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Abstract: This article is focused on the creation of a data model of an information system to support
the processes of population sheltering (PoS). PoS processes have undergone significant changes
in the Czech Republic. The PoS system was transformed for the use of improvised shelters. For
sustainable PoS, it is necessary to standardize the approach of crisis management staff. Key research
hypotheses: the data model must respect the methodological framework of planning and implemen-
tation of the PoS, especially when used for the design and implementation of the improvised shelters;
the standardization of residential buildings can be used to facilitate and streamline the sustainable
process of planning of the PoS; the unified data model of the PoS can be considered suitable for
standardization and development in the field of sustainable planning and implementation of the PoS.
Softwares such as SW QGIS desktop 2.6.0, OpenStreetMap (OSM) spatial database, ESRI shapefile
format, and S-JTSK/Krovak East North 5514 coordinate system were used for the verification of the
spatial data model, and ASP.NET MVC 4.7.2 Microsoft SQL Server Express 2019, jQuery 3.3.1, Boot-
strap 3.4.1, Kendo UI 2019.1.220, and virtual Windows Server 2016 were used for the implementation
of the physical data model. The physical data model substantiates the benefits.

Keywords: modelling; sustainability; emergency management; civil protection processes; data model;
spatial database

1. Introduction

Population sheltering (PoS) can be perceived from several standpoints [1,2]. The
first “classic” standpoint is given by historical developments in the territory of the Czech
Republic (CR). The glossary for population sheltering, environmental security, and national
defense prepared by the Ministry of the Interior of the CR states the following [3]:

“The PoS is the use of shelters and other suitable premises in order to protect
population against effects of luminous and heat radiation, penetrating radiation,
contamination by radioactive dust, chemical or biological substances and against
blast effects of weapons of mass destruction. For these purposes, the improvised
and permanent shelters are used.”

The General Directorate of the Fire Rescue Service of the CR defines the population
sheltering in its glossary within the context of Executive Regulation No. 380/2002 as
follows [4]:

“During emergency events the PoS is carried out by means of improvised and
permanent shelters. The methods and extent of the collective PoS are specified in
a sheltering plan, which is a part of the emergency plan for the region.

The improvised shelters (IS) are designed in accordance with the sheltering plan
within reachable distances necessary for providing the PoS if permanent shelters
are not available.
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Permanent shelters (PeS) are used for the PoS and include permanent protective
areas in the basement of buildings or detached buildings.”

Authors of professional literature define the PoS in a similar way to the glossary of the
Ministry of the Interior of the CR. For instance, the publication “Emergency management
and sheltering of the population during emergency events” by Hladký [5] can serve as
an illustrative example. In addition, the professional publication “Collective protection
of the population” by Pacinda and Pivovarník defines sheltering as “measures of protec-
tion against effects and consequences of large operational accidents and against effects of
weapons of mass destruction. The PoS can be provided in the designated areas of under-
ground or aboveground parts of buildings or other suitable premises self-converted by the
population into IS while using materials from local sources, or in the PeS and protection
systems of underground transportation constructions” [2].

The PeS are also used for emergency accommodation and civilian activities held in
peacetime when there is a low risk of most threats [2]. The premises of the PeS are also used
in a similar way in which other countries use them, for example, for parking, entertainment,
or other purposes. This is the so-called dual-purpose usage of the PeS [2,6].

Based on these findings, sheltering can be understood in a broader context than it has
been commonly known in the CR until recently. The change in the perception of the PoS
is also supported by a new Concept of the protection of population (PP), namely by its
explicitness and absence of specific descriptions of individual solutions within the PP [7].

Nowadays, there is only a small number of PeS available and the IS are planned on a
theoretical level [8,9]. Real-life practice in the field of PoS is regulated by valid legislation,
which expects the PeS to be gradually removed and replaced by the IS [7]. There have been
changes in developments of security threats; their occurrences have decreased and were
therefore side-lined. The IS are still relied on; however, the actual shelters are not being
designed and suitable premises are not being sought [9].

