introduction

Poor air quality is one of the most serious and press-
ing problems in emerging nations, and it is mainly 
caused by increasing urbanization, the development of 
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pattern, CORINE land cover maps were employed, 
which were divided into numerous types. In situ data, 
however, were utilized in the previous research. For 
credible decision-making to mitigate the impact of air 
pollution, continuous and reliable air quality monitor-
ing is essential.

Remote sensing techniques and geo-information 
systems provide complementary information for 
unreachable areas and for acquiring information 
about the Earth, such as land and sea surface tem-
perature (Khorrami et  al., 2019; Nacef et  al., 2016), 
vegetation cover (Gao et  al., 2020), and air quality 
(Kaplan & Avdan, 2020a, 2020b), and even predict 
and evaluate natural disasters (Çömert et  al.,  2019). 
Long-term spatiotemporal air quality monitoring [11, 
12] at diverse scales is thus conceivable using satel-
lite-based remote sensing methods (Kaplan & Avdan, 
2020a, 2020b). Satellite observation for air quality 
has been used for over four decades, starting with 
the launch of the Total Ozone Monitoring Instrument 
(TOMS) in 1978, GOME in 1995 (Burrows et  al., 
1999), Ozone Monitoring Instrument (OMI) in 2004, 
and Sentinel-5 Precursor Tropospheric Monitoring 
Instrument (Sentinel-5P TROPOMI) in 2017, and 
satellite instruments are designed to observe several 
gases in the Earth’s stratosphere and troposphere. 
For example, Jabeen and Khokhar (2019) used low-
spatial resolution OMI satellite data for monitoring 
the atmospheric burdens of  SO2 over Pakistan over 
a time period of 2005–2016, while Hou et al. (2019) 
used OMI satellite data for investigating the tempo-
ral and spatial dynamics of  NO2 over China. Oner 

and Kaynak (2016) evaluated the  NOx emissions 
from available inventories using satellite  NO2 retriev-
als from OMI over Turkey. TROPOMI, compared to 
other air-quality monitoring satellite instruments, has 
a reasonably high spatial resolution, which is required 
for air quality applications (Abida et al., 2016). Since 
the launch of Sentinel-5P, several researchers have 
used the TROPOMI in various air monitoring studies. 
Thus, Kaplan et  al. (2019) used TROPOMI data for 
monitoring the  NO2 over Turkey and correlate it with 
population density, Theys et  al. (2019) investigated 
volcanic  SO2, and Borsdorff et  al. (2018) presented 
the first results of measuring CO with TROPOMI 
over China. Statistical analyses of the global compari-
son between TROPOMI and ground-based measure-
ments show a small percentage difference (Garane 
et al., 2019).

With the availability of data from TROPOMI, and 
notably the COVID-19 epidemic, researchers began to 
explore the effect of the new situation globally, and the 
number of air quality and air pollution studies using 
remote sensing data rapidly increased (Fig.  1). The 
first Copernicus mission and the most current satellite-
based sensor for air quality monitoring, Sentinel-5P’s 
TROPOMI, launched on October 13, 2017, is the first 
Copernicus mission and the most recent satellite-based 
sensor for air quality monitoring. It has been providing 
high spatiotemporal resolution data for monitoring air  
quality indicators, including the Absorbing Aerosol 
Index (AAI or UVAI),  O3, CO,  NO2,  SO2,  CH4, cloud 
characteristics, and formaldehyde (HCHO). Impacts 
on people’s daily activities and migratory patterns have 

Fig. 1  Number of papers 
published in the Web of 
Science with “Remote 
Sensing” and “Air Quality” 
author keywords
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resulted in many environmental changes. Some of the 
first data on this topic were released for Turkey, where 
half reduced  NO2 levels in major cities such as Istanbul, 
Bursa, Kocaeli, and Yalova during the first month of the 
COVID-19 lockdown (15 March–15 April) (Kaplan & 
Avdan, 2020a, 2020b). Similar results for Turkey were 
also published in a wider span of time (Ghasempour 
et  al., 2021). On the same topic, a number of studies  
have been undertaken across the world (Berman & 
Ebisu, 2020; Elshorbany et  al., 2021; Fan et  al., 2020; 
Ghahremanloo et  al., 2021; Metya et  al., 2020; Qiu 
et al., 2021; Tobías et al., 2020). The positive effects of 
people’s daily migration restrictions are evident in most 
of the studies. However, none of the research cited has 
looked at the influence of various land cover types. 
Until recently, the majority of studies concentrated on 
land cover changes and their impact on the environment  
(Kafy et al., 2020; Tadese et al., 2020).

