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Comparative analysis of GIS tools and data for the
geographic distribution of Air Pollution: a case study

Abstract

This bachelor thesis explores the functions of different GIS tools and examines air
pollution in the Czech Republic using them.

The theoretical part provides an overview of selected GIS technologies, including
ArcGIS, QGIS, and Google Earth Engine (GEE), and then summarises their capabilities for
spatial analysis. It also discusses air pollutants, their sources, and their impact on human
health. It also covers an analysis of various data sources, including satellite imagery, ground-
based monitoring stations, and the best use cases for this data.

In the practical part, air quality data was collected, analyzed, and mapped using
ArcGIS Pro, ArcGIS Online, ArcGIS Insights, and ArcGIS StoryMaps, which were selected
after tools comparison. The results include an interactive web application that presents key
findings through maps, interactive histograms, and visualizations. The chosen tools from
ArcGIS provided accurate analysis and effective data presentation.

This study also demonstrates how GIS can support environmental monitoring related
to air quality management. The findings may be helpful for policymakers and researchers in

improving air quality management.

Keywords: GIS, Interactive mapping, Dynamic layers, ArcGIS, Air pollution, Emission

sources, Impact zones



Srovnavaci analyza GIS nastroju a dat pro geografické
rozlozeni zneciSténi ovzdusi: pripadova studie

Abstrakt

Tato bakalarska prace se zabyva funkcemi riznych nastroji GIS a zkouma pomoci
nich zne¢isténi ovzdusi v Ceské republice.

Teoreticka ¢ast poskytuje prehled vybranych technologii GIS, véetné ArcGIS, QGIS
a Google Earth Engine (GEE), a poté shrnuje jejich moznosti pro prostorovou analyzu. Dale
se zabyva latkami znecistujicimi ovzdusi, jejich zdroji a jejich vlivem na lidské zdravi.
Zahrnuje také analyzu riznych zdroji dat, vcetn€ satelitnich snimki, pozemnich
monitorovacich stanic a nejlepSich ptipadi vyuziti téchto dat.

V praktické ¢asti byla data o kvalité ovzdusi shromazdéna, analyzovéana a zmapovana
pomoci aplikaci ArcGIS Pro, ArcGIS Online, ArcGIS Insights a ArcGIS StoryMaps, které
byly vybrany po porovnani nastroji. Soucasti vysledki je interaktivni webova aplikace,
ktera prezentuje kliova zjisténi prostfednictvim map, interaktivnich histogramt a
vizualizaci. Vybrané nastroje od spolecnosti ArcGIS poskytly pfesnou analyzu a efektivni
prezentaci dat.

Tato studie také ukazuje, jak mize GIS podporovat monitorovani Zivotniho prostredi
souvisejici s fizenim kvality ovzdusi. Zjisténi mohou byt uZite¢nd pro tvlrce politik a

vyzkumné pracovniky pfi zlepSovani fizeni kvality ovzdusi.

Klic¢ova slova: GIS, Interaktivni mapovani, Dynamické vrstvy, ArcGIS, Znec€isténi ovzdusi,

Zdroje emisi, Dopadové zony
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1. Introduction

We are lucky to live in today's digital world. Data and its analysis are becoming
very important and useful for assessing and predicting many things and events. Based on
these facts, geospatial data analysis and cartography play a huge role in different
disciplines, such as urban planning, environmental monitoring, and health care. Together
with the technology growth, the demand for accurate, real-time geospatial data is also
increasing, making an impact on industries such as climate research, smart cities, transport,
and epidemiology.

However, together with technological advancements and urbanization, emissions
have also increased, making air pollution a major environmental and public health
challenge, particularly in many European countries. Industrial activities, transportation,
and energy production play a key role in the rising levels of pollutants such as particulate
matter (PMa.s, PMio), nitrogen dioxide (NO2), and ground-level ozone (Os) (WHO, 2021).
Many European cities exceed air quality limits set by the World Health Organization
(WHO) and the European Environment Agency (EEA), which may lead to problems with
environment, agriculture, and people’s health. As air pollution continues to get worse,
monitoring and analysis of its impact have become more important than ever. Based on
that, the GIS technologies may play a huge role in the future, as they also help to predict
trends.

In the theoretical part of this study, different GIS tools and datasets will be
overviewed and later compared based on different parameters. For GIS tools, it includes
usability, system requirements, data integration capabilities, spatial analysis, and
visualization tools. Datasets will be evaluated based on parameters such as data source
(satellite imagery, ground-based stations, or modeled data), spatial and temporal resolution,
accuracy, coverage, availability, and compatibility with GIS platforms.

The best-performing software and datasets will then be used in the practical part to
analyze air pollution across the Czech Republic and develop an interactive GIS-based web

application, showing distribution via interactive mapping and graphs.
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2. Objectives and Methodology
2.1 Objectives

The main goal is to research, evaluate, and compare the capabilities of available GIS
platforms, tools, and datasets that are used for air pollution analysis. The technical aspects,
such as data integration, performance, ease of use, and extensibility, will be key. Another
objective of the research is the case study of the geographic distribution of air pollution in
the Czech Republic, focusing on major emission sources (e.g., industrial zones, traffic
congestion) and the areas most affected by poor air quality. The case study will be used as
a practical example for GIS tools comparison. The results of the case study will be provided
through the application that shows interactive layers for air pollution data across different

regions and allows users to toggle between these layers.

2.2 Methodology

The first phase focuses on selecting multiple GIS tools for comparison to perform the
data analysis and application building. Then we summarize the strengths and weaknesses of
each tool in terms of usability, performance, and applicability to air quality analysis.

The next step is the analysis of the geographic distribution of air pollution, focusing
on emission sources and impact zones. The collection of data includes historical and real-
time air quality data. The primary sources of data are open-source air quality databases,
satellite data, government and other public resources.

Developing an application that visualizes real-time or historical air pollution data
across selected regions using tools which perform best in terms of ease of use, performance,
and extensibility. An outcome includes the clear understanding of which tool set is most
suitable for your specific needs and shows the critical areas where air pollution poses the
greatest threat to public health, which can be used for potentially guiding policymakers in

mitigation strategies.
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3. Literature Review

3.1 Introduction to GIS and its applications
3.1.1 Definition of geographic information systems (GIS).

According to Esri, a leading GIS software provider, GIS is a technology that is used
to create, manage, analyze, and map all types of data. GIS connects data to a map,
integrating location data (where things are) with all types of descriptive information (what
things are like there). This provides a foundation for mapping and analysis that is used in
science and almost every industry. The benefits include improved communication,
efficiency, management, and decision-making (Esri, 2025).

Geographic Information Systems (GIS) is now more important than ever.
Nowadays, these tools are becoming essential for analyzing, managing, and visualizing
spatial data across various disciplines. A GIS is a system designed to capture, store,
manipulate, analyze, manage, and present geographic data (Bolstad, 2016). Unlike
traditional mapping techniques, GIS integrates multiple data sources. It makes spatial
analysis with data-driven decision-making possible.