The current situation is caused by many factors. Predominantly, the main factors
include a low priority for the PoS and the absence of system support for designing and
planning of the IS [8–10]. The current system in the CR is based on a set of elements used
for the PS. Its main parts are as follows [2]:

- Municipalities which are obliged to provide sheltering on their territories;
- Fire Rescue Service (FRS) of the region which keeps records of shelters and removes

the PeS from the records in accordance with valid legislative processes;
- The population, as an integral part of the PoS system, which is expected to be directly

involved in the system;
- PeS and IS as the main tools, however, the IS can still be characterized by their

insufficient planning and preparation [2].

The crucial positions in the system occupy the municipality, especially the mayor, and
also improvised and permanent shelters. In particular, the absence of a system to support
the designing and planning of the IS is evident in the municipalities [9]. The CR lacks a
unified methodological tool, which would help the municipalities and their staff with the
planning and implementation of the PoS. The inconsistency of approaches to the PS, and
designing and planning of the IS are the basic problems. In the past, detailed plans and
methodologies for designing and implementation of the IS were used. However, these
plans and methodologies were cancelled without any substitution, namely because of the
low priority placed on the PoS [8,10,11].

In order to solve this problem, it is necessary to create a unified methodology for the
design and implementation of the IS and keeping a record of the PeS. Such a methodology
would allow the establishing of a system in the individual municipalities and it would also
provide a supportive tool for the state.

Nevertheless, the form of such a methodology remains problematic. The current
trends in information support (InS) of the PP consider using various kinds of software.
This is demonstrated by the massive use of SW solutions (tools) in the field of the PP and



Sustainability 2021, 13, 13503 3 of 19

related fields, especially in emergency management (EM) [9]. This trend is evident not only
in the Czech Republic but also in other countries [9].

In the field of the PoS, specific tools are not used; however, support is provided by
tools used for the InS from other related fields, e.g., EM and PP. Even in these fields, there
is not one unified tool that would be used in the whole CR; the choice of individual tools is
dependent on user preferences (in this case municipalities) [9]. Owing to this fact, a number
of information systems are used in the CR together with other single-purpose SW tools
which are used, e.g., for modelling of emergency events, etc. [12]. The most frequently used
tools include, for instance, Terex, Obnova, EMOFF, GINA, ARGIS, and various forms of
web applications and protected access websites [13]. The last method is the most frequently
used and it includes, for example, the access to emergency and contingency plans of regions,
a survey of forces and resources, etc. [14]. From the perspective of PoS, these tools are not
often used as information support. The tools for accessing the emergency and contingency
plans of regions and some GIS applications used by individual municipalities are the only
exceptions. This is where the “separate layers” focused on the PoS are created. Layers are
used to display locations of the PeS or premises suitable for the IS. Applications that use the
GIS are also widespread in the fields of evacuation, warning, and notification. Generally
speaking, the PoS is rather underestimated on the part of municipalities and in most cases,
it is not addressed at all [15].

Due to this fact, the InS tools of the PoS are not used as much as necessary. One of the
exceptions is the municipal authority of the town of Most where the web GIS application is
used as the InS tool [16].

In addition, this web application serves the needs of the public, especially for inform-
ing them about the possibilities of the PS. In order to create the given layer, the data model
for digital processing of monitored phenomena of territorial analytical data in the GIS [17]
was used. This data model represents a unified approach and includes a section dedicated
to the PS. However, it only deals with the location and capacity of the PeS and premises
suitable for the IS [16] and therefore, it lacks the important information on the planning
and implementation of the PS. Nowadays, the said model is used only in five regions
out of 14. Apart from the town of Most, the GIS application is also used as the InS in the
town of Pilsen. In addition, the Department of Emergency Management of the town of
Pardubice uses a desktop variant ArcGIS, version ArcView. They use it for administration
and keeping a record of the PeS and premises for the IS [10]. Naturally, the previously
mentioned examples of using the GIS application as the InS tools for the PoS are not the
only ones in the CR. Personal consultations revealed several major problems associated
with the use of the GIS as an InS tool for the PS. In particular, this applies to data [9], or
more precisely, the “thematic data” describing the PoS. This data includes, for instance,
capacities of shelters, conditions of shelters, materials needed for construction adjustments,
shelter equipment, purpose of using shelters, and others.