The pandemic outbreak prompted absolute lock-
downs in the majority of countries throughout the 
world, posing new research issues. This is the first time 
in Earth’s history that we have data from remote sens-
ing sensors before, during, and after a pandemic, and 
for the first time, this data can be utilized to monitor air 
quality. Because of recent developments in the remote 
sensing field, such as the Google Earth Engine (GEE), 
this massive amount of data can only be analyzed in 
a short length of time. GEE is a cloud-based geospa-
tial processing application that allows users to conduct 
analysis fast. All of the data in GEE has an open-source 
component. These data are from the last 40 years and 
may be utilized to undertake global data mining. Tur-
key has been selected as a study area, and the study 
objectives are as follows: (i) evaluating the air and tem-
perature parameters over different land cover classes; 
and (ii) evaluating the results regarding COVID-19 
restrictions.

Materials and methods

Study area

Turkey is a transcontinental country centered on the 
Anatolian peninsula in Western Asia, with a minor 
component in Southeast Europe’s East Thrace. Turkey 
is administratively organized into 81 provinces under 
this unified framework. Turkey is split into seven 
regions and twenty-one subregions for topographical, 

demographic, and economic reasons. Turkey’s Aegean 
Sea and Mediterranean Sea coasts have a hot-summer 
Mediterranean climate, with hot, dry summers and 
warm-to-chilly, rainy winters. Turkey’s Black Sea 
coast has a moderate Oceanic climate with warm, 
rainy summers and mild to cold, wet winters. Warm-
to-hot, relatively dry summers and cool-to-cold, rainy 
winters characterize the coastal parts of Turkey sur-
rounding the Sea of Marmara (including Istanbul), 
which connects the Aegean Sea with the Black Sea. 
Covering 783,356  km2, Turkey is considered a large 
country. In terms of land cover, more than 40 percent 
of the country are covered with agricultural areas.

In contrast, forests cover 15 percent of the total land 
area, primarily coastal and mountainous (Ustaoglu & 
Aydınoglu, 2019). Grasslands also cover a significant 
part of the country. Taking this into consideration, 
Turkey’s land cover can be divided into eight main 
classes: Forest, Shrubs, Grassland, Urban, Cropland, 
Barren land, Water, and Wetlands.

Regarding air quality, Turkey’s air pollution is 
the most dangerous of the country’s environmental 
problems, with levels across the country exceeding 
World Health Organization (WHO) recommendations 
(Organization, 2021; Varol et  al., 2021). Each year, 
over 30,000 individuals die from air pollution-related 
diseases, accounting for more than 8% of all fatali-
ties in the country. Road transport and coal are major 
pollutants in Turkish cities, but vehicle density is the 
most crucial factor impacting air pollution levels. 
COVID-19 restrictions reduced air pollution in major 
cities in early 2020.

Materials

For the study, we use datasets from three different 
sensors. Mainly MODIS, Sentinel-5p TROPOMI, 
and NCEP/NCAR. The land cover classes were deter-
mined using the MODIS MCD12Q1 V6 product. This 
data with a spatial resolution of 500 m presents global 
land cover data for 2001–2019. In the study, the land 
cover classes from 2019 were used. This product was 
obtained by classifying MODIS Terra and Aqua data 
using the supervised classification method. Data pro-
vides different layers: land cover type 1–5, land cover 
property 1–3, land cover property assessment 1–3, 
land cover quality control (QC), and a land water 
mask. Land cover type 1 data was used in this study 
(Sulla-Menashe & Friedl, 2018). For the study, the 
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main classes of the dataset were combined into eight 
classes (Forest, Shrubs, Grassland, Urban, Cropland, 
Barren land, Water, and Wetlands; Fig. 2).

