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ABSTRACT: Air pollution is considered one of the most significant problems, resulting from the industrial 
revolution and the use of fossil fuels. This has led to the presence of particulate matter and chemical gases at 
levels that now affect human health and other living organisms. These gases and chemical substances react with 
the cells of organisms and affect them in various ways and to varying degrees, necessitating monitoring to 
determine their location and timing of release in order to reduce their emissions and health impacts. Traditional 
monitoring methods that rely on ground stations provide high reliability in measurement but have limited 
geographical coverage. In this research, remote sensing techniques were used to provide a comprehensive 
overview of air quality in Baghdad by monitoring Nitrogen Dioxide (NO₂), Carbon Monoxide (CO), Sulfur Dioxide 
(SO₂), and Ozone (O₃) data from the Sentinel-5P TROPOMI instrument to assess the distribution of major 
pollutants over the period (2020–2025) in Baghdad, and to assess PM2.5 concentrations improved GEOS model 
was used. The results indicate distinct seasonal patterns, with higher PM2.5 values during the dry summer months, 
associated with dust storms, and with continuous CO and NO₂ hotspots over the city center and key industrial 
zones in winter, reflecting human activity. In spring, ozone (O₃) was the most prevalent pollutant. The results 
show that satellite imagery may be an effective tool for managing air quality. This study offers a useful baseline 
for policymakers to identify pollution sources, evaluate population exposure, and develop viable mitigation 
methods for improving air quality in Baghdad. 
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1. INTRODUCTION 
 

Air pollution is one of the key elements of 
modern climate, environment, and socioeconomic 
problems and also one of the components of many 
United Nations Sustainable Development Goals 
(SDGs) [1, 2]. Hence, reliable information about air 
pollution and exposure to air pollution is an essential 
element of any policy advice and decision-making 
process [3]. Air pollution has recently become a 
significant problem in developing countries due to 
rapid growth in industry and transport, and much 
more attention is paid to this proble[4].  It is well 
acknowledged that prolonged exposure to air 
pollution increases the risk of developing serious 
respiratory illnesses. The Iraqi capital, Baghdad, has 
long suffered from air pollution, which is one of the 
city's ongoing problems [5]. Baghdad has been 
ranked on more than one occasion as one of the 
most polluted cities in the world, as it often exceeds 
the permissible limits and safe levels for human 
health and the environment, making it one of the 
most threatening problems for the environment and 
public health in Iraq[6, 7]. Air quality data is not 
sufficiently available for Baghdad, which needs fixed 

stations to monitor the various air quality 
components in order to assess their effects and 
determine the locations of different pollutants[8, 9]. 
This severe shortage of ground-based air quality 
monitoring data necessitates finding continuously 
available alternatives with continuous spatial 
distribution over long periods in order to determine 
the spatiotemporal distribution of different air 
quality components. From this perspective, the need 
arose to use freely available satellite data covering 
suitable time periods to study air quality, such as 
data from the Sentinel-5P, MODIS, CALIPSO, and 
Meteosat satellites. These satellites provide diverse 
data with varying spatial and temporal accuracy, 
enabling researchers to monitor different air quality 
components by observing the differences in the 
interaction of different air components with 
variations in the electromagnetic spectrum.   Satellite 
imagery data have wide-ranging applications in air 
quality and air pollution studies. Numerous studies 
have highlighted the potential relationship between 
satellite data and air pollution. For example, (SAH 
Saleh, 2011) studied the air quality of Baghdad using 
ground-based observational data and Landsat 
satellite thermal imagery. The results revealed a 
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linear relationship between air pollutants and 
temperatures obtained from Landsat thermal 
images, indicating that satellite imagery can be used 
to determine the concentrations of air pollutants[10]. 
Another study was conducted by H. J. Jumaah et al. 
(2023). This study used remote sensing data and 
geographic information systems (GIS) techniques to 
investigate air pollution in Iraq. The data were 
analyzed using various methods and models, 
including spatial interpolation, the least squares (LS) 
statistical method, and geographically weighted 
regression (GWR). The coefficient of determination 
(R²) was 0.88 for LS and 0.85 for GWR[11]. A. M. 
Jasem et al. (2025) conducted a study in the Al-
Nahrawan neighborhood, located in the 
southwestern part of Baghdad, an area 
characterized by the presence of a large number of 
brick factories that use fossil fuels in brick production. 
Samples were taken from ten sites at brick factory 
locations, and air quality parameters (NO₂, SO₂, CO, 
CO₂, O₃, CH₄, and PM₂.₅) were studied by analyzing 
satellite images from 2021, in addition to studying 
climatic parameters (temperature, precipitation, and 
relative humidity) [9]. Based on the above, studying 
air quality is an urgent necessity in Baghdad due to 
its rapid and haphazard urban expansion, lacking 
proper planning. Furthermore, climate change has 
led to increased temperatures, placing additional 
strain on infrastructure and causing severe electricity 
shortages. This has resulted in a significant increase 
in the number of local generators and a rise in the 
number of vehicles on the roads. Additionally, 
factories, plants, and oil refineries, previously 
located on the southern and southwestern outskirts 
of Baghdad, are now situated in the city center, 
surrounded by residential areas. All these factors 
have created a vicious cycle of pollution and related 
problems, necessitating a thorough study to identify 
the most affected locations and time periods. 
Therefore, this study is to study the spatiotemporal 
distribution of air quality elements and to identify 
the most polluted periods and seasons, as well as the 
most polluted locations, in order to determine in the 
future the causes of the increase in pollutants and 
how to treat them.  