The main issues associated with the PoS in the CR are the absence of a unified
methodological tool for planning and implementation of the PoS and the absence of
“thematic data” [18]. Based on these facts, it is necessary to create a unified data model for
the PoS in order to standardize and support the planning and implementation of the PS.
The data model will unify the approach of individual municipalities and it will provide
support of SW tools for these activities. The data model must respect the methodological
framework of the planning and implementation of the PoS, especially when used for
the design and implementation of the IS [19]. This hypothesis is the core of this article.
Therefore, the objective of the article is to contribute towards solving the problems of the
PoS in the CR and to enhance the concept. The possible method of doing so is the creation
of a methodology for designing and planning the IS and keeping a record of the PeS. This
methodology is to be subsequently implemented into a data model processed in a spatial
form. Finally, the presented solution is verified in laboratory conditions and tested in
real-life conditions in the town of Uherské Hradiště.
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The number of resources is limited from the point of view of the spatial data model
of PoS. However, there are specific applications, especially [15–17], which are relatively
inconsistent, and the level of abstraction varies. The unification of PoS processes is a basic
prerequisite for creating information support for a sustainable PoS system, as evidenced
by [9,13,20]. The construction of the data model is based on basic constructs—entities [19]
and the description of their properties—attributes. Entities represent objects in the real
world, while attributes determine the properties of these objects [18,19]. Within data
models, the level of abstraction is subjective and the analysis of legislative documents and
existing standards can be used to define entities and their attributes [19]. Vector models
clearly prevail over raster [21] from the point of view of the form of representation of spatial
data models. Therefore, it is necessary to assign the spatial attributes of the respective
entities [21] here. The basic principle of spatial data modeling is in accordance with the
principles of data modeling. Three types of data models can be presented, namely, it is the
conceptual data model representing the highest degree of abstraction. The second type is
a logical data model and the last type is a physical data model, which is a form of data
structure [22]. The correct design of the data model respects the following: data update,
flexibility and extensibility of the model, position accuracy, compatibility with other data
sources, and accessibility [22].

The aim of this article is to create a data model of the application to support the
processes of PoS planning and preparation. The proposed data model is based on the
unified methodology for designing and keeping a record of IS and PeS. The main hypothesis
is the following: the data model must respect the methodological framework for planning
and implementation of PoS, especially when used for the design and implementation of IS.

2. Materials and Methods

The basic materials and methods described in this chapter were used in the research.
It is mainly a data modeling method based on the use of E-R diagrams and abstraction
using a conceptual data model [19]. The information from “the unified methodology for
designing and keeping a record of IS and PeS“ was used to define the basic attributes [9].

The main hypothesis of the research presented in the introduction implies the need to
respect the methodological framework of planning and preparation of PoS. The sustainabil-
ity of PoS processes is evidenced by attempts to apply spatial data models in PoS [15–17].

It is possible to identify a non-uniform approach and different levels of detail of
the attributes of the resulting models within each application. The dependence of the
sustainability of PoS processes can be compared by analogy with the sustainability of pro-
cesses from related areas of PP, e.g., for evacuation processes [6], individual protection [10],
and others [20].

The following subchapters describe the process of creating a data model, the choice of
locality for its testing together with the hypothesis of space typing for IS, and last but not
least, “the unique methodology for designing and keeping a record of IS and PeS“. The
methodology is supplemented by a description of the determination of key attributes, such
as the proctor protection factor for IS, capacity, etc. Within the construction of the physical
data model, this chapter also describes the SW tools used.

2.1. Data Model

The design of a spatial data model is based on “the unified methodology for designing
and keeping a record of IS and PeS” [9]. The implementation of the methodology is based
on analysis and synthesis of available scientific documents together with the induction and
deduction of the obtained data. These documents deal with problems of the PoS, and, these
are the sources [1,2,8,10,11]. On the basis of these materials, the key entities and attributes
that formed the final methodology were acquired. For this task, a comparison method was
used. The methodology was created in MS Excel in xlsx format. This format was chosen
because of its widespread use among the staff of the EM and PP. Owing to the selected
format, the methodology can be used by the vast majority of departments which focus on
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the PP and PoS. To process graphical outputs incorporated in the methodology, the SW
application FreeCAD v. 0.16 in 64-bit architecture was used. By means of this, SW plans
for specific objects were processed. The methodology is based on previous activities of
the authors and it is described in detail, e.g., in [9]. A part of the methodology is shown
in Figure 1.