However, GIS is not only about mapping. ArcGIS Online, for instance, enables
users to create, share, and analyze spatial data in a cloud-based environment, facilitating
collaboration and access to a vast repository of geographic information (Esri, 2025). One
of the key advantages of GIS is its ability to integrate spatial and non-spatial data from
various sources such as satellite imagery, census data, GPS, and real-time sensor networks
(Bolstad, 2016). This integration allows for in-depth analyses based on more than one
factor and allows for conclusions and predictions that are valuable for both research and
decision-making. With the development of cloud computing and spatial analytics based on
artificial intelligence, GIS is transforming into a more dynamic and interactive tool for
real-time monitoring and policy planning.

GIS technology is widely used in urban planning, environmental management,
transportation, disaster response, and public health (Burrough & McDonnell, 1998). For
example, in urban planning, GIS helps city authorities analyze land and build schemes for
future infrastructure construction. In environmental management, GIS plays an important

role in monitoring deforestation, managing water resources, and analyzing air pollution. In
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healthcare, GIS is used to map disease outbreaks or epidemics, analyze the availability of
healthcare, and identify public health risks.

3.1.2 Evolution of GIS technologies and its use

The roots of cartography and mapping go back a long way. The first maps, which
were created hundreds and thousands of years ago, were used for exploration, strategizing,
and planning. As population grew, there was a huge need for a more advanced method of
mapping and analyzing geographic information, something that traditional maps could not
effectively show.

One of the earliest instances of spatial analysis occurred in 1854 during the cholera
outbreak in London, where physician John Snow mapped the locations of cholera cases
(Picture 1).

Picture 1. John Snow’s original map showing the outbreak of cholera against the

location of the water pumps.

Source: https://en.wikipedia.org/wiki/File:Snow-cholera-map-1.jpg

By overlaying the cases on a street map, he identified a contaminated water pump

as the source of the outbreak, leading to one of the first recorded uses of spatial analysis for

14


https://en.wikipedia.org/wiki/File:Snow-cholera-map-1.jpg

public health (McLeod, 2013). This work proved that geographic data with proper analysis
could show hidden relationships and drive decision-making in critical situations.

The formal development of GIS began in the 1960s, when machines allowed
scientists to analyze spatial data digitally. The first true GIS, the Canada Geographic
Information System (CGIS), was developed in 1963 by Roger Tomlinson, often referred to
as the "father of GIS" (Esri, 2025). CGIS introduced the ability to store and process large
amounts of geographic data in a digital format, allowing for more advanced analysis than
traditional paper maps. This system was used primarily for land use management and
resource planning in Canada (GISGeography, 2023).

In the 1970s and 1980s, GIS developed further with vector and raster data models,
which allowed spatial features to be stored as points, lines, and polygons. In 1982, Esri
released Arc/INFO, one of the first commercial GIS software applications, marking the
beginning of GIS adoption beyond government and academic institutions (USC GIS
Graduate Programs, 2025). However, due to its complexity and high cost, GIS was still
primarily used by specialists.

The 1990s saw a revolution in GIS technology with the introduction of graphical
user interfaces (GUIs) that made GIS tools more accessible to other users. The launch of
ArcView GIS in 1991 provided a user-friendly interface that made interaction with spatial
data possible for non-specialists. During this period, global positioning system (GPS)
technology became widely available, which improved the accuracy of geospatial data
collection (Steenson, 2019.). In addition, satellite remote sensing and LiDAR technologies
were developing, which also created new opportunities for data collection.

Internet-based GIS launched in the early 2000s, which gave users access to
geospatial data online. Google Earth, launched in 2005, played a key role in popularizing
GIS and made satellite imagery publicly available. Open-source GIS platforms such as
QGIS have also become available, offering an alternative to commercial GIS software.

During the last decade, GIS has grown into a cloud-based, artificial intelligence-
driven, real-time technology. Cloud-based GIS platforms such as ArcGIS Online and
Google Earth Engine allow users to analyze vast amounts of geospatial data without
requiring powerful local hardware (Esri, 2025). The recent developments in artificial
intelligence (Al) and machine learning (ML) have completely revolutionized GIS
applications. Al-based GIS tools can now identify patterns, automate spatial analysis, and

improve predictive modeling for applications such as climate change assessment and
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disaster response (USC GIS Graduate Programs, 2025). Real-time GIS using IoT (Internet
of Things) sensors is being used to develop smart cities, traffic management, and
environmental monitoring (Steenson, 2019). In smart cities, GIS integrates real-time 10T
data from air quality sensors to optimize traffic management and reduce vehicle emissions,
improving urban air quality (Zhang et al., 2021). GIS has come a long way, evolving from
simple paper maps to powerful Al-driven, cloud-based tools. Today, it’s more than just
mapping—it’s a vital tool for urban planning, environmental monitoring, and disaster
response. With Al, machine learning, and 10T, GIS now provides real-time insights,
helping cities manage traffic, track pollution, and respond to emergencies more efficiently.
As technology keeps advancing, GIS will play an even bigger role in tackling global
challenges like climate change and sustainability, making it an essential tool for smarter

decision-making in the future.

3.1.3 Overview of GIS applications in environmental science, specifically for air

pollution analysis

GIS is widely used to collect, analyze, and visualize air pollution data. As the issue
of air quality and its impact on human health is very important today, it has become an
important tool for environmental policy and management. One of the main applications of
GIS in air pollution studies is the tracking and visualization of pollutant concentrations in
different regions. By integrating real-time data from various sources—such as satellite
imagery, ground monitoring stations, and meteorological models—GIS enables researchers
and policymakers to assess pollution levels more accurately (Gurjar, Molina & Ojha,
2010).

GIS tools help to track the dispersion of different pollutants such as nitrogen
oxides, sulfur dioxide, carbon monoxide, and particulate matter, and most importantly,
help to pinpoint major emission sources, such as power plants, highways, and industrial
zones. As a result, GIS allows authorities to map and visualize pollution concentrations in
urban and industrial areas, helping to identify pollution sources and affected communities
(Burrough & McDonnell, 1998).

Beyond air pollution, GIS plays a critical role in various environmental
applications. In climate change monitoring, GIS is used to analyse temperature variations,
deforestation patterns, and rising sea levels over time (Bolstad, 2016). It also contributes to
disaster management, where GIS tools help predict and respond to natural disasters such as
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wildfires, floods, and hurricanes by identifying high-risk areas and planning evacuation
routes (De Smith, Goodchild & Longley, 2007). Additionally, GIS is widely applied in
biodiversity conservation, assisting in habitat mapping, species distribution analysis, and
ecosystem monitoring to support wildlife protection efforts (Gurjar, Molina & Ojha, 2010).

