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Chapter 1 

Introduction 

Nowadays a lot of attention is focused on saving the environment and decreasing 

the negative human impact on it. Comparing to the others types of pollution, air 

pollution is happening in a shorter time scale and in most cases can be noticed by 

anyone, since air quality directly affects our health and lifestyle. 

Apply ing modern data collection, processing and visualization tools, the analy­

sis of current conditions of air pollution can be brought to social masses. The possible 

connection of air quality wi th regular weather conditions, industrial activity, vehicles 

usage and common health issues is estimated on air pollution data, known pollutant 

behavior and information about administrative regions. 

This thesis presents the development of an on-line air quality monitoring appli­

cation for the major cities and towns of the Czech Republic. Based on the results 

of previous approaches on finding the connection between ambient air pollution and 

local life quality, this work includes a common range of pollutants and higher tempo­

ral coverage. The data are collected wi th the use of python programming language, 

and subsequently they are processed and saved in the PostgreSQL database. For 

their visualization the python matplotlib package is used. 

1 



Chapter 2 

Objectives 

This work is focused on creating a web application for sharing the state of air 

pollutant concentration in the Czech Republic cities. The ideal aim of a resulting 

application is to make a clear and simple summary for the any end-user. To this end 

the objectives of the thesis are: 

• Analyse the historical levels and trends of air pollution in Czech Republic by 

regions. 

• F i n d problematic places and compare live data results wi th the historical ones. 

• Develop an application for collecting and processing the data. 

• Classify processed live data and provide a brief summary for the end-users. 

• Create a web application for displaying results of the summaries. 

• Raise the social awareness and involvement on the air pollution issues in local 

3 



Chapter 3 

Literature Review 

The ambient air pollution major threat is present since 1950s, when the coal-

combustion power plants were put into the operation emitting large amounts of 

S 0 2 , N O x and other pollutants into the air [1]. Ambient air pollution monitoring 

was initialized and maintained by the C H M I 1 since 1964, expansion of a monitor­

ing network and the smog warning systems was performed during the next years 

covering Ostrava region in 1969 and Brno region in 1970 [1]. Other organisations 

were involved in the ambient air quality measurement and monitoring, such as: 

Publ ic Health Service, Organization for the Rationalization of Power Plants, Czech 

Geological Survey, Forestry and Game Management Research Institute, Water M a n ­

agement Research Institute and the Research Institute of Plant Production [1]. The 

first measurements in the industrial areas were followed by the analyzing of elevated 

S 0 2 concentrations impact on health. Children organisms responded to the higher 

S 0 2 levels same way as if they were in high mountains with the lower 0 2 pressure. 

A n increase in the total surface of erythrocytes ensured the transfer of the 0 2 to 

tissues easier [2]. In 1987 an estimated 2-3% of the total mortality in the Czech 

Republic could be connected wi th the air pollution there [3]. Back in few decades, 

an air pollution problem was considered as the local scale problem. However due to 

Czech Hydrometeorological Institute 
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6 Chapter 3. Literature Review 

the long-range transport it has developed into the regional-scale issue [4]. 

A positive decrease trend of the air pollution can be referenced back to the 

1980s [5]. However, first noticeable effect of an ambient air quality improvement was 

after passing through the communist past, which was triggered in November 1989 

by the Velvet Revolution [1]. Newly adopted strict legislation measures, investments 

into desulphurisation remedies installed at large emission sources and a transfer from 

burning lignite to gas heating, brought the reduction of 90% of the S 0 2 emissions 

[1]. A n important motivation in reducing pollution for the Czech Republic also was 

the preparation for the E U accession [6]. 

From 1989 t i l l 1998 an incredible improvement in the air pollutant emissions 

reduction can be seen [7, 8, 9]. This is due to the transition from the coal burning to 

gas in many places and the newly strict emission limits to be met in 1998 (Figures 

3.1 and 3.2, taken from article [1]). 

Nowadays the number of air measuring stations had been reduced or mod­

ernized. There are 198 measuring stations in the Czech Republic, 127 of them are 

maintained by the C H M I and 80 out of 127 stations are automated [11]. The air 

quality had also improved since then, however some places still have problems wi th 

the suspended particles, ground-level ozone and benzo[a]pyrene, similarly to other 

areas in Europe [12]. Current directions in an air pollution monitoring are C O , S02 , 

N O x , P M 2 . 5 , P M 1 0 , benzene, benzo[a]pyrene and toxic metals in aerosol [1]. 

Self-cleaning process of the atmosphere- atmospheric deposition, which cleans 

an ambient air from pollutants, however it acts as a contamination source for the 

hydrosphere, pedosphere and biosphere [13]. A n improvement of air quality and 

atmospheric deposition decreasing in the same time, have also been demonstrated 

by long-term biomonitoring, including mosses and tree bark analysis [14, 15, 16, 17, 

18, 19]. 

A suspended particles air pollution is considered to be a major problem in the 

Czech Republic and other countries [12]. The Moravian-Silesian region is considered 

as both Czech and European hotspot of the P M and B a P [11, 12]. The particles are 
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Figure 3.1: Overall emissions of the S02, NOx, NH3, N M V O C and TSP in the Czech 

Republic, according to the European Monitoring and Evaluation Programme (EMEP) 

data [10] 

emitted from the industries, such as: steel and coke plants and also from a solid fuel 

(either coal or wood) house heating. It is estimated that about 20% of the households 

in Czech Republic are heated individually using solid fuels [20]. Different kinds of 

transport also contribute to the particulate matter pollution. It can be serious in 

the populated cities such as Prague, where a lot of roads cross the city center and 

residential neighbourhoods [1, 21, 22]. 

The ground-level ozone has been measured in Czech Republic since 1993, how­

ever it is considered as an air pollutant only recently. There was no decrease of 

0 3 2 in correspondence to the decrease of 0 3 precursors gases [1]. The correlation of 

the ozone levels wi th the meteorology and air pollution in a form of precursors was 

shown on five Czech rural sites, where 0 3 levels differed accordingly to the local 

2 Ozone 
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Figure 3.2: Overall emissions of the TSP, PM10 and PM2.5 in the Czech Republic, 

according to the E M E P data [10] 

air temperature, solar radiation, relative humidity and ambient N O x concentrations 

[23]. Spatial pattern of the ozone emissions correlates with the global solar radiation 

map across the Czech Republic [24]. The highest ozone levels are found in the north­

ern and southern parts of Czech Republic (3.3). In the northern part, the pollution 

correlates wi th the presence of N O x pollution, whereas in the southern part any 

other air pollution can not be concluded [1]. 

The air pollution and air quality topics developed over time since 1950s. The 

measuring systems are improved according to the actual possible pollution problems. 

The scale of ambient air pollution issues had increased to the regional-scale and its 

impacts on human health and environment are collated [1]. 
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Figure 3.3: Spatial distribution of the forest areas under the highest 03 exposures and 

N deposition [23] 



Chapter 4 

Data & Methods 

4.1 Data 

Data for this work is collected from the European Environmental Agency A P I 1 us­

ing a python code. These sources are easy to process using the python programming 

language and contain enough of the accessible data, however it is not directly col­

lected by the organizations. For the data on cities and measuring stations, additional 

tables containing names and spatial information in the database were created. Then 

it can be referenced in the other tables. 

