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Abstract
For many years, Fire and Rescue Service of the Czech Republic annually publishes its Statistical Yearbook. This
publication provides an overview of the past year's activities of the Fire and Rescue Service. It serves as a valuable
data source for the professionals and presents the Fire and Rescue Service to the common public.
Two types of data visualization are presented in the Yearbook, the charts of various types (line, bar, stacked bar,
grouped bar and pie charts) and choropleth and kernel density map. To make the process of data visualizations less
time demanding and error-proof, we decided to automatize it with the Python program, which reads data from
the database and according to instructions in configuration files create desired outputs.
The process starts with the transfer of all required data to the local SQLite/SpatiaLite database. The data are copied
from comma-separated files or the database of the Operational center of Fire and Rescue Service of the Czech
Republic. The data are read from the local database to the Pandas DataFrame. The data processing is done during
the data read operation from the database through the SQL query sent to the database. After that, the Matplotlib library
is used for charts creation and the ArcPy library for maps creation. The outputs of the program are the maps or charts
images of various formats according to the possibilities provided by the libraries mentioned above and application
settings.
Keywords: map, chart, automation, data mining, Python, ArcPy, Matplotlib, Pandas, statistical yearbook

INTRODUCTION
For many years, Fire and Rescue Service of the Czech Republic annually publishes its Statistical Yearbook. This
publication provides an overview of the past year's activities of the Fire and Rescue Service. It serves as a valuable data
source for the professionals and presents the Fire and Rescue Service activity to the common public. The Yearbook
is published each year as a supplement of the March issue of the magazine 112 [1, 2]. It is also available online as a pdf
file in both Czech [3] and a shortened English version [4]. The Czech versions are available from the year 1991
to the present and the English version from the year 2004. The mutual comparison of the Yearbooks from various
decades gives us an interesting overview of the development of technologies in the field of desktop publishing, data
visualization, and cartography.
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The Yearbook is divided into sections, which focuses on the activity of the professional and voluntary units, emergency
calls, fires, fire prevention, international cooperation, psychological service, and economic and personal issues. Each
section consists of various tables, charts, maps, and accompanying explanatory texts. The sections usually have
the standard part, which is the same for many years and the part which focuses on current important topics, like,
for example, wildfires in the times of droughts, escape games, or results of fire prevention controls in pubs.
The preparation of the Statistical Yearbook of Fire and Rescue Service of the Czech Republic is time and precision
demanding. It requires careful processing of a large amount of data from various sources and various types. Because
of that fact, it was decided to create a computer program for data processing and make the whole process as much
as possible automatized, standardized, repeatable and less error-prone.

THE USED DATA
The data used for Statistical Yearbook come from various sources. The primary source of the data is the database
of the Operational and Information Center of Fire and Rescue Sevice of the Czech Republic, which contains necessary
information about each event in which both voluntary and professional units are involved. Other data comes from
internal statistics or information systems of the various departments of the Directorate General of Fire and Rescue
Sevice of the Czech Republic, like from the system of human resource management and fire prevention. The reference
data, like for example the borders of the regions and districts of the Czech Republic comes from Central Data
Warehouse of Fire and Rescue Sevice of the Czech Republic [5] in which they are transferred from Registry
of Territorial Identification, Addresses and Real Estate (RÚIAN) [6].
The pdf file containing the previous issue of the Statistical Yearbook has a considerable size (more than 100 MB),
which caused severe problems with its printing and transfer. The origin of these problems was the precise boundaries
of administrative units of the Czech Republic (regions and districts) used for the creation of the choropleth map.
The accurate boundaries caused a large size of the files containing these maps and the subsequent enormous size
of the whole Yearbook. To minimize the size of the files with choropleth maps, the boundaries were generalized
with the tolls of QGIS. The figure 1 shows how the size of resulting pdf file containing the borders of administrative
units decreases with the increasing maximum tolerance value of used Douglas generalisation method.

Figure 1. Generalization of the administrative units borders. The size of the pdf file, which contains only
the generalized border of the administrative units depicted against the parameter of the generalization.
The generalization of the adjacent polygon is a little bit complicated task [7]. The adjacent boundaries must
be generalized in the same way to prevent the creation of the overlaps and void spaces between them. With respect
to the discussion on the question and answer forum [7] we used the following algorithm for generalization:
1.