Figure 1. The unified methodology for designing and keeping a record of IS and PeS [9].

The value of the attribute “protection coefficient of the building” was based on calcu-
lations of protective properties of individual buildings (objects for the IS).
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Protective properties of buildings against penetrating radiation are defined by the
so-called protective coefficient of the building K0 (the protective coefficient of the shelter—
PCS). This coefficient indicates how many times the dose of radioactive radiation Du in the
shelter is lower than the radioactive radiation dose D0 at a height of 1 m above the exposed
terrain around the shelter (see Equation (1)) [9,11,23,24].

K0 =
D0

Du
(1)

K0 =
3.25 × Kst

(1 − V2)× (Kz × Kst + 1)× Km
(2)

K0 =
0.65 × K1 × Kst

(1 − V2)× (Kz × Kst + 1)× Km
(3)

K0 =
0.77 × K1 × Kst × Kp

(1 − V2)× (Kz × Kst + 1)×
(
Kp + 1

)
× Km

(4)

K0 =
0.77 × Kpr

V2 + Kvch × Kpr
(5)

Equations (2)–(5) serve to calculate the PCS for individual types of shelters. The
following equation describes the calculation for shelters located in the middle section of
multi-storied buildings.

The third equation is used to calculate the PCS for shelters, which are partially under-
ground or those above ground level.

Equation (4) describes the calculation of PCS for the underground shelters with
an extension.

The last equation is used to calculate the PCS of the completely underground shelters
without extensions [9,11,23,24].

Variables in individual equations are as follows:

K—PCS;
K1—coefficient of the effect of external walls;
Kst—coefficient of reduction in radiation by the external wall;
V2—coefficient of the width of the building;
Kz—coefficient of penetration of the radiation through openings;
Km—coefficient of the influence of surrounding buildings;
Kpr—coefficient of the influence of ceiling structures;
Kp—coefficient of the influence of ceiling structures (for shelters with extensions);
Kvch—coefficient of penetration of the radiation through the entrance.

In order to define the PCS K0 and individual coefficients, it is necessary to know
information on the construction.

- Surface density of walls and constructions.

The surface density is determined based on the tables [21]; the materials of the shelter
must be known. The surface density is calculated by Equation (6).

ρ = H × X
[
kg/m2

]
(6)

where:

ρ—surface density of the brickwork;
H—weight of 1 m3 of the construction;
X—thickness of the structure.
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- Surface of openings.

The total surface of the openings affects the protective properties of the selected
premises. In addition, it determines the number of materials needed for adjustments.
The surface of openings affects mainly the coefficient Kz and the coefficient Kvch to a
lesser extent.

- Room dimensions.
- Depth of sinking of the shelter and its location.

Generally, the depth of sinking of the shelter determines the choice of the basic
equation for calculation of protective characteristics of the building.

- Information about the building and the surrounding built-up area.

This affects the parameters Kp, Kpr, K1, and Kst. These parameters are taken from the
tables based on measurements [25].

The resulting protective properties are influenced by other factors as well, but they
are rather insignificant.

Also, the attribute “capacity” was determined by calculation, which was based on the
floor space. The capacity is 1–3 m2 per sheltered person in premises with filtered ventilation
equipment (FVE) and 3–5 m2 in the premises without the FVE or forced ventilation. The
total capacity of the IS must therefore comply with these requirements [10]. In other words,
the maximum and minimum capacities are calculated for buildings with and without
the FVE.

Individual entities and attributes of the data model are based on “the unified method-
ology for designing and keeping a record of IS and PeS”. The crucial method in this part
of the research was the modelling, or more precisely, the data modelling method. For the
creation of the data model of the PoS on a conceptual level, the E-R diagram constructs
were used [19]. The conceptual data model was implemented in the web interface Draw
available at: https://www.draw.io/ (accessed on 12 October 2021). The data model was
designed as a spatial data model. For implementation of the logical data model, MS Excel
was chosen because of its tabular layout. The physical data model was processed using the
application Quantum GIS, QGIS Desktop 2.6.0, QGIS Browser 2.6.0. Additionally, physical
structures and attributes were created. First, the file system of empty layers was created
in the format ESRI shapefile with a ‘.shp’ extension. A vector data model was chosen.
Subsequently, the structure was slightly modified so that individual attributes could be
implemented and most importantly, the type of geometry—the point was identified. The
point as the type of geometry was used for structures of civil protection and the PeS and IS.