SO2, CO,  NO2,  CH4, and  O3 values, whose changes 
were examined in the study, were obtained using the 
datasets provided by the Sentinel-5P TROPOMI sen-
sor. TROPOMI measures surface UV radiation and 
concentrations of various atmospheric components, 
including  O3,  NO2,  SO2, CO,  CH4,  CH2O, and aerosol. 
TROPOMI’s four individual spectrometers measure the 
ultraviolet (UV), UV–visible (UV–VIS), near-infrared 
(NIR), and short-wavelength infrared (SWIR) spectral 
bands (ESA, 2020). Mean monthly TROPOMI data 
from January 2019 to October 2021 were used (Fig. 3).

The temperature values examined in the study 
were taken from NCEP and NCAR data. The NCEP/
NCAR Reanalysis Project is a joint project between the 
National Centers for Environmental Prediction (NCEP) 
and the National Center for Atmospheric Research 
(NCAR), and the data were acquired for the same 
period as for TROPOMI. This project aims to pro-
duce new atmospheric analyses using historical data 
and analyses of the current atmospheric situation. The 
NCEP/NCAR Reanalysis-1 Project uses a state-of-the-
art analysis/prediction system to perform data assimi-
lation using historical data from 1948 to the present. 
The data has a temporal resolution of 6 h and a spatial 
resolution of 2.5 degrees (Kalnay et al., 1996).

Methodology

In order to investigate the air quality over differ-
ent land cover classes over Turkey, several datasets 
have been selected in this paper. Data processing, 
data extraction, and data visualization were done in 
GEE. First, MODIS land cover data has been used 
to consider the spatial resolution of the air param-
eters data (Sentinel-5P, TROPOMI). The MODIS 
dataset was combined into eight land cover classes, 
Forest, Shrubs, Grassland, Urban, Cropland, Barren 
land, Water, and Wetlands. These are the main eight 
classes over the selected study area. The polygons of 
the selected land cover classes were used to extract 
the air parameters from the Sentinel-5P TROPOMI 
sensor. While the MODIS data were used for a single 
year (2019), the TROPOMI data were used for three 
periods, 2019, 2020, and January–November 2021. 
Thus, mean monthly values of  SO2, CO,  NO2,  CH4, 
and  O3 data were obtained for every class separately. 
In addition, NCEP/NCAR data were obtained for the 
temperature variations in the investigated period. The 
obtained data were analyzed using statistical analy-
sis. First, the air parameters were analyzed separately 
for every class. In the second stage, the relationship 
between the investigated parameters was analyzed. 
A detailed flowchart of the applied methodology is 
given in Fig. 4.

Fig. 2  MODIS land cover
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Results and discussion

Since 2018, the TROPOMI sensor has provided sig-
nificant high-resolution data about air quality and 
pollution. Since then, the Earth has been through a 
pandemic that positively has affected the air qual-
ity in many areas worldwide. Within the study area, 
available 1-year data before and after the pandemic 
opens potential research hypotheses over the stud-
ied period. The results of this study are presented in 
Figs. 5–8 and Table 1. First, the single parameter data 
will be presented, and then the relationship between 
the parameters will be discussed.

Over the time investigated, the  NO2 differed the 
most within the study area. The minimum  NO2 for all 
classes was recorded in 2020. The Urban class noticed 
the biggest difference: the minimum  NO2 value for 
2019 and 2021 was 89 and 93 µm/mol2, respectively, 
while for 2020 it was 80 um/mol2. It should also be 
noted, that while the minimum values for 2019 were in 
August, and for 2021 in April, the minimum value for 
2020 was in May, one of the strictest months in terms 
of quarantine in Turkey. In May 2019 and 2021, the 
 NO2 value was the same for both years, 95 um/mol2. 
Also, while in March there is a significant high value 
in the year 2019 (102 umol/m2), and 105 for 2021, in 
2020 the  NO2 value is 86 um/mol2, which overlaps with 
the quarantine period in Turkey. For the other classes, 
also the minimum value is recorded in 2020. In com-
parison to 2020, the minimum  NO2 values are 4–7% 

higher in 2019 and 2020. Similar are the maximum 
values; the highest values were recorded in 2021 with 
small differences compared to 2019. Furthermore, the 
differences between the highest values between 2019 
and 2021 and 2020 range from 6 to 7%. The results 
for  NO2 changes in the investigated period are given in 
Fig.  5. Figure  5 shows that compared with 2019 and 
2021, the  NO2 values are lower in the COVID-19 strict 
precautions period. For instance, for the other classes 
other than Urban, the  NO2 in May 2019 varies from 76 
to 90 um/mol2, similar in May 2021 which varies from 
75 to 89 umol/m2, while in 2020 for the same period, 
the values vary from 66 to 71 umol/m2. Visualization 
of the  NO2 differences is shown in Fig. 6.