The polygon layer was converted to the line layer.

2.

From the line layer, the topology information was removed.
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3.

The line layer was generalized using the Douglas algorithm.

4.

The generalized line layer was polygonized.

5.

The parasite polygons originated during polygonization were removed, and the borderlines were repaired.
The parasite polygons were identified owing to the fact that its size is many times smaller than the area
of administrative units.

As the generalization increases, the amount of the data representing the borderlines of the regions substantially
decreases. On the other hand, the increasing generalization also causes the deformation of the borderlines and loss
of its precision. Because of these facts, the final decision about the usage of the degree of generalization of borderlines
is the compromise between the amount of the data representing the borderlines and acceptable measure
of its deformation. After careful consideration of these contradictory criteria, the borderlines generalized with maximum
tolerance value 500 m of the Douglas algorithm were chosen for further processing and generation of choropleth maps.
The primary source of the data used for charts and maps in the Statistical yearbook is the aforementioned database
of the Operational and Information Center of Fire and Rescue Sevice of the Czech Republic. It is a living database used
for support of ongoing emergencies and containing information about it. Because of that fact, great attention must
be paid to the communication and usage of this database. It is necessary to avoid the slowdown of the database
performance because of its use for another less critical task, as is the creation of the charts and maps for the Statistical
Yearbook.
To cope with this problem, the two mechanisms were used. First, the one large special view containing all necessary
information for Statistical Yearbook was created. It amalgamates the information form various database tables into one
virtual table. It leads to the minimization of the number of queries to the different database tables. Second, the full view
is only once transferred to the local SQLite/SpatiLite database [8, 9] and is refreshed only when substantial changes
of the view occur or if the final generation of the charts and maps is taking place. The transfer is done with a small
tailor-made Python 3.X program. This program connects to the Oracle database on the Operational and Information
Center of Fire and Rescue Sevice of the Czech Republic, read the previously mentioned view into Pandas [10]
DataFrame [11, 12], and saves the DataFrame to the already prepared SQLite database, which also has spatial
capabilities through the SpatiLite extension.
Whenever the program for generation of the charts and maps of Statistical Yearbook starts, it makes a copy
of the previously mentioned SQLite database. Also, it transfers to the database the other data. Such data comes from
different departments of the General Directorate of Fire and Rescue Service of the Czech Republic and contains
information other than directly connected to the operational management of emergencies. These data are stored
in the folder for source data in the form of a csv file. The files are read into Pandas DataFrame and saved to the SQLite
database.

TAYLOR MADE APPLICATION
Motivation
Each year it is necessary to prepare about 60 charts and maps for Statistical Yearbook. Some of them are standard parts
of the Yearbook and changes from year to year concerns only to the range of the years for which they are generated.
Oher charts and maps are usually focused on the important current topics in the field of emergencies in the area
of the Czech Republic. The charts and maps must be prepared in time to catch the deadline of the magazine 112 March
issue. Unfortunately, the various and large datasets used for its preparation changes as come final data from regional
offices of Fire and Rescue Service of the Czech Republic. Because of that, it was decided to create a tailor-made
application for data processing and subsequent creation of the charts and maps. The reasons for creating the application
were the following:
1.
2.
3.
4.

To eliminate repeated, monotonous works on charts and maps preparation.
To make the whole process less error-prone.
To standardize the workflow and make it repeatable and reproducible.
To enable the production of the chars and maps depicting actual state according to the current needs.