Based on the above, it is safe to say that the application of GIS in air pollution
analysis goes beyond simple data visualization—it enables comprehensive monitoring,
source identification, risk assessment, and predictive modeling. By integrating multiple
data sources and analytical techniques, GIS provides science-based insights that help
policymakers develop effective pollution control measures. As GIS technology continues
to evolve, introducing artificial intelligence, 10T sensors, and real-time monitoring
networks, its role in air quality management will only increase.

Overall, GIS transforms raw spatial data into insights that guide research,
policymaking, and urban planning. Its ability to visualize complex datasets interactively
makes it easier to identify patterns and relationships that might not be visible in tabular
data. In environmental studies, GIS helps illustrate pollution gradients, highlight
vulnerable communities, and track changes over time—making it an indispensable tool for

sustainable development and public health.

3.2 Overview of different of GIS tools and technologies

GIS technology has progressed significantly for the last decade. Nowadays they
provide a range of tools for managing, analyzing, and visualizing spatial data. This part
focuses on an overview of tools, differences, basic functionality, and applications.

Understanding that is critical to selecting the most appropriate platform for specific needs.
3.2.1 Core features of GIS software

Most GIS software share common features that enable users to manage and analyze
spatial data effectively. These core features include data processing, spatial analysis,
visualization, and extensibility. One of the primary functions of GIS software is to handle
spatial and non-spatial data. This includes:

o Importing and exporting different geospatial formats (e.g., Shapefiles,

GeoJSON, KML, raster data).
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o Storing data in spatial databases such as PostGIS and Esri Geodatabase

(Bolstad, 2016).

o Managing attribute tables that link geographic features to descriptive data,

enabling relational data analysis.

Efficient data management ensures accurate spatial representation and supports
complex analyses such as geocoding, network analysis, and land-use classification
(Longley et al., 2015).

GIS software enables spatial analysis, which involves examining spatial patterns,
relationships, and trends. Some key analytical functions include overlay analysis,
buffering, spatial interpolation, and network analysis. Overlay analysis involves combining
multiple spatial layers to identify patterns and relationships within geographic data.
Buffering is used to create zones around specific features, allowing for the analysis of
proximity impacts. Spatial interpolation helps estimate unknown values based on known
data points, making it particularly useful in air pollution mapping (Gao & Cheng, 2020).
Network analysis is applied in transportation planning to determine optimal routes, service
areas, and accessibility (Miller & Shaw, 2015). These tools allow users to conduct in-depth
studies, from identifying pollution hotspots to predicting disaster-prone areas.One of the
most important aspects of GIS is its ability to visually represent spatial data. Effective
visualization allows for better communication of complex information. GIS software
provides:

o Cartographic tools — Enabling the creation of maps with customized

symbology, labels, and legends.

o Thematic mapping — Displaying spatial variations in data such as population

density, temperature changes, or pollution levels.

o 3D visualization — Helping users analyze terrain, city models, and

environmental changes (Zhang et al., 2021).

Modern GIS platforms are highly flexible, allowing users to expand their
capabilities with plugins and APIs. In QGIS, users can install or develop plugins to
introduce new tools and automate workflows, making the software more powerful and
tailored to specific needs. ArcGIS offers APIs in Python and JavaScript, enabling
developers to customize applications, integrate GIS with other platforms, and build web-

based mapping solutions. Google Earth Engine provides an API for large-scale geospatial
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analysis, leveraging cloud computing to process vast amounts of satellite imagery and
environmental data (Gorelick et al., 2017). This extensibility ensures that GIS software
stays relevant as technology advances, incorporating artificial intelligence, big data
analytics, and real-time processing to meet evolving challenges (Esri, 2025).

Whatever the type of software, core GIS functions are still the same. It includes
data processing, spatial analysis, and mapping, which are essential tools for decision-

making processes.
3.2.2  Overview of open-source and proprietary GIS tools

GIS software can be classified into two main categories: open-source and
proprietary. The choice between them depends on factors such as cost, functionality, ease
of use, and the specific requirements of a project.

Open-source GIS tools are available for free, which makes them a popular choice
for researchers, government agencies, and businesses looking for cost-effective solutions.
They are highly customizable and benefit from community-driven development. Some of
the most widely used open-source GIS tools include:

o QGIS (Quantum GIS) — One of the most powerful open-source GIS tools,

QGIS supports a wide range of data formats, spatial analysis functions, and

visualization tools. It allows users to extend its capabilities through plugins and

integrates well with other GIS tools (Graser, 2016).

o Google Earth Engine (GEE) — A cloud-based platform that enables large-

scale geospatial analysis, particularly for environmental monitoring and remote

sensing applications. GEE provides access to extensive satellite imagery and

powerful computation capabilities (Gorelick et al., 2017).

o Leaflet — A lightweight JavaScript library designed for interactive web

mapping. It is widely used for developing web-based GIS applications and allows

for easy integration with OpenStreetMap (Chaturvedi, 2020).

Proprietary GIS software is developed and maintained by private companies, often
providing more polished interfaces, dedicated technical support, and specialized features.
These tools are widely used in commercial, government, and industrial applications. Some

leading proprietary GIS tools include:
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o ArcGIS (Esri) — One of the most comprehensive GIS platforms, ArcGIS
offers robust spatial analysis, mapping, and real-time data integration. It provides
cloud-based solutions through ArcGIS Online and supports Al-driven geospatial
analytics (Esri, 2025).

o Maplnfo — A desktop GIS application used for mapping and spatial
analysis, particularly in business and government sectors. It supports geospatial
modelling and integrates well with databases (Pitney Bowes, 2019).

o ERDAS Imagine — A remote sensing software specializing in image
processing and raster data analysis, widely used in environmental monitoring and
land-use planning (Hexagon Geospatial, 2020).

The table below provides a basical overview of the software mentioned above.

Table 1. GIS tools overview

Google
Map Erdas
Feature QGIS Earth Leaflet ArcGIS ) _
_ Info Pro | imagine
Engine
Open- Open- ) ) )
Type Open-source| Proprietary | Proprietary | Proprietary
source source
- Pitne
QGIS Open-source Y Hexagon
Developer . Google | community Esri Bowes Geospatial
community
Cost Free Free Free Paid Paid Paid
) ) ) Remote
) Big data Professional | Location )
Mapping, ) Web-based ) ) sensing,
) ) analysis, | ) GIS, intelligence, )
Primary use| spatial interactive . . satellite
. remote ] geospatial | business .
analysis ] mapping ) ] imagery
sensing modeling | mapping .
analysis
3D N N
. Limited Yes No Yes Limited Yes
capabilities
Full
Cloud Y o
) ) Yes cloud- Yes Yes Yes Limited
integration
based
Mobile Yes  |ves(Web-| Yes (Web- |Yes (ArcGIS| .
L . Limited No
compatibility| (QField) based) based) Mobile)

Source: own processing
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ArcGIS remains a leader in the GIS industry, offering advanced solutions for
spatial analysis and decision-making. They are implementing new features in their
software on an ongoing basis. It includes automation, big data integration, and real-time
geospatial analytics, making ArcGIS the most popular and innovative platform for solving

global challenges.