The ESRI shapefile format was chosen due to its easy transferability among individual
GIS applications, and because it is widely used. It is fully compatible with the ArcGIS tools
commonly used by municipal authorities.

For the same reason, the coordinate reference system obligatory for self-governing
units was also adopted pursuant to Government Regulation No. 430/2006 Coll [26]. It
is the coordinate system of the Uniform Trigonometric Cadastral Network (hereinafter
S-JTSK). Two systems are supported as per the EPSG (Geodetic Parameter Set) and they
are represented by names and codes S-JTSK (Ferro)/Krovak East North 5221 and S-
JTSK/Krovak East North 5514. Both systems use “mathematical” axis orientation. The
system S-JTSK/Krovak East North 5514 was used to implement the data model. QGIS
applications were used for the actual processing the spatial data model.

The spatial database OpenStreetMap (OSM) was used for the final implementation of
the data model. Thematic data was created in the QGIS Desktop 2.6.0 interface.

Upon verifying the functionality of the spatial aspects of the data model, the creation
of a physical data model followed as the last step of the process. For the implementation
of the physical data model, the development environment ASP.NET MVC 4.7.2 was used
together with the following technologies: Microsoft SQL Server Express 2019, jQuery 3.3.1,
Bootstrap 3.4.1, and Kendo UI 2019.1.220. A thin client was chosen for the physical model,
which was put on a virtual Windows Server 2016. The physical model can be accessed

https://www.draw.io/
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through a web interface by means of user accounts (domain www.uo.flkr.utb.cz (accessed
on 12 October 2021)).

2.2. Locality

The town of Uherské Hradiště was chosen as the location for testing the data model as
the information support tool for the PoS. Uherské Hradiště is a town with a population of
25,246 inhabitants, and it is located in the eastern part of the CR in the Zlín Region. It is a
district town with a rich history and a developed industry. Based on methods of observation
and analysis, the constraints for the implementation of the case study were specified.

One of the main constraints is the type of the object (building) intended for the IS. For
the purposes of testing, the objects owned by the town were chosen due to their accessibility
for physical observation. Objects owned by the town were further divided into residential
buildings and other buildings (gyms, schools, etc.). Based on the detailed analysis, the
method of the “standardization of objects for the IS” was applied. This method is based on
the consistent design of several objects (residential buildings). On this basis, the objects
are classified and included into one series. Based on the design consistency of the given
series, the data related to the construction, equipment, and design of the IS can then be
used for other objects of the same series without the need for adjustments. This is a general
method devised by the authors in order to facilitate planning of the PoS [25]. Due to the
unification of housing development in the last century, this method can be widely used
in the CR, and it allows a considerable reduction in time necessary to obtain data for the
given data models. Nevertheless, the weak point of this method is the fact that it can only
be used in larger towns (over 20,000 inhabitants) because of the lack of the unification of
construction of residential buildings in smaller towns. Therefore, the type of buildings in
the territory of Uherské Hradiště makes this location perfect for the use of the previously
mentioned method.

Individual series of buildings were defined in housing estates called “Východ” (red
windowpane), “Štěpnice” (orange windowpane), “Pod Svahy” (blue windowpane), “Mali-
novského” (yellow windowpane), and “Jarošov” (violet windowpane), while other build-
ings were defined near the streets “Stará Tenice”; (green windowpane) and “Na Rybníku”
(brown windowpane). Locations of individual buildings are depicted in Figure 2 by means
of color-coded windowpanes.

Figure 2. The individual series of buildings in the town of Uherské Hradiště [27,28].

www.uo.flkr.utb.cz
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Within the analyzed buildings, three basic series were defined, namely: OP 1.11., OP
1.31, and G 32 [12,27]. These series of buildings of concrete construction are intended for
residential use. Furthermore, a series of unspecified buildings was defined. It is impossible
to identify the series type of these buildings because the buildings comprise of various
types of construction material, such as bricks. Therefore, within the database of buildings
of the IS, four series were defined.