For the purpose of studying air pollution in cities 
using remote sensing techniques, the selection of 
the appropriate sensor is of utmost importance. 
Older generation sensors such as the Ozone 
Monitoring Instrument (OMI) aboard Aura and the 
Measurement of Pollution in the Troposphere 
(MOPITT) aboard Terra are good at monitoring and 
tracking gases in the troposphere, but these sensors 
suffer from low spatial resolution (typically 13 × 24 
km for the OMI and 22 × 22 km for the MOPITT), 
which leads to the failure to identify pollution 

plumes in urban areas and cities. On the other hand, 
the Moderate Resolution Imaging 
Spectroradiometer (MODIS) provides good spatial 
resolution and Aerosol Optical Depth (AOD), but it 
lacks the ability to sense different pollutant gases 
depending on the chemical composition of the gas. 
In contrast, the Tropospheric Monitoring Instrument 
(TROPOMI) aboard the Sentinel-5P satellite 
represents a significant technological leap. It offers 
spatial resolution unavailable in previous 
generations, reaching 3.5 x 5.5 kilometers, along 
with daily temporal accuracy and the ability to 
simultaneously monitor several major gases 
(nitrogen dioxide, carbon monoxide, sulfur dioxide, 
and ozone) with high precision using a single 
instrument. For this reason, the TROPOMI 
instrument on board Sentinel-5P was chosen in this 
research as the optimal tool for studying air pollution 
at the urban level and identifying pollution hotspots. 

 
2. RESEARCH SIGNIFICANCE 

 
The significance of this study arises from the 

serious need for ground-based data regarding the air 
quality monitoring of Baghdad, the most polluted 
city in the world. The importance of this study is 
further emphasized through the application of 
remote sensing methods (Sentinel-5P satellite data) 
to cover the entire geographical region with precise 
spatial and temporal distribution of NO₂, CO₂, SO₂, O₃, 
and PM2.5 during the period of 2020-2025, offering 
a much-needed database for policymakers to 
pinpoint the sources of pollution and industrial 
emissions, thus allowing for developing ways to 
combat this problem in the future. 

 
3. STUDY AREA  

 

Baghdad is the capital of Iraq and is located in the 
center of Iraq with approximate coordinates (43.8oE, 
33.7oN to 44.9oE, 32.8oN), Fig. 1. It is the most 
populous city in Iraq, with a current population of 
about 8.1 million, while the population in 1950 was 
approximately 600,000, with an annual change of 
2.7%, which is considered high compared to the 
global growth rate[13-15]. The climate of the study 
area is hot and dry in the summer and cold with little 
rainfall in the winter, with little vegetation that 
usually spreads at the end of winter and the 
beginning of spring, making it a semi-arid climate, 
which increases the percentage of dust and aerosols. 