The CO values over different classes are shown 
in Fig.  7. While there is no significant difference 
between the investigated years, there is a difference 
in the classes. Also, the seasonal variations of CO 
over the different classes can be seen. While the CO 
is low in the summer season, the maximum values 
can be noticed in the cold seasons. Thus, the maxi-
mum CO values can be noticed in the Urban class 
in every month over the 3  years. There is a signif-
icant lowering in the CO values at the start of the 
strict measurements in Turkey due to the pandemic, 
but similar movements are noticed in the previ-
ous and the year after. After the Urban class, Wet-
lands have the highest CO values in all investigated 
months, followed by Forest and Cropland. The lower 
CO values are noticed in the Grassland and Barren 

Fig. 3  Mean  NO2 over Turkey in the investigated period
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land classes (Fig. 7). For the  CH4 values, the highest 
value can be noticed in the Shrubs class, followed by 
Cropland, Barren land, and Urban areas. The lowest 
values are recorded in the Forest class. The results 
for the  CH4 are presented in Fig. 8. Here, the highest 

values can be noticed in the Shrubs class. The val-
ues are similar for Urban, Barren land, and Cropland 
classes, and Forest showed the lowest  CH4 values.

The  SO2 values were similar for all classes. Thus, 
visualization was not possible. In the investigated 

Fig. 4  Flowchart of the 
applied methodology Remote Sensing Data

TROMOPI NCEP/NCARMODIS

2019-2020-20212019 2019-2020-2021

Land Cover
Classification (500 m)

SO2, CO, NO2, CH4,
O3

Temperature

Class Selection

Raster to Polygon

Mean Class Values

Statistical Analysis

Fig. 5  NO2 over different 
land cover classes with 
accent on the COVID-19 
strict precaution period in 
Tukey
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34 months, the highest  SO2 (mmol/m2) values were 
recorded in December 2019, over the Barren land 
class. Overall, it can be noticed that the  SO2 values 
are highest during the autumn and winter months 
(October–February). The values were significantly 
lower from October 2020 to April 2021 compared 
to the previous year. While in the 2019–2020 sea-
son, the values were 1130–1435  mmol/m2; for the 
2020–2021 season, the values were 290–790 mmol/
m2. The highest values are different for all classes; 
for instance, the highest value in November 2020 

was recorded over the Forest class, and in January 
2021, over the Urban class. Although the  O3 val-
ues were similar, the values in 2020 were slightly 
lower compared to 2019 and 2020 for all classes. 
The temperature data did not show any difference 
between the investigated years. Shrubs and Urban 
areas were the hottest in the summer months, while 
in the cold months, the highest temperatures were 
recorded in the Forest areas, followed by Urban 
areas. The coldest class during all period was Bar-
ren land’s class.

Table 1  Correlation between various air quality parameters (significance level α < 0.05)