3.3 Air pollution and its geospatial aspects

3.3.1 Air pollution sources

The World Health Organization defines air pollution as any chemical, physical, or
biological agent that affects the natural properties of the atmosphere, contaminating either
interior or outdoor environments (WHO, 2021). When we think of sources of air pollution,
we usually imagine buildings with big smokestacks like power plants and factories. Of
course, such buildings contribute enormously to pollution not only to the air but also to the
water and land around them. However, only about a quarter of air pollution comes from
smokestacks. The rest comes from a wide variety of everyday sources. Household
combustion devices, motor vehicles, and forest fires are also common sources of air
pollution (NIEHS, 2025).

3.3.2 Types of pollutants

Air pollutants are different in their composition and impact on health and the
environment. There are some primary pollutants, which are directly emitted from sources,
and secondary pollutants, which form through chemical reactions in the atmosphere.
Primary pollutants are particulate matter (PMz.s and PMo), nitrogen oxides (NOx), sulfur
dioxide (SO:), carbon monoxide (CO), volatile organic compounds (VOCs), ammonia
(NHs), and lead (Pb), while secondary ones are ground-level ozone (Os), peroxyacetyl
nitrates (PANs), and acid rain components such as sulfuric acid (H2SO4) and nitric acid
(HNO:3).

Particulate matter (PM..sand PMo) consists of tiny airborne particles that can
penetrate deep into the respiratory system, increasing the risk of lung diseases and

cardiovascular issues (Gurjar et al., 2010).
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Noxious gases, which include carbon dioxide, carbon monoxide, nitrogen oxides
(NOy), and sulfur oxides (SOy), are components of motor vehicle emissions and
consequences of the industrial processes (EPA, 2023).

Ozone (Os), which is mostly known as smog is created when pollutants from cars,
power plants, and other sources chemically react in the presence of sunlight (WHO, 2021).

The toxicity of PAN is higher than that of ozone. Eye irritation from photochemical
smog is caused more by PAN and other trace gases than by ozone, which is only sparingly
soluble (Seinfeld & Pandis, 2016).

Long-term exposure to polluted air is linked to severe health conditions, including
respiratory diseases, cardiovascular problems, and premature mortality. PM2.5, for
instance, has been identified as a major factor in lung cancer and heart disease (Gurjar et
al., 2010).

3.3.3 Effects of pollution on health and environment.

The spread of air pollution is highly dependent on geographic and climatic
conditions. Mountainous areas can trap pollutants, leading to prolonged exposure in
valleys, while coastal regions often benefit from strong winds that help disperse
contaminants. Urban heat islands, created by dense infrastructure and limited vegetation,
can intensify pollution levels in cities. GIS tools play a critical role in mapping and
analyzing these patterns, providing insights into the movement of pollutants over time and
aiding in the development of targeted mitigation strategies (de Smith et al., 2007). By
integrating satellite data, real-time sensor readings, and meteorological models, GIS
enables a more precise understanding of how pollution behaves across different

environments.

3.4 GIS data sources for air pollution analysis

To understand air pollution or any other patterns, it requires reliable data from
different sources. Geographic Information Systems (GIS) help analyze this data. The main
sources of air pollution data include public datasets and APIs, which provide large-scale
and real-time pollution measurements, and data collection methods, which include satellite

data, ground-based monitoring, and crowdsourced data.
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3.4.1 Data collection methods

Air pollution data is collected using different methodologies, such as satellite
remote sensing, ground-based monitoring stations, and crowdsourced contributions.
Remote sensing technologies allow large-scale air pollution monitoring, offering
continuous and consistent data on atmospheric pollutants.

Satellites are one of the most effective ways to monitor air pollution over large
areas. Instruments like TROPOMI (Sentinel-5P), MODIS, and OMI measure pollutants in
the atmosphere. They allow researchers to track long-term trends and identify pollution
hotspots. However, satellite data needs to be combined with ground measurements for
better results.

Regulatory agencies and research institutions use ground-based air quality
monitoring stations that provide real-time, high-accuracy data on different pollutants.
These stations typically measure particulate matter (PMa.s, PMio), gaseous pollutants (CO,
NO-, SO, Os), and meteorological factors (temperature, wind speed). Ground-based
monitoring data is used to validate satellite-based observations and provide localized air
quality insights for urban planning, environmental regulations, and public health
assessments (EEA, 2024).

New technologies have made it possible for individuals to contribute air quality
data using low-cost sensors. Platforms like PurpleAir and AirVisual allow people to install
sensors in their homes or neighborhoods, providing hyper-local pollution data. Although
crowdsourced data may not be as accurate as official monitoring stations, it helps fill gaps

in areas where official data is unavailable.

3.4.2 Public datasets and APIs overview

Publicly available datasets and APIs offer information on air quality, collected by
satellites, environmental organizations, and government agencies. These sources show
real-time and historical data, helping researchers and policymakers track pollution trends
and make correct decisions. Each of them uses different key parameters for analysis and

represents different types of data sources.

23



Table 2. Summary of different datasets

Data sources Type Key parameters Base formats
Sentinel-5P (ESA, ) NetCDF, HDF,
NASA) Satellite-based NO2, SOz, CO, CHa, O3 GeoTIFF
OpenAQ , | PMa.s, PMio, CO, NO, | JSON, CSV, API
p Real-time monitoring SO», 05 ACCESS
EEA .(European Ground-based and Pollutant levels, CSV, JSON, XML,
Environment . .
satellite data meteorological data API access
Agency)
WHO Air Pollution Global health Annual air quality
Database monitoring reports CSV, Excel, PDF
PurpleAir loT sensor network PM:.s, PMio JSON, CSV, API
(Crowdsourced) access

Source: own processing

The Sentinel-5P satellite, operated by the European Space Agency (ESA), monitors
air pollution globally. It uses advanced sensors to measure harmful gases such as nitrogen
dioxide (NOz2), carbon monoxide (CO), sulfur dioxide (SO2), ozone (Os), and methane
(CHa.). This data is useful for identifying pollution sources and studying environmental
changes over time. Since it provides daily global coverage, it is one of the most widely
used datasets for air quality research (ESA, 2018). Retrieved data usually comes in TIFF

format and looks like the picture below:

Picture 2. Retrieved satellite data

Source: NASA Giovanni (2025)
OpenAQ is a non-profit platform that collects air quality data from official
monitoring stations worldwide. It provides real-time measurements of pollutants like fine

particulate matter (PMa.s, PMio), 0zone, and nitrogen dioxide.

24



The platform is open-source, meaning researchers, policymakers, and the public

can freely access and use the data for analysis.