There are many fossil fuel-powered electricity 
generation facilities located in the mid part of 
Baghdad, such as Dora Power Station and Baghdad 
South Gas Power Plant. The Dora oil refinery is also 
located in the central part, and there are many fossil 
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fuel-powered brick factories in the western part, 
specifically in the Al-Nahrawan district. 

 

  
Fig. 1 The study area 

 
There are many fossil fuel-powered electricity 
generation facilities located in the mid part of 
Baghdad, such as Dora Power Station and Baghdad 
South Gas Power Plant. The Dora oil refinery is also 
located in the central part, and there are many fossil 
fuel-powered brick factories in the western part, 
specifically in the Al-Nahrawan district. 

 
4. MATERIALS AND METHODS  

 

This research studied common air quality 
elements, which are (Particulate Matter (PM), 
Ground-Level Ozone (O₃), Nitrogen Dioxide (NO₂), 
Sulfur Dioxide (SO₂), and Carbon Monoxide (CO)). 
These elements were measured using satellite 
imagery from the Sentinel-5 Precursor satellite. The 
study period extended from 2020 to 2025, which is 
the same period during which satellite data is 
available Fig 2. 
In this research, air quality will be studied through 
the analysis of time series of different air quality 
elements, observing the rise or fall of elements over 
time and seasons, and analyzing the effect of the 
seasons on the increase or decrease of pollutants. In 
addition, maps will be produced for each element of 
air quality, and then the location and time periods 
most affected in the study area will be identified, 

giving a comprehensive spatiotemporal study of the 
study area, which may be useful to decision-makers, 
especially in finding quick solutions. 
 

 
Fig. 2 Research methodology  
 
 
4.1 Satellite Data Retrieval and Google Earth 

Engine (GEE) 
 

This study relied on remote sensing data to 
examine common air quality components. Data from 
the Tropospheric Monitoring Instrument (TROPOMI) 
onboard the Sentinel-5 Precursor satellite (Sentinel-
5P) was used. The dataset was substantial, and to 
handle this vast amount of satellite imagery of 
various variables, the Google Earth Engine (GEE) 
cloud computing platform was employed. GEE was 
used to develop the software for processing and 
analyzing the TROPOMI data, as well as for image 
classification, cloud cover removal, and spatial 
cropping of Baghdad's city limits. Time series data 
were systematically collected as monthly and annual 
averages to assess structural pollution dynamics and 
seasonal variations. 

 
4.2 Predictive Machine Learning Modeling for 

Particulate Matter (PM2.5) Estimation 
 

To assess fine particulate matter (PM2.5), raw 
data from the Goddard Earth Observing System 

 

Stage 1: Data Acquisition 

Sentinel – 5P TROPOM NASA GEOS-CF 

Stage 2: Pre-processing 

Cloud Processing and Formatting 
Cloud Masking, Spatial Clipping 

Stage 3: Core processing 

Parameter processing and integration 

Aggregation (monthly / Annual), 
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Spatio-Temporal Analysis ML Workflow 

Stage 5: Data Integration 

Identification of Hotspots Policy 
Recommendations 
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(GEOS) were initially used, with a spatial resolution 
of 25 km. This spatial resolution is insufficient for an 
environmental monitoring study of the 
heterogeneous urban level in the study area of 
Baghdad city. 
To improve accuracy in this research, a predictive 
machine learning workflow was developed for the 
purpose of downscaled estimating the values of 
PM2.5. 
 
4.2.1 Data Integration:  

This research integrates PM2.5 data products 
from NASA’s GEOS, derived from GEOS-CF (a 
complex set of chemical models related to climate 
variables), with the high-resolution Aerosol Index (a 
product of the Sentinel-5P satellite). This index 
provides the overall value of the air column in the 
atmospheric graph and is highly sensitive to activities 
that generate smoke from the burning of fossil fuels, 
as well as to dust storms that may affect the region. 
 

4.2.2 Configuring an algorithm:  
The Random Forest model, available in the 

Google Earth Engine, was used for training and 
prediction using data from a ground-based survey 
station that monitored PM2.5 particles. The vertical 
total aerosol column was also utilized. This approach 
significantly improved GEOS data with a resolution of 
25 km and enhanced spatial accuracy by using a 
single ground-based observation point. This 
improvement is clearly evident in Fig. 13, which 
illustrates pollution hotspots with high 
concentrations of PM2.5 particles. 
 