For running the data collecting scripts in a particular time, the python schedule 

package had been used. Then everything is being run on the local server in a three 

separate parts with a daily period: 

- 23:30 the data for last 2 days is collected,processed and saved to the daily table 

- 00:00 the summarizing script is run to update the current pollution situation, which 

is displayed on the website 

- 00:00 the check for if today is first day of the month, if so, the monthly aggregating 

script is run for previous month 

Every run of the code is provided wi th the safety checks for duplicate values before 

1 Application Programming Interface 

11 



12 Chapter 4. Data & Methods 

doing any aggregations. 

4.1.1 GIS data 

One of the aims of this project is to cover the most area of the Czech Republic. 

Therefore it depends on the C H M I sensors coverage. To estimate the values for the 

whole country, following approach had been used. First , the polygon data had been 

collected from the Google Ear th Engine data set in resolution of the second level 

administrative areas [25]. The result is an area with the largest city in it. The data 

is saved in the 'regions' data table wi th the PostGIS extension to keep a geometry 

type data correctly (4.1). 

However, these areas yet can not be used to directly reference records from the 

E E A 2 data sets. Further step is to get location of the C H M I stations, which are 

present in the live data set. Each record in the downloaded data has an info on 

the station name and sampling point wi th the x and y coordinates. For storing this 

information, another table named 'stations' had been created. It stores the data of 

the station name, id, location and referencing to the region polygon containing the 

corresponding station (4.1). 

The intersection of the station location and region is checked wi th the python 

shapely package. Region polygons are extracted from the data table using GeoJ-

S O N format. Station sampling point coordinates are projected to the ESPG:4326 

coordinate system and then using the '.containsQ' method from a shapely package 

the matching area for each station is found. Then the each station info is saved in 

the data table and referenced with the region id (4.1). 

Such approach makes this data collecting algorithm works independently from 

the maintaining programming code. The error wi l l not be thrown, when the new 

stations are met, since this lets the script automatically update the database along 

with the C H M I adding more stations to the data set. 

2European Environmental Agency 
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Raw 
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FK city 
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date date 
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FK city 

geometry point 

Figure 4.1: Main database diagram 

4.1.2 Variables 

There is a very wide range of the pollutants information for the historical data. How­

ever, for the live data only general variables are available, which are: Carbon Monox-

ide(CO), Nitrogen Monoxide(NO), Nitrogen Dioxide(N02) , Ozone(03), Particulate 

Matter in size of 2.5 nm and 10 n m ( P M 2.5 and P M 10), Sulfur Dioxide(S02). This 

is a descriptive list of variables, analyzing which can give a clearer understanding on 

the sources of pollution in different areas. In the data table each variable is stored 

wi th a brief description on the sources and possible damage caused by the high 

concentrations of the pollutant. 
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4.1.3 Historical data 

For collecting historical data, the E E A downloading service had been used [26]. It 

provides the annual data sets for the combinations of city and variable. Since the 

project is aimed at a near live measurements, only variables, which are accessible 

with the live A P I had been used. 

Country i 
CZ Czech Republic * 

For all countries, see rote below. 

Cily 

Pollutant 

Year 

S02 

from 2013 

Year to 

Please, be aware that rot every pollutant Is reported by every country wny trie pollutant list depends on trie selected country. 

P 

Source 

2021 

AIL 

E2a (UTD) data are only available for years wnere E1a data nave rot yet been delivered tthis will normally be tne most recent year] 

Output 
type 

Update 
date 

TEXT 

Optional, lormat yyyy-mm-dd hh:mm:ss. To be used when only files created or updated arte- a certalr oíile Is af Interest. 

Time 
coverage Year 

is available lor requested years or last 7 days. 

Update request URL 

https ^//fme.disconap.eea .europa . eu/fme-datast reairiing/AirrjualityDownload 
/ůCDataExt ract. fniw7CoĽnt ryCode=CZ5CitytJame=Prahia&PoUutant=lEi¥£ar_f ron=20l3&Year_to=2ffilS&ta1:iiin-& 
Sairplingpoint=SiSource=AUSflutput=TEXTÍ!JpdateDate=&TiiieCoverage=Year 

Figure 4.2: E E A download service for air data 

Using the python code a data parser had been created. The parser sends request 

to a corresponding U R L 3 wi th the country, city name, pollutant name and measuring 

period as the U R L parameters. Callback response is a list of another U R L s for 

downloading the filtered data. Downloaded data had been stored in the folders 

named as 'City-name Variable-name Year-range'. 

Data table 'cities' had been created to store the available cities names for the 

historical data. Locations of the cities had been collected using an A P I tool, which 

find an approximate city coordinates by the city name. Then a reference to the 

3Uniform Resource Locator 
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regions table was made using the python shapely library wi th the .contains method. 

Further use for the historical data is to have some baseline values for the clas­

sifying live measurements as 'High ' , 'Normal ' or 'Low'. 20 and 60 percent quantiles 

are found for the historical average monthly values and compared wi th the live data. 

After the python parser finished downloading, another algorithm is made to 

slice and put the required data to the database for further use in the analysis. In the 

database the data is aggregated to the tables by pollutant, they store timestamp, 

concentration value and location reference. 

4.1.4 Live data 

For collecting live data, another E E A service had been used. Using the python 

code, request is made every day at 23:30, collecting the pollution data for the all 

available pollutant - city pairs for the last two days. The data itself is taken from 

the C H M I database, that measures an air pollutant concentration with the sensors 

in the corresponding cities. Firstly, the python script downloads the data sets in 

a csv 4 format and saves them locally. However, to save the storage space on the 

server, every new download replaces previously downloaded file. Then only valid 

and verified records are taken to the general data table 'raw'. In 'raw' each record 

is referenced by the variable id and region id in which the station is located. 

In the next step the daily script is running. First all the duplicates, if exist, are 

removed, to prevent the incorrect values after aggregation. The script takes average 

daily value from the 'raw' table by combination of the city, variable, date. The 

corresponding row is inserted to the daily table. 

After the daily values had been collected, script for the monthly data checks 

completeness of the daily data for the last month. If there are values wi th a date 

earlier than the first day of the month, and there are values with a date later than 

the last day of the month, in such case the monthly data is taken as completed. In a 

4 Comma Separated Values 
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further processing, the average mean monthly value is found as well as the monthly: 

minimum, maximum, standard deviation, particles per mil l ion (ppm), particles per 

bill ion (ppb). The values are stored in the 'monthly' table along wi th the year, 

month, city and variable information. 

Such structure approach of the script works so, that the longer script is running, 

the more precise classification of the monthly values is made, since it is based on 

the historical data. If a new sensor is placed in a city, which had not been measured 

yet, in an annual time scale it wi l l be classified next year. 

4.1.5 Methods 

The thesis methodology follows the following structure: 

• 1. Create an algorithm for accessing and collecting data from A P I s 

• a. Store data on PostgreSQL server. Tables design 

• b. Decide on which variables are necessary 

• c Provide some statistics for received data. 

• 2. Theoretical part, where should be decided on additional data, which can 

provide new variables and connections between them. 

• 3. Provide algorithms for accessing additional data and create dependencies 

from the air quality datasets 

• 4. Historical data analysis 

• a. Anthropogenic/natural activity pollution 

• b. Most probable consequences from the air pollution according to the area 

• 5. Data visualization 

• 6. Create web application design 
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• a. Create backend (server) part 

• b. Create frontend (client) part 

• c. Combine wi th actual data sets and algorithms 

• 7. F ina l tests and deployment on server 

4.1.6 Web application 

The web application had been created using the python Django framework. The 

structure goal was to have a user-friendly web site without unnecessary content (4.3 

and 4.4). There is a single button which leads to the list of the available cities. For 

each city there is a list of the available pollutants along wi th summary and short 

description of the sources and negative effects from the high pollutant concentration 

(4.5). 