Picture 3. Pollution representation via OpenAQ

Source: OpenAQ (2023)

There are also a few government agencies that provide high-quality air pollution
data, such as the Environmental Protection Agency (EPA) in the United States, the World
Health Organization (WHO), and the European Environment Agency (EEA). These
sources are highly reliable and are often used for environmental regulations and public

health research (WHO, 2021).
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4. Practical Part

During the practical part, the air pollution in the Czech Republic was analyzed with
a focus on four key pollutants: PMa.s, PMio, NO2, and Os. The data from the European
Environment Agency (EEA) was processed and visualized air quality information through
ArcGIS Pro spatial analysis tools. The results of the analysis were presented as a web
application, which was created using ArcGIS Online, ArcGIS Insights, and ArcGIS
StoryMaps.

4.1 Choosing and pre-processing of dataset

4.1.1 Obtaining data

The data collection methods and public data sources were overviewed in the
theoretical part. Based on that information, since this research focuses on local air
pollution analysis, ground-based station data is the best option. Unlike satellite data,
ground-based sensors offer highly accurate measurements of pollutants. Additionally,
while retrieving satellite data (Picture 2) it turned out that this type of data is often pre-
processed using models and assumptions. Ground-based stations, on the other hand,
provide raw, directly measured concentrations and are usually stored in user-friendly
formats, such as CSV, JSON, or databases, making it easier to integrate into GIS tools like
ArcGIS. For global or long-term studies, | would recommend combining both ground-
based and satellite data to achieve the most accurate results.

For the analysis of air pollution in the Czech Republic, I utilized DBF (dBase File)
datasets obtained from the European Environment Agency. The dataset can be accessed by
this link: https://www.eea.europa.eu/en/datahub/datahubitem-view/b51e1091-4459-4ale-
8dbc-dd7a30949b90.

DBF format is flexible and commonly used for storing attribute data in GIS

applications. It could be easily converted to JSON or CSV. These datasets contain station-
based air quality measurements (annual averages) for air pollutants like PMz.s, PMio, NO,
and Os, which are calculated based on hourly or daily measurements from air quality
monitoring stations. There are different datasets for each type of station, such as rural,
urban, and suburban, which will be combined later for more accurate analysis. The dataset

was published in 2022 and contains measurements from stations all over Europe.
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4.1.2 Data merging using Python

The European Environment Agency provides datasets for rural, urban, and
suburban stations. To perform the most accurate analysis of air pollution in the Czech
Republic, 3 datasets were merged into one file for each pollutant. This step was necessary
to obtain a complete dataset for spatial analysis and was performed using Python. The code
below was used for merging observational values of the air quality monitoring stations for
PM2.5.

Picture 4. Merging datasets using Python

merge.py -+
import pandas as pd
from simpledbf import Dbfs

df3 = Dbf5("D:

# Merge the Da

merged_df = pd ([df1, df2, df3], ignore_index=True)

#£5 ed

merged_df.t nloads\pm25\$avg_pm25_total.dbf", index=False)

pPindﬂ"HEPged!1m

Source: own processing

The same approach was performed for other data files, including measurements for
PMlo, NOz, and Os.

4.2 Choosing a toolset
4.2.1 Comparison of QGIS, ArcGIS and Google Earth Engine

The most popular GIS tools are ArcGIS, QGIS, and Google Earth Engine (GEE).
Below is a comparison based on key parameters, including usability, system requirements,
data integration capabilities, spatial analysis functions, visualization features, and web
application building.

Usability is a key factor for any software; it shows how easily users can interact
with the software. ArcGIS provides a user-friendly interface with an extensive GUI and

built-in templates, making it easy to use for professionals. Also, it has the ArcGIS online
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platform, which is even more user-friendly. The documentation could be found on official
websites, and the community is big and helps with some issues on forums.

Google Earth Engine is a cloud-based platform used for large-scale geospatial
processing, with a focus satellite imagery. It requires coding skills in JavaScript or Python,
which can be a barrier for users without programming experience.

QGIS is an open-source alternative, which offers flexibility but requires more
customization. Its user interface is less intuitive for beginners compared to ArcGIS, and
some advanced functions may require additional plugins or scripting, which makes it less
streamlined for certain workflows. Another notice after opening this tool is that menu bar
buttons are not labeled, which makes navigation extremely hard (Picture 4).

Picture 5. QGIS Interface

(@ Untitled Project — QGIS
Profct Edit View layer Settngs Plgins Vector Raster Database Web Mesh Progessing Help

0 R e R A Lo e G- QKT @
ROV /RED 5= ® * ®
B B Recent Projects News
QR2TXO

Source: own processing

Another key aspect, which is important, is system requirements. ArcGIS Pro is a
high-performance GIS software that requires a powerful CPU, a dedicated GPU, and an
SSD for handling large datasets. However, ArcGIS also offers ArcGIS Online, which
allows users to work from any device with a browser. QGIS does not have separate
desktop and online versions—it runs as a standalone application on multiple operating
systems.

However, QGIS tends to work slower than ArcGIS, especially when processing
large datasets. Google Earth Engine is cloud-based, meaning it does not require local
processing power. The only software that provides both web and desktop versions is
ArcGIS. It makes it the most flexible and popular GIS tool because it can be used on any
device and does not depend on the internet connection. A table below shows some system

requirements and features of these 3 tools:
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Table 3. System Requirements comparison of ArcGIS, QGIS, and GEE

Cloud-
GIS tool |Operating system| Recommended hardware based |Offline mode
option
CPU: Intel i7 or higher / Yes
Windows 10/11 RAM: 16GB+ / GPU:
ATCGISPro| = e bit Dedicated (NVIDIA/AMD) / (gr:(l:i?];)s ves
Storage: SSD
ArcGIS Windows, .
Online macOS, Linux None (Runs in a browser) Yes No
CPU: Intel i5 or higher /
Ground-based RAM: 8GB+ / GPU:
| . N Y
QGIS Sensors Integrated or low-end dedicated 0 &
/ Storage: SSD recommended
Google | \yep-based (Any
Earth 0S) None (Runs in a browser) Yes No
Engine

Source: own processing

When talking about data integration, ArcGIS outperforms QGIS and Google Earth

Engine (GEE) in several key areas, based on the information from literature revirew.

ArcGIS handles all major GIS and air pollution data formats, including geodatabases,

raster, or vector data. It also could be connected to enterprise databases, making large-scale

air pollution data management. Google Earth Engine cannot connect to external databases

at all, while QGIS has limitations in database connectivity and does not have a good

optimization to work with massive datasets.

Spatial analysis tools allow users to receive statistics and visualization from

geographic data. It includes interpolation, clustering, geostatistics, spatial modeling, and

network analysis. ArcGIS provides a full set of tools needed for air pollution research; this

includes tasks such as interpolation of pollutant concentrations, hotspot detection, and

network analysis for traffic-related emissions. It has built-in tools such as Kriging and

IDW (Inverse Distance Weighting), which are essential for estimating air pollution

concentrations between monitoring stations. QGIS is not so flexible and depends on

plugins. It also supports the IDW approach, but Kriging or 3D analysis is not available.