4.3 Data validation and accuracy 
 

To ensure the reliability and accuracy of satellite 
imagery data, the Sentinel-5P TROPOMI 
instrument's data accuracy and verification 
protocols were used. The European Space Agency's 
(ESA) product quality assessment level 2 was 
employed in this study, which involves comparing 
and verifying data from a global network of points 
with ground-based data. Based on the reports on 
product quality assessment made by ESA, the 
systematic uncertainty (bias) of nitrogen dioxide 
(NO₂) in the troposphere is no higher than ±20%, 
while that of carbon monoxide (CO) columns does 
not surpass 15%. The total columns of ozone (O₃) and 
sulfur dioxide (SO₂) stay within 10% uncertainty 
limits under the clear sky condition. In the local area, 
stringent standards for reliability have been put into 
practice using the Google Earth framework through 
strict quality assurance (QA) marking of data. Pixels 
with a QA index lower than 0.75 for nitrogen dioxide 
(NO₂) and less than 0.50 for sulfur dioxide (SO₂) and 

carbon monoxide (CO) have been systematically 
omitted in order to exclude the uncertainties due to 
cloud contamination and solar azimuth angle effects 
[16]. 

The transition from time-series analysis to spatial 
distribution was performed using the Google Earth 
Engine (GEE) environment. Data was filtered from 
the global and daily levels to the study area level data 
of the Sentinel-5P TROPOMI sensor. The time period 
was defined as 2020-2025, and the data was filtered 
to remove clouds, resulting in the creation of a multi-
layered dataset with different time periods using the 
(ImageCollection) command. Pixel-by-pixel 
statistical aggregation was then performed by taking 
the average and median of the data using hundreds 
of satellite image layers from different time periods. 
These layers were then combined into a unified, 
single map representing average monthly and 
annual atmospheric loads, resulting in a single 
comprehensive map representing all these variables. 
 
5. RESULTS AND DISCUSSION  

 

The first element to be studied is Ground-Level 
Ozone (O₃), which is an air pollutant that affects 
human health, plants, ecosystems, and 
infrastructure that is exposed to large quantities. In 
addition, it is considered one of the greenhouse 
gases that has a very large impact on global warming. 

Fig. 3 shows that there are periods when the 
concentration of the gas increases and becomes 
more active. This period extends from January to the 
May season, Fig. 4, which is one of the coldest 
seasons of the year for the study area. In the summer, 
when temperatures rise, the concentration of the 
gas decreases. However, studies show that high 
temperatures negatively affect the concentration of 
O3 gas[17]. 
The second pollutant is SO2. Fig. 5, The results show 
that the arithmetic mean of the data is 0.000142 
mol/m2. The results for the years (2021-2022) show 
that the levels of the readings were relatively stable 
around the general average, but for the years (2023-
2024), a slight increase was observed in the number 
of readings, indicating an increase in industrial 
activity or greater reliance on fossil fuels in power 
plants or private electric generators. 

The results show a constant, continuous, and 
permanent source, indicating the presence of non-
stop emission sources, and the large fluctuation 
indicates human activity. The observed values are 
very high within the standards for space monitoring, 
so that Baghdad can be classified as having a high 
pollution index. 
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a)  

 
b)  

 
Fig. 3 The spatiotemporal distribution of O3: a) Time 
series, b) Spatial distribution 
 

 
Fig. 4 Average monthly O3 concentration 
 

From Fig. 6, it can be observed that the high 
values peak in winter, and the reason may be due to 
the phenomenon of winter temperature inversion, 
which prevents gases from rising upwards. 
Fig. 7 represents the concentration of NO2 gas for 
the city of Baghdad. It is one of the most important 
pollutants in residential areas such as the center of 
Baghdad. 

 
a)  

 
b)  

 
Fig. 5 The spatiotemporal distribution of SO2: a) Time 
series, b) Spatial distribution 
 