Application Start
The application starts with a few initial steps, which prepare the application environment for its run. The application
begins with reading its settings and logging settings from json files. After that, the user is asked for the year for which
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the maps and charts will be generated. The year gives the upper bound of the interval for which the values will
be depicted. The lower limit of the interval is provided in the particular task settings. The range of the interval is usually
5 or 10 years.
The next step is the settings of the application paths. The year given by the user also sets the name of the folder from
which the input data and templates will be read. The output subfolder is freshly created for each application run
in the folders where application outputs resides. The subfolder name is given by the timestamp derived from the time
of application start. When the subfolder for the outputs is set, the two SQLite databases are copied in it. The firs
is assigned for input data and the second for output data produced by the application form input data. The setting
of the output folder also enables the start of the logging facility, which uses two handlers, one for screen and one
for the file. The screen handler is more detailed and informs the user about the progress of the application tasks. The file
handler is less detailed and writes only important information concerning to the application run. It documents mainly
the facts necessary for control and comparison of the outputs.
The logging starts with the writing of control records of various logging levels, application header, and description
of the python application environment and versions of used libraries.
In the database, containing input data is the table with data already downloaded from the view in the database
of Operational Management of Operation and Information Center. After the logging is established, the other data used
for the preparation of the maps and charts are copied into input database tables from csv files.
Now the settings of particular application tasks are read and processed. They are read from json files and transformed
into a form of a tree of objects. During the transformation, the predefined values are overwritten by the more specific
settings if they are provided. The tasks contain the data for creating one or more maps or charts.
The knowledge of the particular task settings enables the display of the available tasks to the user, which can select
the tasks for further processing. The predefined choice is the processing of all jobs. The selection of a particular task
is usually used in the final fine-tuning phase of the maps and charts preparation. If all settings are ready, the all set
of the maps and charts can be created by two pressing of “enter” key. First pressing confirms the selected years
for which the outputs are generated, and the second confirms the selection of all tasks. The selected task are further
processed idenpendently one by one in the order given by the menu displayed to the users. For better orientation,
the tasks are grouped into the groups according to the chapters of the Statistical Yearbooks in which they maps
and charts belong.

Execution of the tasks
The execution of a particular task differs according to the nature of the produced output. If the job produces maps,
the template in the form of the ArcGIS Pro project is used, the ArcPy library is used for its manipulation, and the data
are stored into a layer depicted in the map object of the project. The final representation of the map object is done
through the layout object, which can be exported to the picture of various formats according to the possibilities
of the ArcPy library and demands of the user.
The job of producing a chart is processed differently. It uses the Matplotlib library for the creation of the chart from
thebeginning without using any template. The created charts are exported to images of the various formats according
to the possibilities of the Matplotlib library and the demands of the user.
The processing of the data is done during the loading of the data to the pandas DataFrame from the database containing
input data. It is realized through the SQL query sent to the database. The processed data used for the creation
of the chart or stored to the layer used for the creation of the map are saved to the database containing output data
for further processing and sharing.

PYTHON ENVIRONMENT
One of the main reasons for creating a tailor-made application for the generation of the charts and maps for Statistical
Yearbook was to ensure a repeatable and well-documented process of its creation. To support these goals, we decided
to use Conda [13] package, dependency, and environment management for the Python environment, in which
the application was running. Conda use prevents unpredictable behavior of python environment and python program
results owing to package incompatibility or actualization. Use of Conda ensures a stable Python environment with
predictable behavior. It also provides tools that made the installation of the missing packages and its dependencies easy.
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As a basis for the application environment was taken clone of the Python 3 environment distributed with ArcGIS Pro.
The clone was created with tools provided by Conda Environment. In this Environment, all necessary packages were
installed by using Conda tools. For easy management of the Conda tools, the graphical user interface provided
by ArcGIS Pro was used.
The created Conda environment serves well for the application running until the minor number version actualization
of the ArcGIS Pro application. When actualization on the level of a tenth of version number takes place, the ArcPy
library probably lost connection to the ArcGIS Pro environment, and the application stops working. In order to remedy
this situation, the fresh clone of the Python environment, distributed with the new version of ArcGIS Pro, was created,
and the necessary libraries were installed. After this remedy application again works without any problems.
It is necessary to mention the libraries which are used by the application for data processing and creation of the charts
and maps because the created application serves mainly as a clue between configuration files and the various libraries.
One of the strong points of the Python programming language is a large number of libraries, which simplifies various
tasks. The usage of the cx_Oracle library enables access to the Oracle database [14], and sqlite3 to the SQLite database
[15]. The data downloaded from the database are stored and processed with the mechanisms provided by NumPy [16]
and Pandas [17] libraries. NumPy is the fundamental package for scientific computing with Python. Pandas is a fast,
powerful, flexible, and easy to use open-source data analysis and manipulation tool, built on top of the Python
programming language.
The maps are created using ArcPy library [18]. For creation of af the charts the Matplotlib [19] library with Cairo
backend was used. The main reason for the usage of Cairo backend was the extension of the number of possible image
output formats. The export of the charts into JPEG images demands the installation of the Pillow library [20, 21].