Google Earth Engine is good only for raster analysis and remote sensing, while there is no

support for local vector analysis, making it unsuitable for working with ground-based air
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pollution station data. Based on that, ArcGIS is the most universal for air pollution
research, as its toolset is the biggest one compared to other GIS applications and allows for
the performance of different types of analysis.

The last factor used for comparison is web application building. Among the
compared tools:

o ArcGIS provides the most advanced web GIS development environment. It

offers ArcGIS Online, Experience Builder, Dashboards, and StoryMaps for creating

interactive and professional applications with minimal coding.

o QGIS has minimal built-in web capabilities but supports web mapping

through QGIS2Web and GeoServer. However, these tools require manual setup and

technical expertise, making them less accessible for users who need a ready-to-use
web GIS solution.

o Google Earth Engine is fully cloud-based, allowing large-scale

environmental analysis, but does not provide custom web application development

features. While users can embed interactive pollution maps, there is no dedicated
tool for building full-featured web GIS applications.

After evaluating the most popular GIS tools based on different parameters, ArcGIS
remains the most comprehensive and flexible solution for air pollution research. It has
powerful analytical tools, extensive format support, a user-friendly interface, and provides
many web application capabilities. These factors make it ideal for handling any type of air
quality data, such as ground-based and satellite data, while other GIS tools like QGIS and
GEE do not have such a wide choice in analysis tools and cannot handle all data formats
well. Also, while ArcGIS presents a huge number of tools for web development and
integration of maps into web applications, QGIS and GEE do not have even half of these
capabilities. A point of contention might be the price of a license in ArcGIS, but ESRI
works with many universities around the world, allowing students to use their tools for

free. These universities also include Czech University of Life Sciences in Prague (CZU).

4.2.2 ArcGIS tools

For the case study, the ArcGIS products will be used. The desktop Pro version was
already described, but such tools as ArcGIS Insights and web application building tools

will also be used.
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ArcGIS Insights is a data analytics tool that is used to create interactive
visualizations such as histograms, scatter plots, and heatmaps. These visualizations will be
used in the web application to allow users to see statistics and interact with data.

Esri provides several web GIS development tools to create interactive and user-
friendly applications. It includes ArcGIS Experience Builder, ArcGIS Dashboards,
ArcGIS StoryMaps, and ArcGIS Web AppBuilder. They all can be accessed through
ArcGIS online after logging.

Picture 6. ArcGIS web application building tools

Experience Builder

L=t

ArcGIS StoryMaps

Dashboards

Indoors

Web AppBuilder

Source: own processing

The StoryMaps tool will be used for application building, as it has all the
necessary tools for this research. It allows integration of interactive mapping, dashboards,
and multimedia and supports import from ArcGIS Insights. This tool creates professional-

looking web applications and does not require high coding skills.

4.2.3 Comparison of Analysis techniques

Geospatial analysis techniques are a must-have for understanding the distribution of
air pollution and its relationship with environmental and human factors. These techniques

allow researchers to identify emission sources, pollution dispersion patterns, and impact
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zones. Some of them are spatial interpolation methods, hotspot analysis, geostatistical
modeling, and analysis using machine learning (ML) and Al.

o Kriging: A geostatistical interpolation method that considers spatial

autocorrelation to predict pollution levels across a region. It is useful for estimating

pollutant dispersion from emission sources and identifying areas with high

exposure risks (de Smith et al., 2007).

o Inverse Distance Weighting (IDW): A simpler interpolation method that

assumes closer data points have a greater influence on estimated values. IDW is

often applied in air quality mapping to visualize pollutant concentrations and define

impact zones around emission sources (Longley et al., 2015).

Another method of geospatial analysis is hotspot analysis. This technique helps
identify highly polluted areas, allowing policymakers to focus mitigation efforts where
pollution poses the greatest health risks. These methods help differentiate between
persistent pollution hotspots near industrial zones and temporary peaks caused by specific
events like traffic congestion or wildfires (Longley et al., 2015).

In this study, Inverse Distance Weighting (IDW) interpolation and Hotspot analysis
will be used as primary geospatial methods for analyzing air pollution data. Inverse
Distance Weighting (IDW) is chosen as the interpolation method because it is
straightforward, efficient, and the most effective for local-scale air pollution mapping. This
method is also suitable for our datasets, which include ground- based measurements from
monitoring stations. Hotspot analysis may also be used as an additional technique to
compare spatial patterns.

4.3 Working in ArcGIS Pro

4.3.1 Uploading database and shapefile to ArcGIS Pro

To upload the data to ArcGIS Pro, the new project was created first. Then the
dataset was uploaded by pressing the "Add data" button and choosing the appropriate file.
The databases appear in the "Contents" section after uploading. The files also

contain data from rural, suburban, and urban stations after merging.
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Picture 7. Attribute table
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Source: own processing

As the datasets include information from stations across the whole of Europe, it is
important to add a shapefile of the Czech Republic to perform analysis only inside this
country. To upload the shapefile, the same process was used as for the data upload. After

that, the data processing and spatial analysis could be performed inside this area.

4.3.2 Data visualization

To begin the visualization of the data, the points from the table should be
transferred to the map. For this, the “XY Table to Point” tool was used. To make the points
for PM..s measurements visible, it is needed to mark such fields as X Field, Y Field, and
coordinate system. As the database contains longitude and latitude, the input was made
automatically, while the World Geodetic System 1984 (WGS 1984) is used by default in
GIS applications.
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Picture 8. Transferring table data to map layer
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Source: own processing

The same steps were performed for all other pollutants databases, including PM10,
NO:, and Os. After that, the points appear on the map. Each of the pollutants now has its
own layer and could be modified independently. The data, which is stored in points, may

be accessible by clicking on it.

Picture 9. Transferred table values
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4.3.3 Clipping data

Since the original air pollution datasets contained monitoring stations across all of
Europe, it was necessary to extract only the data points that fall within the Czech Republic

for more precise analysis. This was achieved using the “Clip” tool in ArcGIS Pro, which

allows extracting features that intersect with a defined boundary. After clipping, the new

layers were created, while the old layers still could be accessible in the “Contents” section.

Picture 10. Clipped data layer
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The clipped dataset provided a more accurate representation, allowing for better
visualization. This also improved the efficiency and precision of further geospatial

analyses by limiting the workload to the specific region of interest.