  
Fig. 6 Average monthly SO2 concentration 

 
The main source of this gas is high-temperature 

combustion processes, such as gases emitted as a 
result of fuel combustion and those coming out of 
car exhausts. It increases with the increase in traffic 
congestion. It is also produced from the exhaust of 
private electric generators and power generation 
stations.  
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a)  

 
b)  

 
Fig. 7 The spatiotemporal distribution of NO2: a) 
Time series, b) Spatial distribution 
 
 

 
 
Fig. 8 Average Monthly NO2 Level Concentration in 
Baghdad City 
 

Fig. 8 shows that the effect of NO2 gas is at a high 
concentration throughout the year seasons, and it 
can be observed that there is a slight increase in the 
winter season. , as well as the peak of traffic 
congestion in this season of the year due to the 
attendance of students of the Ministries of Higher 

Education and Scientific Research, the Ministry of 
Education, and the increased burning of fossil fuels 
for heating purposes. 

 
a)  

 
b)  

Fig. 9 The spatiotemporal distribution of CO: a) Time 
series, b) Spatial distribution 
 

Fig. 9 shows the concentration of CO gas. It can 
also be observed that the peak concentration is in 
winter, for the same reasons mentioned previously 
for other pollutants. Fig. 10 shows that there is a 
continuous and daily source of this pollutant, and it 
is the same as the previous sources of pollutants. 
From the previous figures, it can be observed that 
the highest concentration is in the city center, which 
confirms that most of the pollutants are car exhaust. 

To study the impact of particulate matter (PM2.5), 
GEOS (25km) data were used.  Fig. 11 shows that the 
average concentration of PM2.5 particles is 39 μg/m³, 
a very high level compared to international 
standards, which do not exceed 5 μg/m³. This 
indicates that pollution in Baghdad is continuous 
throughout the year. 

 



International Journal of GEOMATE, July, 2026, Vol. 31 (143), pp. 248-257 

254 

 

  
Fig. 10 Average Monthly CO Level Concentration in 
Baghdad City 
 

 
a)  

 
b)  

 
Fig. 11 The spatiotemporal distribution of PM2.5: a) 
Time series, b) Spatial distribution 
 

Fig. 12 shows that the highest readings are in July, 
averaging approximately 54, while the least polluted 
month is September, averaging 29. Based on the 
above results, winter pollution is primarily caused by 
toxic gases (CO and NO2), summer pollution is largely 
due to PM2.5, and spring pollution is primarily caused 
by ozone (O3). These findings closely resonate with 

the remote sensing baseline established by Jumaah 
H. J., Ameen M. H., Mahmood S., and Jumaah S. J  
[11]. 

 
 

Fig. 12 Average Monthly PM2.5 Level Concentration 
in Baghdad City 

 

Fig. 13 Improved MP2.5 
 

Using GEOS data with a resolution of 25 km in F 
10 (b) is too coarse for analyzing environmental 
pollution in the urban area of Baghdad. Therefore, 
this data needs to be improved to optimize the 
results. In this research, GEOS-CF data (from NASA), 
which provides data on PM2.5 concentrations at 
ground level and is available as a result of several 
chemical and climatic models, will be combined with 
Sentinel-5P (Aerosol Index) data, which provides 
quantitative data on aerosols in a full column of the 
atmosphere. This type of data is suitable for 
monitoring smoke columns or dust storms, as it is 
found in the air layers above the Earth's surface. To 
implement this process, the data for both variables 
were processed and downloaded using the Google 
Earth Engine platform. Then, machine learning 
libraries were used to train the data and extract the 
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estimated PM2.5 concentration. This process greatly 
improved the data quality and made it more suitable 
for the urban environment Fig. 13. 

For the purpose of studying the general trend of 
different pollutants during the study period, from Fig. 
14 and Table 1, where it can be observed that the 
values of the pollutant SO2 have improved and that 
the values have decreased significantly by 35%, this 
is due to the control of some emission sources, as 
there have been government efforts in recent years 
to close or regulate unregulated sources in Baghdad 
to improve air quality. There is also an improvement 
in the values of PM2.5 by 8.6% due to the scarcity of 
dust storms during recent years. As for the pollutant 
CO, the pollution is chronic with a slight increase of 
0.1%. There was a slight increase in the pollutant O3 
by 2.9%. As for the pollutant NO2, the pollution rate 
was the largest, with an increasing rate of 10.8%, 
which necessitates finding the reasons and solutions 
to reduce this increase. 