Brea th ln 

hesis project on a topic of air pollution ir 
uTfit^n rslsTfid to air quality arr. a r .13 '. 

r "\ 
( Choose your c i t y ] 

Figure 4.3: Web site title page 

4.1.7 Django framework 

Django is a python framework for creating a web application. It's been selected due 

to the high feature variety for further development and personal familiarity wi th 

this framework. Web application consists of a single page and interconnected wi th 
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P r a h a 

N02 ľuTSľ"* * *'" ' ' ' 1 1 1 1" " 
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Figure 4.5: Web site city summary page 

the regions and summary data tables to provide the information by location. Styling 

was made using the C S S 5 language and B E M 6 methodology. 

4.1.8 Python scripts 

Using the python programming language the data processing had been made. Gen­

eral packages used in processing are pandas- for the data manipulation, psycopg2-

for the PostgreSQL database interconnection, shapely and geojson- for the G I S 7 

data manipulation. Basic structure of the processing algorithm consists of a two 

5Cascade Style Sheets 
6Block Element Modifier 
7Geographic Infromation System 
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files for each k ind of operation: class object file and run file using corresponding 

object. Example workflow for a near-live time raw data collecting: 

• main.py - contains E E A object with necessary methods for data collection (B) 

• run.py - contains a function for running methods from main object and imple­

menting them (C) 

• db.py - class object wi th methods on database manipulation, used every time 

information from the database is requested or recorded there (A) 

Overall code structure for the project is following: 

Historical data 

historical.py -> run historical.py - collecting historical E E A data 

historical/main.py -> historical/run.py - analysing collected historical data 

Live data 

main.py -> run.py - collecting near-live data from E E A A P I 

da i lypy -> run da i lypy - processing collected data on a daily time scale 

monthlypy -> run month lypy - aggregating daily data to monthly scale 

core/main.py -> core/run.py - processing daily data to provide a summary for the 

web site 

4.1.9 Data summary 

The summary for each pair pollutant-city is provided in three aspects: 

• Dai ly value classification is interpreted as Low, Normal or High. Dai ly concen­

tration is classified by comparing the current value wi th the historical values 

for the same month. 20 percent quantile is used for classifying Low concen­

tration, 60 percent quantile is used for the High values classification. Such 

quantiles had been selected in a regard to the actual resulting values, since 
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>80% quantile is not expected to be exceeded and 20-60% range corresponds 

more to the common values range. 

• Last 30 days concentration trend is calculated using the linear model fitting. 

Based on the resulted coefficients trend is classified as the Stable, Increase/De­

crease or Intense increase/decrease. 

• Number of days in month exceeding limit or guideline value are taken for 

the daily concentrations from the E E A and W H O 8 recommendations. If l imit 

value is not stated, the guideline value was taken. Then the daily concentration 

is compared wi th the limit value and if exceeded, a counter increased by 1. 

During the calendar month total of the exceeding can be observed. 

World Health Organization 
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Analysis 

It is always said that the air pollution is a visible pollution wi th bare eye. However, 

currently there is an ecological trend in Europe on controlling air pollutant emissions. 

The purpose of the work is to provide a tool, which could briefly summarize current 

monthly values on pollutants concentrations and show correlation of this values to 

the historical ones. 

For a live data the summary script had been created to provide an estimated 

result on the concentration class, monthly concentration trend and how many days 

the values exceeded a daily European limits on the pollutants concentration. F ina l 

result must be understandable for anyone without background knowledge about air 

pollution. This might raise people awareness on a possible air quality problematic in 

their local area, which is the next step in creating a stable and clean environment. 

Historical data analysis in this work is performed by aggregating pollutant his­

torical concentrations data on an annual and monthly time scale. For each pollutant 

compound five most polluted cities by average for period 2013-2021 and by maxi­

mum annual values have been selected using written python script. Bar plots used 

for visualizing average annual pollution levels and line plots are used for monthly 

average levels. Combining these results with the common facts about regions are ex­

pected to give a better understanding of a pollution situation in the corresponding 

region. It is known that the regions of Czech Republic such as Moravia-Silesia are 

21 
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more polluted due to the high concentration of industrial production there and the 

coal mining. It is expected to find a more descriptive correlations for cities in this 

region. Most of the researches on air quality aspects are focused on the Ostrava city. 

According to them concentration there changes seasonally for corresponding gases 

[27]. 

Further literature review had been made on each pollutant, to have a facile 

understanding on a possible damage caused by the high concentrations. For the 

end user of the web site, results on this review are provided in a form of short 

descriptions. 

5.1 C O 

5.1.1 Sources and dangers 

Carbon monoxide(CO) is a common pollutant for inhibited areas. It's present in 

both outdoor and indoor air pollution. C O 1 is produced from the methane and 

non-methane hydrocarbon oxidation, fuel combustion and vegetation burning [28]. 

Sources of C O are vehicles that burn fossil fuels in the outdoor and gas stoves or 

heaters indoor, and a tobacco smoke present in both. The C O atmospheric lifetime 

ranges from a few week to a few month, related to the season and location [28]. 

High C O concentration is common for urban and industrial areas. Its values 

can be higher in winter season due to the intense house heating. The possible major 

source of C O in summer is the forest fires, due to a more active photochemistry, as 

the solar radiation results in a high O N levels [28]. 

C O has a great impact on a human health, since it can cross the placenta 

to gain access to the fetal circulation and the developing brain [29]. Since C O is 

colorless, odorless and non-irritating its toxicity often could be underappreciated 

and misdiagnosed [29]. 

1 Carbon monoxide 
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5.1.2 Historical data 

Historical data analysis of C O showed that the highest concentrations for the ob­

serving time 2013-2021 (5.1) of this gas are in Ostrava city (5.1). C i ty and region 

around it are familiar for the coal mining and high industrial level, which polluting 

an ambient air wi th the C O and other pollutants intensively. 

Ostra va-mesto-CO Brno-mesto-CO 

2013 2 014 2015 2 016 2017 2 018 2019 2 020 2021 2013 2014 2015 2 016 2017 2 018 2019 2 020 2021 

Usti nad Labem-CO 

2013 2 014 2015 2 016 2017 2 018 2019 2020 2021 2013 2014 2015 2016 2017 2018 2019 2 020 2021 

f 20 

I 15 

2 013 2014 2 015 2016 2 017 2018 2 01S 2020 2 021 

Figure 5.1: C O annual average for period 2013-2021 

Rest of the cities in the table (5.2) having a relatively high population except 

Kladno, which is located close to the capital city- Prague. High population results in 

a higher traffic pollution and a pollution from heating or cooking. C O concentration 
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1 Ostrava-mesto 576.00 ug/m3 

2 Brno-mesto 475.92 ug/m3 

3 Praha 449.54 ug/m3 

4 Ust i nad Labem 444.39 ug/m3 

5 Kladno 387.79 ug/m3 

Table 5.1: C O - average for the period 2013-2021 

in these regions is normal, however in order to reduce a negative impact of a C O 

pollution, more controlling measures on the transport emissions and indoor pollution 

might be taken. The positive decreasing annual trend is seen on the bar chart (5.1) 

for all cities from the list. 