R Correlation coefficient, R2 coefficient of determination

SO2—temperature

2019–2021 2019 2020 2021
Class R R2 Class R R2 Class R R2 Class R R2

Cropland  − 0.78 0.61 Cropland  − 0.61 0.37 Cropland  − 0.88 0.78 Cropland  − 0.85 0.72
Wetlands  − 0.74 0.55 Wetlands  − 0.53 0.29 Wetlands  − 0.89 0.79 Wetlands  − 0.85 0.72
Forest  − 0.72 0.52 Forest  − 0.53 0.28 Forest  − 0.85 0.73 Forest  − 0.83 0.70
Water  − 0.73 0.53 Water  − 0.57 0.33 Water  − 0.89 0.80 Water  − 0.82 0.67
Urban  − 0.74 0.55 Urban  − 0.55 0.30 Urban  − 0.90 0.81 Urban  − 0.81 0.66
Barren land  − 0.69 0.48 Barren land  − 0.56 0.31 Barren land  − 0.92 0.84 Barren land  − 0.83 0.68
Shrubs  − 0.71 0.50 Shrubs  − 0.60 0.36 Shrubs  − 0.81 0.66 Shrubs  − 0.75 0.56
Grassland  − 0.74 0.55 Grassland  − 0.55 0.30 Grassland  − 0.88 0.77 Grassland  − 0.87 0.76
NO2—temperature
2019–2021 2019 2020 2021
Class R R2 Class R R2 Class R R2 Class R R2

Cropland 0.66 0.44 Cropland 0.59 0.35 Cropland 0.79 0.62 Cropland 0.85 0.72
Wetlands 0.55 0.31 Wetlands 0.44 0.19 Wetlands 0.68 0.46 Wetlands 0.83 0.69
Forest 0.53 0.28 Forest 0.44 0.20 Forest 0.83 0.70 Forest 0.62 0.39
Water 0.69 0.48 Water 0.67 0.45 Water 0.79 0.63 Water 0.87 0.76
Urban  − 0.44 0.20 Urban  − 0.66 0.44 Urban  − 0.37 0.14 Urban  − 0.65 0.42
Barren land 0.77 0.59 Barren land 0.72 0.52 Barren land 0.86 0.73 Barren land 0.90 0.82
Shrubs 0.79 0.63 Shrubs 0.74 0.55 Shrubs 0.86 0.74 Shrubs 0.92 0.84
Grassland 0.80 0.64 Grassland 0.42 0.17 Grassland 0.81 0.65 Grassland 0.75 0.57
O3—CH4

2019–2021 2019 2020 2021
Class R R2 Class R R2 Class R R2 Class R R2

Cropland  − 0.66 0.44 Cropland  − 0.85 0.72 Cropland  − 0.86 0.74 Cropland  − 0.86 0.73
Wetlands  − 0.66 0.43 Wetlands  − 0.89 0.78 Wetlands  − 0.93 0.86 Wetlands  − 0.86 0.73
Forest  − 0.53 0.28 Forest  − 0.76 0.58 Forest  − 0.93 0.87 Forest  − 0.79 0.63
Water  − 0.50 0.25 Water  − 0.44 0.19 Water  − 0.62 0.38 Water  − 0.70 0.49
Urban  − 0.62 0.39 Urban  − 0.85 0.73 Urban  − 0.89 0.79 Urban  − 0.82 0.68
Barren land  − 0.73 0.53 Barren land  − 0.87 0.75 Barren land  − 0.85 0.72 Barren land  − 0.85 0.72
Shrubs  − 0.69 0.48 Shrubs  − 0.84 0.70 Shrubs  − 0.82 0.67 Shrubs  − 0.88 0.78
Grassland  − 0.71 0.50 Grassland  − 0.82 0.67 Grassland  − 0.90 0.82 Grassland  − 0.84 0.71
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The relationship between the parameters was 
investigated in four different periods, overall period 
and for the three years separately. In Table 1 are pre-
sented the values that were considered as significant 
(R > 0.5; significance level α < 0.05). There was a 

significant relation between  SO2 and temperature, 
 NO2 and temperature, and  O3 and  CH4.

A significant negative relation has been noticed 
between  SO2 and temperature data. In 2019–2021, 
the highest relation was in the Cropland class 

Fig. 6  Mean  NO2 values over Turkey for A 2019; B 2020; C 2021
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(R =  − 0.78), and the lowest was over the Barren land 
class (R =  − 0.69). The relation was lowest in 2019 
for all classes, highest for 2020, and slightly lower in 
2021 than in 2020. A strong relation was noticed in 
2020 in the Urban and Barren land classes (R > 0.90). 
Overall, for all classes and all months, the R2 between 
 SO2 and temperature was 0.77 (Fig.  9). While there 
was a negative correlation between  NO2 and temper-
ature data for the Urban class, for the other classes, 
the correlation was positive. For the positively cor-
related classes, the values were rising every year. 
Thus, while the R for the Cropland class in 2019 was 
0.59, for 2020 and 2021, it was 0.79 and 0.85, respec-
tively. While the results were similar for the other 
classes, for the Urban class, the correlation was − 0.66 

and − 0.65 for 2019 and 2021, while for 2020, the 
correlation was significantly lower with R = 0.37. The 
correlation between  O3 and  CH4 was negative and 
stable for the investigated years.