 
 
Fig. 14 Relative trend of different pollutions for the 
study period 

 

Table 1 Statistical analyses of different pollutions 
 

Pollutant 
2021 
Avg 

2025 
Avg 

Change 
(%) 

Trend 
Status 

SO2 0.0004 0.0003 -35.00% 
Improving ↘ 

(Best 
Performer) 

PM2.5 41.7 38.1 -8.60% 
Improving 

↘ 

CO 0.0347 0.0347 +0.1% Stable → 

O3 0.1321 0.1359 +2.9% 
Worsening 

↗ 

NO2 0.0002 0.0002 +10.8% 
Worsening 

↗ (High 
Risk) 

 

Fig. 15 represents the spatial distribution rate of 
pollutants in the city of Baghdad. It can be clearly 
observed that the percentage of pollution for 
different pollutants has been concentrated in the 

urban center of the city, which confirms that the 
main reason for the pollution is the result of 
unhealthy population activities, which requires 
intervention by decision-makers in the city of 
Baghdad. 

 

  
Fig. 15 A composite multi-pollutant map of Baghdad 
showing the spatial interaction of gaseous emissions. 
[Red channel = NO₂; Green channel = SO₂; Blue 
channel = CO₂]. Bright/light colors indicate areas 
with high concentrations of cumulative pollutants, 
while dark/dim colors represent lower atmospheric 
concentrations. 
 

From the above, it can be said that satellite data 
can be relied upon in studying pollution in areas that 
suffer from a lack of data from ground monitoring 
stations, but it is not a substitute for them because 
the data from ground stations gives real values of 
what is monitored at the level of the Earth’s surface, 
while satellite data measures column density, i.e. the 
amount of gas column from the Earth to space, and 
it can be for several layers and not for the layer close 
to the Earth. 

 

6. CONCLUSIONS  
 

Air quality studies are among the most important 
topics in the environmental field, significantly 
impacting the quality of life and sustainability. 
Baghdad has suffered from pollution and a lack of 
planning for decades. The absence of infrastructure 
for measuring and studying air quality has created a 
need to study it using available methods and data, 
including satellite data. This research aims to study 
air quality using satellite data. The results show that 
pollution persists throughout the year at varying 
concentrations and with different pollutants. The 
highest concentrations of pollutants in winter were 
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CO and NO2, while in spring, ozone (O3) was the most 
prevalent. During the summer, high temperatures 
led to an increase in PM2.5 concentrations. Autumn 
was found to be the best season, although its levels 
were lower than those of other seasons. However, 
the pollutant levels in autumn remain high compared 
to international standards. 

Despite the significant contributions of this 
scientific study and the Sentinel-5P TROPOMI sensor, 
which provided data for various time periods and 
offered unprecedented, excellent, and continuous 
spatial coverage, it is essential to highlight some 
limitations encountered during the research. These 
limitations include measuring the density of the 
troposphere and the overall atmosphere, rather 
than concentrations at ground level, which directly 
impact respiratory levels. Furthermore, satellite 
monitoring is susceptible to interference from 
pollutants such as anomalous weather phenomena 
in the Baghdad study area, such as dust storms, 
which are most prevalent in Iraq during late spring 
and summer. Cloud pollution is another notable 
phenomenon that occurs mostly in the month of 
August every year. In order to overcome these 
limitations, future research must focus on methods 
of validating the gathered data at certain times. This 
could be done through setting up an array of 
accurate ground stations capable of measuring the 
levels of different pollutants within the city of 
Baghdad, especially in areas known to be pollution 
zones. With regard to the wider implication of the 
study results, this provides a clear call to action for 
urban planners and environmental authorities in Iraq. 
This will include changing the management of traffic, 
strict regulations with regards to emissions from 
industrial facilities located at the peripheries of the 
city, such as the Al-Doura oil refinery, power plants 
using fossil fuel, and brick industries in Al-Nahrawan. 
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