4.3.4 1IDW Analysis for PM:.s

Burrough and McDonnell (1998) describe Inverse Distance Weighted (IDW)
interpolation as a widely used deterministic spatial interpolation technique that assumes
that the influence of a known data point diminishes with distance. IDW assigns higher
weights to nearby points while reducing the impact of those further away, making it
particularly effective for continuous environmental variables like air pollution. It is based
on a mathematical formula that estimates the value of an unknown point using weighted
averages of known data points.
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Picture 11. IDW concept formula
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This formula represents the Inverse Distance Weighted (IDW) interpolation method
used to estimate an unknown value at a given location based on nearby known values. The
estimated value at a point (Zp) is calculated as a weighted average of surrounding known
values. Each known value (Zi) is inversely weighted by its distance (di) to the unknown
point. The power parameter (p) determines how strongly distance influences the weighting.
The numerator sums the weighted values of all known points. The denominator ensures
that the weights sum to 1, normalizing the result. This mathematical approach makes IDW
effective in air pollution analysis where data is collected at quality monitoring stations.

To perform this analysis in ArcGIS Pro, it is necessary to identify input point
features, the value that will be analyzed, the coordinate system, and the extent. The IDW
was also selected because it is perfect for our case of local study. Other interpolation

methods, like Kriging, are suitable for global research.
Picture 12. Data input for IDW analysis
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After spatial analysis, a labeling should be done to enhance the interpretability and
readability of the PM..s. Labeling allows for the automatic display of attribute values from
the dataset directly on the map. The station type (rural, urban, or suburban) was chosen as
the primary label for the point-based layer of monitoring stations. To classify PMa.s

concentration, the 7 classes were chosen. As a result, the new raster layer appeared after
using the IDW tool.

Picture 13. PM..s pollution visualisation
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The interpolated map (Picture 13) indicates that central and eastern regions,
including cities like Prague, Brno, and Ostrava, experience higher PM2.s concentrations,
exceeding 16-24 pg/m?® in some areas. However, western and southern parts of the country,
such as Karlovy Vary and parts of South Bohemia, exhibit lower PM..s levels, generally
falling within the "clean" range of below 12 pg/m?.

The created histogram (Picture 14) using ArcGIS Pro shows the average PMa.s
value across the country. The World Health Organization (WHO) revised its air quality
guidelines in 2021, recommending an annual mean PM.s concentration of no more than 5

pg/m? to minimize health risks (WHO, 2021).
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Picture 14. PM..s distribution
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The EU’s current legal threshold is more lenient, allowing up to 25 pg/m?® annually.
Based on this analysis, large areas of the Czech Republic surpass WHO recommendations,
indicating potential health concerns, particularly for vulnerable populations.

However, most regions remain within EU limits, suggesting compliance with
European regulations. Continued mitigation efforts, including stricter emission controls, a
transition to cleaner energy sources, and the promotion of sustainable transport, could help
reduce PM:.s pollution levels further (EEA, 2023). Western European countries, such as
Sweden, Norway, and Finland, maintain significantly lower PMz.s concentrations, often
below 10 pg/m?, due to stricter emissions regulations, a lower density of heavy industry,
and meteorological conditions (EEA, 2023). In contrast, Central and Eastern European
countries, including Poland, Slovakia, and parts of Hungary, exhibit similar or even higher
PM..s concentrations, often exceeding 20 ug/m?, due to coal-based energy production and

industrial emissions.

4.3.5 IDW Analysis for PMio

For the analysis of PMio concentration, the same processes were used. The PMio
concentration analysis in the Czech Republic, which was done using Inverse Distance
Weighting (IDW) interpolation, indicates that pollution levels vary significantly across the

country (Picture 15).
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Picture 15. PMio pollution visualisation
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Higher PMio values, above 30 pg/m?, are found in urban and industrial areas like
Prague, Brno, and Ostrava. The overall mean PMio concentration for the Czech Republic,
which was found using ArcGIS statistical tools, is 19.92 pg/m?*. The trend for PM10 is
similar to PM..s. Compared to Western and Northern Europe, where PMuo levels are often
below 15 pg/m?, the Czech Republic has slightly higher concentrations, while it is a pretty
good concentration compared to the closest neighbors, Poland and Slovakia.

PM.o levels are also influenced by seasonal changes; higher concentrations typically
appear during the winter months as a result of increased emissions from heating systems in
homes and unfavorable climate conditions that trap pollutants closer to the surface. In
contrast, PMio concentrations are often lower during the summer months because of better

air dispersion and lower emissions from heating sources.

4.3.6 IDW Analysis for NO:

Nitrogen dioxide (NO:) is a key air pollutant emitted from vehicle exhaust, industrial
processes, and combustion sources. The spatial analysis shows that NO: pollution in the

Czech Republic is mainly an urban issue, linked to traffic and industry.
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Picture 16. NO: pollution visualization
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While rural and suburban areas have good levels, cities require further

improvements, where emissions from older vehicles and industrial sources contribute to air

quality concerns. It is the visible trend in Central and Eastern Europe, while Western

European cities often have stricter regulations, resulting in lower NO2 levels. The

histogram below shows how distribution differs depending on station area.

Picture 17. NO: distribution in different areas
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It shows the levels of nitrogen oxide in different areas and confirms the huge

difference between NO: values in urban and rural areas, where people do not have as much

influence on the environment.

IDW Analysis for ozone (O3)

While the EU limit is 120 pg/m?* (maximum daily 8-hour average), the created map

shows that some regions exceed this limit.
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Picture 18. O3 pollution visualisation
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Ozone pollution follows a different pattern than NO2 and PM. While nitrogen
dioxide (NO2) and particulate matter (PM) concentrations tend to be highest in urban areas
due to direct emissions from traffic and industry, ozone levels are typically lower in urban
regions. This is because NOy emissions in cities react with Os, reducing its concentration
(EEA, 2021).

The average concentration of ozone for this case study was calculated as 118 pg/m?
using ArcGIS, which is under the EU limit. It also confirms that the Czech Republic's
ozone levels are in line with other Central European countries, where pollution transport
and meteorological conditions contribute to high rural concentrations (European
Commission, 2022).

4.4 Publishing map to ArcGIS Online

After all analysis is done, the map should be published to ArcGIS Online to allow
the use of this map in web application building. Before publishing, it is necessary to make
sure that all layers, symbology, and settings are finalized in ArcGIS Pro. To publish the
map into ArcGIS Online, such steps were performed: Share — Web Map. After assigning
the name to the map and creating a folder for it in ArcGIS Online and pressing the
“Publish” button, the map is accessible in ArcGIS Online.
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Picture 19. Opening map in MapViewer