Three out of five positions for maximum annual values of C O are for the Ostrava 

other two are for the Brno (5.2). Monthly analysis of the corresponding years shows 

high C O concentration at the beginning of the year, however the monthly mean 

concentrations have either a stable or decreasing trend (5.2). In years 2013-2014 

average monthly values barely exceeded a concentration edge of 1000 ug/m3. In 

year 2017 C O concentration was lower than in 2013, but st i l l got close to the values 

of 1000 ug/m3, which is relatively high value for the average monthly concentration 

(5.2). 

1 Ostrava-mesto 2013 1088.26 ug/m3 

2 Brno-mesto 2013 933.75 ug/m3 

3 Ostrava-mesto 2017 924.15 ug/m3 

4 Ostrava-mesto 2014 871.82 ug/m3 

5 Brno-mesto 2017 829.71 ug/m3 

Table 5.2: C O - maximum annual values 



C O 

Ostrava - CO - 2013 

Ost rava - CO - 2017 

Brno - CO - 2013 

Ostrava - CO - 2014 

Figure 5.2: CO monthly average 
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5.1.3 Live data 

From the resulting values on the final web site, the C O high pollution presence can 

not be concluded in any of the cities. This is both due to the complexity of observing 

C O on a short time scale and to the good control of the C O pollution across Czech 

Republic (5.3). 

Carbon monoxide(CO) is present in both indoor and outdoor air pollution. 
Concentration: Normal. 

Monthly trend: Stable 
Sources: Sources of CO are fossiL fuels burning, cooking, tobacco smoke. vehicLes emissions, forest fires, 

CO Monthly trend: Stable 
Sources: Sources of CO are fossiL fuels burning, cooking, tobacco smoke. vehicLes emissions, forest fires, 

CO Monthly value: O.54O.. Dangers: CO is a harmful pollutant, which can cross placenta and damage fetal circulation and the Monthly value: O.54O.. 
developing brain. However its toxicity might be unnoticed, since CO is a colorLess non-irritating compound. 

Current monthly coverage: March 1, 2022 - March 14. 2022 
Days above limitC 4.0 ): 0 

developing brain. However its toxicity might be unnoticed, since CO is a colorLess non-irritating compound. 

Current monthly coverage: March 1, 2022 - March 14. 2022 

Figure 5.3: Live data summary from the website on the C O for Ostrava in March 2022 
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5.2 N O x and N 0 2 

5.2.1 Sources and dangers 

Nitrogen dioxide(N02) is a pollutant formed during the combustion of a fossil fuel 

through the oxidation of atmospheric nitrogen and of nitrogen form fuels such as 

coal and oil [30]. Due to its short lifetime in the atmosphere N 0 2 2 is one of the 

easiest to measure pollutants. The high concentration of N 0 2 is common for areas 

wi th a high road traffic. 

N 0 2 and the produced nitrogen dioxide ion(N02-) could cause many negative 

effects on the human organism, such as oxidative stress, injury of the cell membrane 

and result in various injuries, carcinogenesis and aging [31]. 

5.2.2 Historical data 

N 0 2 historical data correlates wi th the population density in Czech Republic. Cities 

from the summary list are in the 10 most populated cities in Czech republic except 

Most. Such values are expected for the cities with a high road traffic (5.3). N 0 2 

annual trend for the cities from the list is similarly decreasing (5.4). For the all 

observed cities for a period of 2013-2021, the annual concentration of N 0 2 exceeded 

average annual value of 40 ug/m3 only 4 times (5.3). There was a noticeable decrease 

in years 2020-2021 connected wi th the C O V I D - 1 9 pandemic lockdown (5.4). 

However, improvement of a public transport and controlling vehicles emissions 

would greatly contribute to the overall air pollution in Czech republic. N 0 2 is yet 

most noticeable and under-controlled pollution in the country. This is an important 

pollutant to control, since the possible health negative consequences are serious. A c ­

cording to the recent local news, around 13 electric public buses have been launched 

in the Prague city. This is a great and important step in reducing vehicles pollution. 

Such approach might decrease both N 0 2 and C O emissions. 

2 Nitrogen dioxide 
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Figure 5.4: N 0 2 annual average for the period 2013-2021 
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According to the analysis of the maximum annual values, Prague capital city is 

struggling most from the N 0 2 pollution (5.4). It is the most populated city in Czech 

Republic, which leads to the high traffic in a city. Month ly trend for the cities from 

the table is mainly stable and not decreasing, however due to the weather conditions, 

values of N 0 2 are lower in Spring-Summer seasons and higher in Autumn-Winter 

(5.5). 

1 Praha 28.53 ug/m3 

2 Brno-mesto 26.91 ug/m3 

3 Ostrava-mesto 23.66 ug/m3 

4 Ust i nad Labem 22.47 ug/m3 

5 Olomouc 21.35 ug/m3 

Table 5.3: N 0 2 - average all observing time 

1 Praha 2014 42.98 ug/m3 

2 Olomouc 2017 42.37 ug/m3 

3 Praha 2017 42.10 ug/m3 

4 Brno-mesto 2017 41.43 ug/m3 

5 Ust i nad Labem 2017 38.82 ug/m3 

Table 5.4: N 0 2 - maximum annual values 
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P r a h a - N02 - 2014 O lomouc - N 0 2 - 2017 

Praha - M02 - 2017 Brno - N02 - 2017 

Usti nad Labem - N02 - 2017 

Figure 5.5: N 0 2 monthly average 
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5.2.3 Live data 

N 0 2 levels are easily observed and estimated in a near live time. O n the web site it 

is seen, that the N 0 2 values more frequently exceed the W H O guideline values than 

other pollutants. Since the largest source of N 0 2 is vehicles, exceeding concentrations 

are expected for a larger cities with high road traffic (5.6). 

Nitrogen dioxide!NOz) is formed during fossil fuel combustion through the oxidation of atmospheric 
nitrogen and nitrogen from fueLs. 

Sources: NO2 high concentrations are common for places with high road traffic and emmited during fuel 
combustion. It is formed in high temperature conditions. Also NOx are ones of smog formers. 

Dangers: NO2 can cause various negative effects on human health, such as oxidative stress, cell 
membrane injury, which can lead to carcinogenesis and aging. 

Current monthly coverage: March 1, 2022 - March 14, 2022 

Concentration: Normal. 

Monthly trend: Decrease 

Monthly value: 34.46.,. 

Days above limitC 25.0): 8 

Figure 5.6: Live data summary from the website on the N 0 2 for Prague in March 2022 
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5.3 S02 

5.3.1 Sources and dangers 

Sources of the S 0 2 3 are: burning fossil fuels containing sulfur, industries and power 

plants, production extracting metals from ore. Natural sources of the S 0 2 such 

as volcanoes are not common for the Czech Republic, only a side pollution from 

other European countries is possible. S 0 2 and its oxides (SOx) can harm human 

and vegetation health in both low and high concentrations. People wi th a respiratory 

deceases and children are more sensitive to the S 0 2 pollution. SOx in the atmosphere 

contribute to a particulate matter concentration increasing that pollution as well. 

5.3.2 Historical data 

Processing S 0 2 data resulted in the following table (5.5). S 0 2 pollution is common 

for the industrial areas especially wi th metal production. Ostrava and Karv ina are 

cities form an industrial zone near the borders of the Czech Republic and Poland. 