In comparison with similar studies in the litera-
ture, the results are supported by the findings of sev-
eral investigations. For example, a study conducted in 
China in 2015 examined the relationship between air 
pollutants and meteorological data in three big meg-
acities. The results showed that as the temperature 
decreases, the pollutant rates increase (Zhang et  al., 
2015). A similar result was obtained in a study con-
ducted in Erzurum. As a result of the study, it was 
determined that the CO and  NOx values decreased 
with the increase in temperature (Ocak & Turalioglu, 

Fig. 7  CO over different 
land cover classes in Turkey

Fig. 8  CH4 over different 
land cover classes in Turkey
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2008). In a study examining the number of patients 
affected by  NO2 with air temperature and other cli-
matic parameters, it was stated that the highest  NO2 
concentration was measured in autumn and winter, 
probably due to the increased use of motor vehicles 
and their exhaust gases (Pintarić et al., 2012).

The findings obtained in terms of the effect of the 
COVID-19 pandemic on air pollution are also similar 
to various studies. For example, the first evaluation of 
 NO2 over Turkey before and during the first lockdown 
period (15 March–15 April 2019–2020) (Kaplan 
& Avdan, 2020a, b) showed a significant lowering 
of  NO2 over the big cities in Turkey. The results of 
the broader study (January–September 2019, 2020) 
(Ghasempour et al., 2021) showed a lowering in the 
 NO2 between March and April. However, the men-
tioned study was performed with mean values over all 
of Turkey. The results of this study present the dif-
ference in the investigated land covers. In addition, 
many studies conducted worldwide (Alqasemi et al., 
2021; Berman & Ebisu, 2020; Elshorbany et  al., 
2021; Ghahremanloo et al., 2021; Metya et al., 2020; 
Qiu et al., 2021) about the impact of the changes in 
peoples life’s prompted by the COVID-19 pandemic 
revealed mainly positive environmental effects. In 
fact, the statement by Ghasempour et al. (2021) that 
the positive environmental effects of COVID-19 will 
not last a long time is confirmed by our study. Our 
investigation showed that the air quality parameters 
values in 2021 were back as the values in 2019.

Conclusion

The pandemic threat prompted complete lockdowns in 
most countries worldwide, posing new research ques-
tions. In this study, we used air quality data from the 
Sentinel-5P TROPOMI sensor to investigate differ-
ences in air quality and pollution across different land 
cover categories. The study’s goals were to analyze air 
and temperature parameters in Turkey across various 
land cover classes and to look into the link between 
air and temperature parameters in general and across 
distinct land cover classes. The results show that  NO2 
experienced severe changes in the Urban class, espe-
cially during the strict COVID-19 restriction over the 
study area. The results also show the seasonal varia-
tions of the investigated parameters over the differ-
ent classes. The seasonal variations are most obvious 
in the CO values. Although  NO2 also tends to show 
seasonal variations, the influence of the COVID-19 
lockdown is clear, as the values are significantly lower 
in the strictest pandemic precautions. The resolution 
of the used data limits the study as the land cover’s 
accuracy is limited, which may lead to mixed pix-
els as small land cover classes that may fall within 
other larger classes. Even though the TROPOMI data 
are not as accurate as in  situ data, with the satellite 
imagery, we have full coverage over the study area and 
are limited by the air quality data’s spatial resolution.

The findings are crucial because they show the 
dynamics of air parameters before, during, and after 

Fig. 9  Correlation between 
 SO2 and temperature for all 
classes (red) and croplands 
(green)
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the COVID-19 epidemic. The findings might aid in 
developing new, long-term strategies for reducing air 
pollution throughout the planet. Similar investigations 
across other research regions and variations in differ-
ent air characteristics over additional classes are pro-
posed for future studies.
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