EXAMPLES OF THE PREPARED MAPS AND CHARTS
This section provides various examples of the prepared maps and charts. It tries to give an overview of the developed
tailor-made application possibilities as well as the various interesting areas shown in the Statistical Yearbook.

Figure 2. The first map depicts the emergency calls (112 and 150 number) in the year 2019 directed to regional call
centers. The number of calls is given per 1000 inhabitants. The second map shows the total number of emergencies
in the year 2019 in regions of the Czech Republic. The number is given per 1000 inhabitants.
Two basic types of maps were prepared with the application for the statistical yearbook. The first is the single
choropleth map (figure 2), and the second (figure 3) is a set of two maps depicting the same subject on the maps with
different administrative divisions, regions, and districts.
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Figure 3. The maps display the number of fires per 10 000 inhabitants in the years 2010 – 2019 in regions (small map)
and districts (large map) of the Czech Republic.
The prepared charts types span from simple bar charts to complex charts using various kinds of data representation
in one chart (figure 4).

Figure 4. Examples of the simple and complex chart. The left simple bar chart shows the number of fires connected with
the meal preparation in the various years. The right complex chat shows the daily course of different emergency types.
The values for the year 2019 are shown together with the long time averages.
In some cases, the depiction of absolute and relative values can provide valuable information about the trends (figure 5).
In the case of the representation of various variable categories in different years, the stacked bar chart is used (figure 6).
The logarithmic scale on the dependent variable axis is used if it is necessary to show the values of a different order
(figure 7).
The Statistical Yearbook deals not only with emergencies but also with the Fire and Rescue Service of the Czech
republic. Because of that fact, personal information is also mentioned in the Yearbook (figure 8).
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Figure 5. The absolute and relative number of fires according to its place of origin (buildings, cars, free spaces)
in different years.

Figure 6. The forest fires in different years.
The categories represent various types of forest (coniferous, deciduous, mixed, …).

Figure 7. The number of the collaboration of Fire and Rescue Service of the Czech Republic with various subjects
during emergencies in a given year.
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Figure 8. The personal information concerning to the Fire and Rescue Service of the Czech Republic. The number
of firefighters (dark blue line) and civil employees (light blue line), together with the total number (violet line)
in various years, are shown.

CONCLUSIONS
The Statistical Yearbook 2019 of Fire and Rescue Service of the Czech Republic [3] contains 11 maps and 42 charts.
All charts were created automatically with a tailor-made application. From 42 charts, the 39 charts were simple charts
three were double charts depicting relative and absolute values of the dependent variable. Some charts depict one
dependent variable against an independent variable; some are more complicated, depicting more variables. From
11 maps, the nine maps were created by the application, and two, kernel density map and bivariate choropleth map were
created by hand. From the nine maps created by the application, the five maps were a simple map, and the rest, four
maps were double maps containing choropleth maps depicting the variable with respect to the regions and districts
of the Czech Republic.
According to the numbers mentioned above, it is possible to say that the tailor-made application for the generation
of the maps and charts for the Statistical Yearbook has provided substantial help with its creation. It not only spare
the tedious, monotonous work, it also prevented errors by its production and recreation if the data was actualized.
The application can be run according to the actual needs. It can provide quarterly reports for high levels of commands
of Fire and Rescue Service. It also simplifies the creation of the other language version of the maps and charts.
In the near feature, in the new version of the application, it is planned to make the generation of other language versions
of the charts and maps even more straightforward. It is also necessary to mention that the application made the whole
process of production of maps and charts well documented, repeatable, and less error-prone.
The application development also started the further improvement of the data visualization in Statistical Yearbook
and discussion about the usage of the statistical methods, data treatment, and data visualization techniques in Fire
and Rescue Service in general. It also gives the background for further broader deployment of statistical methods.
The application can serve as a starting point for the development of analytical tools for the particular needs of the Fire
and Rescue Service of the Czech Republic, which will lead to the improvement of the public service and following
of the data, information, knowledge, and wisdom hierarchy [22] in general.
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