These cities commonly emitting a lot of S 0 2 into the air which might affect people's 

physical and mental health, since S 0 2 is one of the heaviest air pollutants. 

The industrial area is continued on the Poland side, from where also high pol­

lutant concentrations may occur. The pollution might get worse, due to the relief 

elevation on the South-West of Ostrava. It might stop the gas from being blown 

away by wind and S 0 2 wi l l affect the area inside for a longer time. 

Average annual values for the Karv ina city has a decreasing trend (5.7), however 

they are relatively high, the mean value is close to 10 ug/m3 (5.5). Ust i nad Labem 

and Kladno cities have a stable non-decreasing S 0 2 annual trend, which can be 

a signal to create a better S 0 2 pollution control there. There is a peak of S02 

level in the Ostrava city in year 2018 and stabilising after it wi th around twice lower 

concentrations (5.7). Plzen, Kladno and Ust i nad Labem cities had their S 0 2 annual 

3 Sulfur dioxide 



Karv ina-S02 Usti nad Labem-S02 

Figure 5.7: S02 annual average for the period 2013-2021 
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1 Karv iná 9.83 ug/m3 

2 Ust i nad Labem 8.09 ug/m3 

3 Ostrava-mesto 6.85 ug/m3 

4 Kladno 6.73 ug/m3 

5 Plzen-mesto 5.44 ug/m3 

Table 5.5: S02 - average all observing time 

1 Karv iná 2017 28.12 ug/m3 

2 Karv iná 2013 27.23 ug/m3 

3 Ust i nad Labem 2017 20.62 ug/m3 

4 Karv iná 2014 19.99 ug/m3 

5 Ostrava-mesto 2018 18.65 ug/m3 

Table 5.6: S02 - maximum annual values 

level peak in year 2017 (5.7). 

Highest maximum annual values for the five pairs city-year resulted in the 

following table (5.6). Ka rv ina appears in a table three times wi th the highest values 

in years 2017, 2013 and 2014 (5.8). From the monthly average S 0 2 levels plot it is 

seen, that the highest values are common for the cold months, mostly in January 

and February (5.8). This is a very important indicator on an ambient air pollution, 

since the S 0 2 in Czech Republic has mostly anthropogenic origin, then it can be 

limited and controlled to prevent serious negative consequences. 
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Usti nad Labem - 502 - 2017 Karviná - S 0 2 - 2014 
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Figure 5.8: S02 monthly average 
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5.3.3 Live data 

S 0 2 is well controlled in the Czech Republic and its pollution is hardly observed in a 

short time scale. However, it stil l must be monitored in the industrial areas to raise 

awareness of people leaving nearby in case of a sudden increase due to accidents or 

weather conditions (5.9). 

Sulfur dioxide(S02) is a dangerous pollutant, which is common for industrial areas. 

Sources: S02 is emmited during fossil fuels burning containing sulfur, industries and power plants, during 
metals from ores extraction. 

Dangers: SO2 is harmful gas both for human health and environment. It can be dangerous in both Low and 
high concentrations. PeopLe with respiratory deceases and children are most sensetive to SO2 pollution. 

Current monthly coverage: March 1. 2022 - March 14, 2022 

Monthly trend: Stable 

S02 Monthly value: 9.693.-

Days above Li mitt 125.0 ): 0 

Figure 5.9: Live data summary from the website on the S02 for Karvina in March 2022 
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5.4 0 3 

5.4.1 Sources and dangers 

Ozone is a gas formed from the 3 oxygen atoms. It's effect might be both posi­

tive and negative. Stratospheric 0 3 , which is far above ground, forms a protective 

layer, preventing harmful effects from the sun U V radiation. This layer has different 

thickness depending on the location and sometimes it is reduced due to the anthro­

pogenic impact. Very intense reduction of the Ozone layer thickness is called Ozone 

hole. However, intrusion of the stratospheric ozone has an impact on the ambient 

0 3 , especially during spring [32]. Ground level 0 3 is quite harmful and dangerous 

for the environment. It is formed during chemical reactions of the nitrogen oxides 

and volatile organic compounds in the sunlight conditions. Higher emissions of the 

other known air pollutants could lead to the high 0 3 pollution, especially during the 

sunny weather conditions. That makes it hard to control an ambient 0 3 pollution 

levels. 0 3 is one of the main components of the smog. Its direct negative impact on 

a human health is yet not proven well, however it leads to the respiratory deceases 

and breathing issues in a form of smog. Children and people spending more time 

outdoor in conditions of the high 0 3 concentrations are affected the most [32]. 

5.4.2 Historical data 

Analysis of 0 3 historical data brought the following results (5.7). For the average 

values in years 2013-2021, Hradec Kralove city resulted in the highest average con­

centration of 58.12 ug/m3 (5.7). Possible 0 3 pollution problematic can be present 

in cities from the table, since the same cities have both the highest average annual 

values for observing time (5.7) and the highest maximum annual values (5.8). Com­

mon thing for these cities is a northern geographic location and relief elevations near 

them. Probable accumulation of the different air pollutants due to the winds can 

lead to the higher 0 3 values in an ambient air. 
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Figure 5.10: 03 annual average for the period 2013-2021 
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1 Hradec Králové 58.12 ug/m3 

2 Kladno 55.22 ug/m3 

3 Liberec 54.50 ug/m3 

4 Ust i nad Labem 54.02 ug/m3 

5 Jihlava 53.61 ug/m3 

Table 5.7: 0 3 - average all observing time 

1 Ust i nad Labem 2019 100.70 ug/m3 

2 Kladno 2018 95.12 ug/m3 

3 Liberec 2019 92.37 ug/m3 

4 Ust i nad Labem 2018 92.27 ug/m3 

5 Hradec Králové 2015 92.18 ug/m3 

Table 5.8: 03 - maximum annual values 

From the bar chart is seen that for all five cities from the list the annual trend 

is increasing (5.10). However, resulted values are not close to the harmful concentra­

tions and expected to be reduced along wi th reducing other air pollutants presence. 

Analysis of the maximum annual 0 3 values by year and city resulted in the 

following table (5.8). The cities are the same as in the previous table. It is seen 

that the peak of 0 3 is happening continuously and reaches the maximum in Spring-

Summer season, when there is more sunlight and the sunny day lasts longer (5.11). 
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Figure 5.11: 03 monthly average 
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5.4.3 Live data 

0 3 levels in a near live time data does not exceed its limits. But must be monitored, 

since it may be an indicator of the increasing S 0 2 and N 0 2 emission, which might 

not be measured in a corresponding area (5.12). 

Ozone{03) can be of two kinds: stratospheric and ground leve l Ground level ozone can negatively 
affect ambient air in various ways. 

Monthly trend: Intense increase Sources: Ground Level O3 is formed during chemical reactions of nitrogen oxides(NOx) and organic 

0 3 MonthLy value: 67.08... compounds in sunny weather conditions. 0 3 
Days above LimiU 120.0 ): 0 Dangers: O3 is one of the main smog components. In a form of smog it can cause breathing issues and Days above LimiU 120.0 ): 0 

even lead to respiratory deceases. ChiLdren are more affected to the negative impact of O3. 