- Rostyslav Konovod
= AirPollution - Czech Republic 2 JaEtH it b
Zielona G
Layers Cottbus Kalisz Lodz
= §
Halle (Saale) Valvadship
IANY =) adom
Leipzig o
Legnica
PM25MonitoringStation i‘w o Wrodaw
s.cz Eut ’ g ¢
Thuringla Chemnitz > ) 497, sestochowa e
Air_Pollution__Czech_ B e Walbrzych glzssi
” Republic_ WTL1 151568 W 3Fnad Laber \M\ZLS"'\ Opole
X 14223 "
158179 15577
PM10 Monitoring e 13093 &
Stations CZ o1 e D, 043 Sk o, Katowice
I Do/ W 12026 Prodke 3 o,
W 912 2natte T WA Krakow
Air_Pollution__Czech_ . s 12025 e U v e, o, o Taméw
Republic W2 Grburg / 1591 9605 EERE o T7oifedors  eisoBiai Malonolskie
< 10087 S 17827 7l N g
NO2- = §0lomeltie, 5o\
& e 3 N TR r086
Station: Nuremberg 1 '3;3(8 12173 _,\\\ ¥ v | ang '
c L 1
1\]782{ Sgumﬁ v
Air_Pollution__Czech_ ~ \ 775 J‘m he 2t o Zlina
? Republic_ WTL3 7~ e \ 12782 [ ) o ai S0 Mauny)
aria e p o 206 ol N Trencn
O3 Monitoring Stations P Ingolstadt A a ad
e ) S SLOVAK
REPUBLIC
Air_Pollution__Czech, o e
iR Poldln. Casch. & Augsburg el e
apublic ! B Stpolten Viennat, o
o ¥ Miskole []
> Monitoring Stations EU B
Stk Eisenstadt o
NO2 - background B ol e . O
stations 2o A § ol Budapest + P
e Itk Styri pe
. ginnsbric S Thits AUSTRIA Szombathely _Szekesfeherv: Szolnok =

Source: own processing

To open this map for web application creation, it should have "Shared" status. For
this, all layers of the map were selected and shared through the "My Content™ section.
Now, it is ready for use in ArcGIS Insights and StoryMaps to add interactive charts and
statistics and create a web application.

4.5 Creating interactive graphs with ArcGIS Insights

The ArcGIS Insights tool was used in the project to create histograms and heatmaps,
which will be used in the final StoryMap. By integrating these graphs and maps, | made
my StoryMap more interactive and accessible, allowing users to explore data and interact
not only with the map layers but also with graphs and data in this project.

To begin, | transferred my datasets for pollutant concentration levels from my
ArcGIS online maps to ArcGIS Insights. Then | selected the pollutant dataset, which |
would like to add to my StoryMap. The histogram, which represents average PM2.5 values
across all of the monitoring stations in the Czech Republic, was created using the "Column

chart™ visualization type.
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Picture 20. Creating a column chart in ArcGIS Insights
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For NO., the heatmap was also created. The chart on the right shows concentration
levels based on different area types—rural, suburban, and urban. It also allows users to
interact with the map through this chart—Dby clicking on different bars. The map highlights
impact zones of NO: pollution across different regions of the Czech Republic.

Picture 21. Heatmap and interactive chart for NO:

Source: own processing
The highest NO: concentrations appear around Prague, Ustecky, Moravskoslezsky,
and Jihomoravsky regions, which are known for dense urbanization and industrial activity.
It also confirms an association with major transport routes, particularly around Prague and
key industrial cities. After assigning labels and choosing colors and filters, the pages were

ready to be published. It is necessary to retrieve the link for this report, which will be used
in ArcGIS StoryMaps.
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4.6 Creating a StoryMap

The StoryMaps was selected from other web application building tools by ArcGIS.
It’s flexible, easy to use, and the key advantage is that this software allows you to use any
multimedia, such as audio, video, and images. StoryMaps also support transferring maps
and interactive data from ArcGIS Insights.

This is the final step of the practical part. After logging in to the StoryMaps portal,
the application allows you to immediately create a StoryMap from a template or scratch.
This step includes the uploading of text, ArcGIS Insights graphs, and maps from ArcGIS
online.

When everything is uploaded, the map may be published to all internet users or users
across your organization. To publish the map, the “Publish” button was used. When all

these actions are done, the StoryMap is finally available on the internet.

Picture 22. StoryMap creation
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Now, this presentation allows users to access the data about air pollution in the
Czech Republic, interact with maps, and see the key insights about pollutant measurements
across the country. The web page also contains information about pollution levels in some
other European countries. In the end of the StoryMap, there are recommendations, which

could be used to improve air quality in the Czech Republic.
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5. Results and Discussion

Created map layers and published a StoryMap that represents air pollution in the
Czech Republic and could be accessed by this link: https://arcg.is/11GeyuO.

It shows the key trends for pollutants, such as that major urban centers, industrial
regions, and transportation hubs exhibit the highest concentrations of PMa.s and NO.. The
heatmap created with ArcGIS Insights shows the most critical areas in the Ostrava-
Karviné Industrial Region, Prague city center, and Northern Bohemia.

The statistics that were retrieved using IDW and statistical tools in ArcGIS Pro
were compared with WHO and EU air quality limits. For example, the recommended
annual limit of PM10 is 15 pg/m?, while research shows 19.92 pg/m?3. All other pollutant
concentrations are higher than the limits of the World Health Organization, but still in the
range of European Union rules. Overall, the average concentrations of pollutants in the
Czech Republic remain moderate, but western countries, such as Germany or Denmark,
have a better situation because of stricter environmental policies for public transport and
factories.

Improvements that could be done to improve air quality include industrial and
transport emission control, underground ventilation, and green corridors. For example, in
Ostrava-Karvina, where pollution spikes at certain hours, factories could be required to
shift operations to off-peak times or adjust production levels based on live pollution
readings.

The chosen toolset performed well in analyzing and visualizing air pollution trends
in the Czech Republic. ArcGIS Pro provided powerful spatial analysis for ground-based
data from monitoring stations. ArcGIS Online provided data sharing of the layers to the
Internet. ArcGIS Insights enabled advanced data exploration and interactive analytics,
allowing the inclusion of these statistics into the final web application. Finally, ArcGIS
StoryMaps effectively helped in web application building. Together, these tools created a

great technical environment for the study.
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6. Conclusion

This bachelor thesis examined the functions of different GIS tools and their
application in analyzing air pollution in the Czech Republic. The theoretical part provided
an overview of GIS technologies, including ArcGIS, QGIS, and Google Earth Engine,
and discussed various data sources and spatial analysis methods. The practical part
involved using ArcGIS Pro, ArcGIS Online, ArcGIS Insights, and ArcGIS StoryMaps to
visualize and analyze air pollution data. These tools helped in effective data processing
and visualization, resulting in a user-friendly web application.

The findings highlight key pollution trends across the Czech Republic, main
emission sources, and regions with critical pollution levels, such as the Ostrava-Karvina
Industrial Region, Prague city center, and Northern Bohemia. The insights help to create
strategies to reduce air pollution levels in the country.

The study confirms that GIS tools are necessary for environmental research and
policy planning. In addition, with the development of artificial intelligence, these tools
will become irreplaceable in the future, as they have the potential to not only analyze but
also predict future events exactly. Future research could expand this work by integrating

real-time sensor data and predictive modeling to enhance air quality assessments further.
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9. Appendix

Link to the StoryMap in ArcGIS Online - https://arcg.is/11Geyu0

Duplicate posted on the university server -
https://qis.czu.cz/portal/apps/storymaps/stories/53edf53d46cadac7bd771fcf113e468c
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