Current monthly coverage: March 1, 2022 - March 14, 2022 

Figure 5.12: Live data summary from the website on the 03 for Hradec Kralove in March 

2022 
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5.5 P M 2.5 and P M 10 

5.5.1 Sources and dangers 

Particulate matter 2.5 are fine inhalable particles wi th diameter of a 2.5 micrometers 

and smaller, P M 10 are particles wi th diameter of a 10 micrometers and smaller. 

P M ' s are of different shapes and made up of different chemicals. There are various 

anthropegenic sources of the P M 2.5 and P M 10 such as: construction sites, ve­

hicles, fires, power plants and industries(e.g. coal mining). Most of them forms in 

the atmosphere as a result of the other pollutant chemicals reaction such as S02 

or N O x . Such small particles are easily inhalable and can get deep into lungs and 

even bloodstream. It can cause the great health risks and even death in case of the 

extremely high long term concentrations. 

5.5.2 Historical data 

It is expected to find the highest P M 2.5 (as well as P M 10) values for the most 

industrialized areas - Ostrava city and the neighbour regions. Averaging annual 

values proves such assumption (5.9 and 5.10), Karv ina , Ostrava, Olomouc and Zl in 

are located in the same Eastern part of the Czech Republic. However, there is a Most 

city in the table, which is located in the North-West part of the Czech Republic and 

absolutely not impacted by the Ostrava industrial zone. Most is an another industrial 

city, which has the biggest brown coal mining and largest transportation node of that 

coal in the county, and also chemical production and electrometallurgy. Attention 

must be paid to the reducing particulate matter pollution levels in the industrial 

zones, since it strongly affects people l iving nearby. 

Average annual values of P M 2.5 for the Most city show, that since year 2014 

values decreased and after a leap of concentration in 2018 continued to decrease 

(5.13). Same decrease in an annual scale keeps for the Ostrava wi th a decrease after 

year 2018 (5.13). P M 10 concentrations correlate wi th the P M 2.5 values, averaging 
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1 Karv iná 25.03 ug/m3 

2 Ostrava-mesto 24.27 ug/m3 

3 Olomouc 21.43 ug/m3 

4 Most 18.56 ug/m3 

5 Zl in 18.55 ug/m3 

Table 5.9: P M 2.5 - average all observing time 

1 Karv iná 34.95 ug/m3 

2 Ostrava-mesto 31.54 ug/m3 

3 Olomouc 28.35 ug/m3 

4 Most 26.93 ug/m3 

5 Kladno 24.99 ug/m3 

Table 5.10: P M 10 - average all observing time 

values for the observing time 2013-2021, shows that almost each city with the high 

average P M 2.5 concentration also has proportionally high P M 10 concentration 

(5.14). Unexpectedly Kladno city appeared in the list of the high average P M 10 

levels for observing time on a 5th position. In 21th century there were not any 

heavy industrial productions or coal mining. Such high concentration in a city closely 

located to the Prague require a further researching to find a cause of that pollution. 

According to the analysis of the maximum annual values for corresponding 

years: Karv ina , Ostrava and Olomouc are the most problematic places in Czech 

Republic in case of the P M air pollution (5.11 and 5.12). High P M 2 . 5 and P M 1 0 

values appear in these cities in an Autumn-Winter seasons and decreasing in a 

Spring-Summer (5.15 and 5.16). The monthly trend for the most polluted pairs city-

year is mainly stable. However the annual trend is decreasing, which is a positive 

sign on reducing the P M ambient air pollution. 
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Figure 5.13: P M 2.5 annual average for the period 2013-2021 
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Figure 5.14: P M 10 annual average for the period 2013-2021 
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Figure 5.15: P M 2.5 monthly average 
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Karviná - PM10 - 2017 Karviná - PM10 - 2013 

Karviná - PMIO - 2018 O s t r a v a - P M 1 0 - 2 0 1 3 

O lomouc - PMIO - 2017 

Figuře 5.16: P M 10 monthly average 
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1 Karv iná 2017 72.25 ug/m3 

2 Karv iná 2018 69.30 ug/m3 

3 Olomouc 2017 61.71 ug/m3 

4 Ostrava-mesto 2013 61.57 ug/m3 

5 Ostrava-mesto 2017 60.93 ug/m3 

Table 5.11: P M 2.5 - maximum annual values 

1 Karv iná 2017 88.21 ug/m3 

2 Karv iná 2013 81.18 ug/m3 

3 Karv iná 2018 78.05 ug/m3 

4 Ostrava-mesto 2013 73.54 ug/m3 

5 Olomouc 2017 71.69 ug/m3 

Table 5.12: P M 10 - maximum annual values 
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5.5.3 Live data 

P M 2.5 and P M 10 values in a near live time are very descriptive. It is seen that 

there is stil l some problematic areas even in a short time scale (5.17). Except cities 

from the table (5.9 and 5.10), the daily P M 2 . 5 and P M 1 0 limits are exceeded for 

the other cities as well. 

Particulate matter 2.5 (PM 2.5) are fine inhalable particles with diameter of 2.5 micrometers and 
smaller. 

PM2.5 
Monthly trend: Decrease 

MonthLy value: 39.51... 

Sources: PM 2.5 has a wide variety of anthropogenic sources, such as constriction sites. vehicLes. fires, 
power plants and industrieste.g. coal mining). It is formed during chemical reactions of other 
polLutantsfSOx. NOx) in atmosphere. 

Days above Limitt 15.0 ): 14 Dangers: Such smaLL particles are easily inhaLable and can get deep into lungs and even bLoodstream. It 
can cause great heaLth risks and even death in case of extremely high long term concentrations. 

Current monthly coverage: March 1, 2022 - March 14, 2022 

Particulate matter 10 (PM 10) are fine inhalable particles with diameter of 10 micrometers and smaLler. 

PMlO 
MonthLy trend: Decrease 

MonthLy value: 48.73... 

Days above Limitt 50.0): 6 

Sources: PM 10 has similar anthropogenic sources, as PM 2.5, which are constriction sites, vehicles, fires, 
power plants and industrieste.g. coal mining). It is as weLl formed during chemicaL reactions of other 
polLutantsfSOx, NOx) in atmosphere. 

Dangers: Such smaLL particles are easily inhaLable and can get deep into Lungs and even bLoodstream. It 
can cause great heaLth risks and even death in case of extremely high long term concentrations. 

Current monthly coverage: March l, 2022 - March 14, 2022 

Figure 5.17: Live data summary from the website on the PM2.5 and P M l O for Karvina 

in March 2022 
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Discussion 

Based on the research there are more problematic regions except Moravia-Silesia. 

However the trend of the pollution in such regions is mostly decreasing and not 

exceeding dangerous values. Steps for the preventing high pollutant concentrations 

in an ambient air might be different. The approach of this work is to raise the 

awareness on this life aspect and make people more familiar wi th the air condition 

in their administrative region. 

The air pollution comes from a lot of different sources, both natural and an­

thropogenic. In addition, some of the pollutants are interconnected (e.g. S 0 2 and 

N 0 2 wi th 03) , which means that reducing concentration of one pollutant, the de­

pendants compound concentrations wi l l be decreased as well. M y assumption is that 

the air pollution should be limited in a relation to any source and since the source is 

mostly anthropogenic, bringing the live region pollution problematic to the masses 

might have an effect on people paying more attention to the emission control. 

The industrial production is a very important part of the country development. 

Emissions from the industrial zones had been reduced in the last decades in most 

parts of Europe. Nowadays these emissions are still decreasing, however it is def­

initely hard and long term task to reach the non-harmful level emissions in the 

industrial areas. At t ract ing local citizens attention to the air pollution topic might 

help reducing the emission levels wi th an individual impact, such as reducing vehicles 
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usage, control of fossil fuel burning, smoking. 

Further monitoring tools for the other pollution types might be developed. Then 

such tools might become as common as a weather forecasts, making people more 

aware and involved in the pollution topics. That way it can be easier to come up 

with the pollution control measures and agree on them. 



Chapter 7 

Conclusion 

The task on creating an application for a near live time air pollution monitoring is 

completed. The data source had been selected according to its validity and spatial 

coverage of the Czech Republic. C H M I was the choice for the data sets, since it can 

provide valid and verified data wi th a great spatial coverage of the Czech Republic 

and most importantly in a near live time wi th an easy A P I access through the E E A 

service. For the pollutant analysis and possible problematic detection, historical 

data, measured by the C H M I and collected through the E E A service, had been pro­

cessed and saved to the database. Resulting database and code organisation make 

the application mainly autonomic. Analysis of the historical data has been made 

on each pollutant for the five most polluted cities. Results on the N 0 2 , P M 2 . 5 and 

P M 1 0 were most representative of an air pollution problems in Czech Republic. B i g 

cities from the Moravia-Silesia region such as Ostrava, Karv ina , Olomouc appeared 

more frequently in the list of the five most polluted cities in a variety of pollutants. 

The most populated places as Prague, Brno, Us t i nad Labem and also Ostrava re­

sulted in a higher historical pollution levels from the C O and N 0 2 pollutants. There 

was not observed any presence of a strong S 0 2 and 0 3 pollution from the histori­

cal data. However, the ozone appeared to be the only pollutant with an increasing 

annual trend. Further live data collection and processing had been made. The web 

application was made using the Django framework for the python programming lan-
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guage. The processed summarized data is saved to the database and then displayed 

on the web site. In a near live time the N 0 2 , P M 2 . 5 and P M 1 0 pollution can be 

well observed in a variety of cities. 
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Appendices 

A Database usage 

i m p o r t p s y c o p g 2 

f rom d o t e n v i m p o r t d o t e n v v a l u e s 

env = d o t e n v v a l u e s ( ) 

# D a t a b a s e o b j e c t 

c l a s s L o c a l D B : 

d e f ini t ( s e l f ) : 

# P a r a m e t e r s f o r P o s t g r e S Q L d a t a b a s e c o n n e c t i o n 

s e l f . pa rams = { 

' d a t a b a s e ' : env [ ' D A T A B A S E ' ] , 

' h o s t ' : env [ ' H O S T ' ] , 

' u s e r ' : env [ ' U S E R ' ] , 

' p a s s w o r d ' : env [ 'PASSWORD' ] , 

' p o r t ' : env [ ' P O R T ' ] 

# M e t h o d f o r e x e c u t i n g a q u e r y 

61 
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w i t h o u t f e t c h i n g d a t a ( e . g . I N S E R T , UPDATE) 

de f e x e c u t e ( s e l f , q u e r y , d a t a _ t u p l e = ( ) ) : 

# C o n n e c t to d a t a b a s e 

conn = p s y c o p g 2 . c o n n e c t (** se If . p a r a m s ) 

i f c o n n : 

# On s u c c e s s c r e a t e c u r s o r f o r q u e r y 

c u r = c o n n . c u r s o r ( ) 

# E x e c u t e q u e r y w i t h p a s s e d v a l u e s 

i f l e n ( d a t a t u p l e ) > 0: 

c u r . e x e c u t e ( que ry , d a t a t u p l e ) 

e l s e : 

c u r . e x e c u t e ( q u e r y ) 

# C l o s e c u r s o r and commi t 

c u r . c l o s e () 

conn . commi t () 

# M e t h o d f o r f e t c h i n g d a t a v i a q u e r y 

de f f et c h a l l ( s e l f , q u e r y ) : 

# C o n n e c t to d a t a b a s e 

conn = p s y c o p g 2 . c o n n e c t (** se If . p a r a m s ) 

i f c o n n : 

# On s u c c e s s c r e a t e c u r s o r 

c u r = c o n n . c u r s o r ( ) 

# E x e c u t e q u e r y w h i c h must r e t u r n d a t a t a b l e 

c u r . e x e c u t e ( q u e r y ) 

# Save r e s u l t to a v a r i a b l e 

res = c u r . f e t c h a l l () 

# C l o s e c u r s o r and r e t u r n r e s u l t e d d a t a 
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c u r . c l o s e ( ) 

r e t u r n res 

# M e t h o d f o r r e m o v i n g d u p l i c a t e d rows f rom raw t a b l e 

d e f r e m o v e d u p l i c a t e s ( s e l f , s o u r c e ) : 

conn = p s y c o p g 2 . c o n n e c t (** s e l f . p a r a m s ) 

i f c o n n : 

c u r = c o n n . c u r s o r ( ) 

c u r . e x e c u t e ( f ' D E L E T E F R O M p u b l i c . " r a w _ { s o u r c e } " 

U S I N G ( S E L E C T i d , r o w _ n u m b e r ( ) ' 

f ' O V E R ( P A R T I T I O N B Y da te , v a l u e , c i t y , v a r i a b l e 

ORDER B Y i d ) A S r n F R O M p u b l i c ." r a w _ { s o u r c e }") x 

f ' W H E R E p u b l i c ." r a w _ { s o u r c e }". i d = x . i d 

A N D x . r n > 1; ') 

c u r . c l o s e ( ) 

p r i n t ( ' D u p l i c a t e s have been r e m o v e d . ' ) 

B M a i n class object 

# M a i n E E A o b j e c t f o r c o l l e c t i n g A P I l i v e d a t a 

c l a s s E E A : 

d e f ini t ( s e l f ) : 

# N e a r — l i v e d a t a A P I u r l 

s e l f . u r l = " h t t p : / / d i s c o m a p . e e a . e u r o p a . e u / m a p / f m e / l a t e s t 

# I n i t i a l i z e d a t a b a s e o b j e c t 

s e l f . d b = L o c a l D B Q 

http://discomap.eea.europa.eu/map/fme/latest
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# M e t h o d s a v i n g d a t a f rom A P I i n l o c a l s t o r a g e ( t e m p o r a r i l y ) 

de f get d a t a ( s e l f , v a r i a b l e ) : 

# F i l e n a m e c r e a t e d f rom c u r r e n t p r o c e s s i n g v a r i a b l e ( e . g . C Z C O . c s v ) 

f i l e N a m e = f " . . / d a t a / e e a l i v e / C Z { v a r i a b l e }. c sv " 

d o w n l o a d F i l e = f ' { se 1 f . u r l } / C Z _ { v a r i a b l e }. csv ' 

p r i n t ( f ' D o w n l o a d i n g : { d o w n l o a d F i l e } ' ) 

# D o w n l o a d i n g d a t a f rom E E A A P I 

f i l e = r e q u e s t s . get ( d o w n l o a d F i l e ) . c o n t e n t 

# S a v i n g d a t a to the l o c a l f i l e 

o u t p u t = open ( f i l e N a m e , ' w b ' ) 

o u t p u t . w r i t e ( f i l e ) 

o u t p u t . c l o s e ( ) 

p r i n t ( ' S a v e d l o c a l l y a s : %s ' % f i l e N a m e ) 

# E x t r a c t i n g d a t a f rom . c s v f i l e u s i n g pandas and r e t u r n i t 

d a t a = pd . r e a d csv ( f i l e N a m e ) 

r e t u r n d a t a 

# M e t h o d f o r f i n d i n g m e a s u r i n g s t a t i o n l o c a t i o n by c o o r d i n a t e s 

de f f i n d c i t y ( s e l f , r o w ) : 

# S e l e c t i n g f rom d a t a b a s e l i s t o f r e g i o n s 

( c o l l e c t e d f rom G o o g l e E a r t h E n g i n e d a t a s e t c o v e r i n g w h o l e c o u n t r y ) 

p o l y g o n s = s e 1 f . db . f e t c h a l 1 ( f ' S E L E C T i d , c i t y , s t a s g e o j s o n ( p o l y g o n ) 

F R O M p u b l i c ." r e g i o n s "; ' ) 

# F o r each r e g i o n i t s i d i n d a t a b a s e . 

name and g e o m e t r y are e x t r a c t e d to v a r i a b l e s 

f o r p o l y g o n i n p o l y g o n s : 

c i t y i d = p o l y g o n [0] 
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c i t y name = p o l y g o n [1] 

geo j son d a t a = geoj s o n . l o a d s ( p o l y g o n [2 ]) 

t r y : 

p = P o l y g o n ([ t u p l e ( 1 ) f o r 1 i n geoj s o n _ d a t a [' c o o r d i n a t e s ' ] [ 0 ] ] ) 

e x c e p t K e y E r r o r : 

p = P o l y g o n ([ t u p l e ( 1 ) f o r 1 i n g e o j s o n d a t a [ ' g e o m e t r i e s ' ] [ 1 ] 

[ ' c o o r d i n a t e s ' ] [ 0 ] ] ) 

# C r e a t i n g g e o m e t r y p o i n t f rom x and y c o o r d i n a t e s o f s t a t i o n 

p o i n t = P o i n t ( row [ ' s a m p l i n g p o i n t _ x ' ] , row [ ' s a m p l i n g p o i n t _ y ' ] ) 

# P r o j e c t i o n f r o E S P G : 4 9 7 9 to E S P G : 4 3 2 6 

p r o j e c t = p y p r o j . T r a n s f o r m e r . f r o m pro j (4979 , 4 3 2 6 , a lways x y = T r u e ) 

# P r o j e c t p o i n t 

p o i n t t r a n s f o r m = t r a n s f o r m ( p r o j e c t . t r a n s f o r m , p o i n t ) 

# Check i f p o l y g o n c o n t a i n s p o i n t ( = r e g i o n c o n t a i n s s t a t i o n ) 

c o n t a i n s = p . c o n t a i n s ( p o i n t t r a n s f o r m ) 

# On s u c c e s s save s t a t i o n p r o p e r t i e s and r e f e r e n c e 

on r e g i o n i n d a t a b a s e 

i f c o n t a i n s : 

s e l f . d b . e x e c u t e ( f ' I N S E R T I N T O p u b l i c . " s t a t i o n s " 

( s t a t i o n name , s t a t i o n _ i d , c i t y , s o u r c e , p o i n t ) ' 

f ' V A L U E S ( \ ' { r o w [ " s t a t i o n _ n a m e " ] } \ ' , 

\ ' { r o w [" s t a t i o n _ c o d e "] } \ ' , ' 

f ' { c i t y _ i d } , 9 , 

st g e o m f r o m t e x t ( \ ' { p o i n t t r a n s f o r m } \ ' , 4 3 2 6 ) ) 

p r i n t ( f ' C r e a t e d new r e c o r d i n s t a t i o n s 

f o r { row [" s t a t i o n name " ] } / { c i t y name } ') 
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r e t u r n c i t y i d 

C M a i n script run 

# S c r i p t r u n f o r c o l l e c t i n g s o u r c e d a t a and s a v i n g i t 

de f r u n () : 

# I n i t i a l i z e d a t a b a s e o b j e c t 

db = L o c a l D B Q 

# I n i t i a l i z e m a i n E E A o b j e c t 

p r o c e s s = E E A Q 

# S e l e c t l i s t o f v a r i a b l e s f o r E E A near — l i v e d a t a 

v a r i a b l e s = d b . f e t c h a l l ( f ' S E L E C T i d , v a r i a b l e s h o r t 

F R O M p u b l i c ." v a r i a b l e s " WHERE s o u r c e _ i d =9 ; ') 

# F o r each v a r i a b l e d o w n l o a d a d a t a s e t u s i n g get d a t a method 

f o r v a r i a b l e i n v a r i a b l e s : 

d a t a = p r o c e s s . g e t _ d a t a ( v a r i a b l e [ 1 ]) 

t r y : 

# F o r each row i n r e s u l t e d d a t a s e t check 

i f t h e r e i s e x i s t i n g s t a t i o n r e c o r d i n d a t a b a s e 

f o r i , row i n d a t a . i t e r r o w s () : 

c h e c k s t a t i o n = db . f et c h a l l ( f ' S E L E C T s t a t i o n name , c i t y 

F R O M p u b l i c ." s t a t i o n s " ' 

f 'WHERE s t a t i o n _ n a m e = \ ' { r o w [" s t a t i o n _ n a m e " ] } \ ' 

A N D s t a t i o n _ i d = \ ' { r o w [" s t a t i o n _ c o d e "] } \ ' ' ) 

# In s t a t i o n i s not i n d a t a b a s e t , 
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i t s l o c a t i o n f o u n d and s a v e d u s i n g f i n d c i t y method 

i f l e n ( c h e c k s t a t i o n ) < 1: 

c i t y = p r o c e s s . f i n d _ c i t y ( row) 

e l s e : 

c i t y = c h e c k _ s t a t i o n [0] [ 1 ] 

# S e l e c t da t e and c o n c e n t r a t i o n c o l u m n s f rom d a t a s e t 

d a t e = row [" v a l u e d a t e t i m e b e g i n " ] . sp 1 i t ( ' ' ) [ 0 ] 

v a l u e = row [" v a l u e _ n u m e r i c " ] 

# E x c l u d e N A v a l u e s and i n s e r t r e s u l t to t he r a w _ e e a t a b l e 

i f no t pd . i s n a ( v a l u e ) : 

db . e x e c u t e ( f ' I N S E R T INTO p u b l i c ." raw eea " ( da te , v a l u e , c i t y , v a r i a b l e ) 

f ' V A L U E S ( \ ' { d a t e } \ \ { v a l u e } , { c i t y } , { v a r i a b l e [0] } ) ' ) 

e x c e p t K e y E r r o r : 

c o n t i n u e 

# A f t e r a l l d a t a f rom A P I i s c o l l e c t e d d a i l y c a l c u l a t i o n i s l a u n c h e d 

p r i n t ( 'RUNNING D A I L Y C A L C U L A T I O N ' ) 

s y s t e m ( ' p y t h o n r u n d a i l y . py ' ) 

# P a r t f o r s c h e d u l i n g to r u n code e v e r y day at the same t i m e 

s c h e d u l e . e v e r y ( ) . day . at ( " 2 3 : 3 0 " ) . do ( r u n ) 

w h i l e T r u e : 

s c h e d u l e . r u n p e n d i n g () 

p r i n t ( ' W a i t i n g t i l l 2 3 : 3 0 . . . ' ) 