3. Results and Discussion

“The unified methodology for designing and keeping a record of IS and PeS” was used
for the determination of the key entities and attributes of the data model [9]. This makes it
possible for the GIS to be used for planning and implementation of the PS. These entities
are based on the methodology and specified types of objects and their characteristics. The
entities were converted into a graphical form for the E-R diagram as shown in Figure 3.
The figure depicts the actual entities, i.e., PeS, IS, their equipment, information on the
planned construction of the IS, and supplies of materials, including type and quantity of
materials needed for the implementation of the IS.

Figure 3. Defining entities.

The list of attributes for the given entities was obtained by analyzing the characteristics
of the types of objects (Table 1). Together with the attribute determination, the abbreviations
to be used in the model and its implementation are specified. Subsequently, the primary
keys were determined (Figure 4).

Table 1. Defining attributes of the data model and their abbreviations.

Entity Civil Protection Buildings

Attribute Registration Number of Shelter

Entity Permanent Shelter

Attribute

Id PS; Registration number of shelter; Address
of shelter; Municipality/municipality with

extended power; Owner; Capacity (max./opt.);
Responsible person—contact; Peaceful use;

Commissioning Time (hours); Hours of
Operation (hours); FVE (yes/no); Position; Id
of Equipment; Id of Construction; Area (m); Id
of Material Delivery; Use for EE type; Public

Status PS; Nonpublic Status PS
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Table 1. Cont.

Entity Improvised Shelter

Attribute

Id PS; Registration number of shelter; Address
of shelter; Municipality/municipality with

extended power; Owner; Capacity (max./opt.);
Responsible person—contact; Peaceful use;

Commissioning Time (hours); Hours of
Operation (hours); FVE (yes/no); Position; Id
of Equipment; Id of Construction; Area (m); Id
of Material Delivery; Use for MU type; Public
Status PS; Nonpublic Status PS; Discarded PS

Entity Equipment

Attribute

Id of Equipment; Phone; Local radio; Lighting;
Water supply; Sewerage; El. Energy;

Gas supply; Sanitary facilities
WC/washroom; Other

Entity Construction

Attribute

Id Construction; Shelter Location; Area of
doors and windows (m2); Material of the

ceiling structure; The material of the perimeter
walls; Calculated building protection factor

after modifications

Entity Material Supplies

Attribute
Id Material Supplies; Shelter Bulk material (m3)

Solid material (m3); The place of supply
of material

Figure 4. Defining primary keys.

The list of attributes for the given entities was obtained by analyzing the characteristics
of the types of objects. Together with the attribute determination, the abbreviations to be
used in the model and its implementation are specified. Subsequently, the primary keys
were determined (Figure 3).

After defining entities and attributes the relations of individual entities are determined.
As shown in the diagram, some entities become strong (PeS and IS) and on the contrary,
some become weak (equipment, construction and material supplies). In order to maintain
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clarity of graphic depiction, not all attributes were included. Additional attributes are based
on the previously mentioned list of attributes. Defined relations are depicted in Figure 5.

Figure 5. Relations of the data model.

Prior to the actual integration of sub-parts of the data model into the conceptual model,
it is necessary to allocate and define the existing domains of individual attributes which
constrain the values that the attributes may acquire. Domains are specified together with
individual attributes of the said entities which are found in the list. Domains are specified
in Table 2.

Table 2. Domains of attributes of the data model and their abbreviations.

Entity Attribute Domain—Value

Permanent Shelter Use for EE type
Public Status PS

CBRN/Flood/Climate EE/other EE
Closed/Open

Equipment

Phone
Local radio

Lighting
Water supply Sewerage

El. Energy
Gas supply

Sanitary facilities
WC/washroom

FVE

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

In order to specify all necessary parameters, a simplified scheme of the logical data
model was created on the basis of the previous design of the conceptual model. This
scheme is depicted in Figure 6.

The actual data model was created by converting the logical data model into the
target structures of the geodatabase and file systems. A board version was created for
testing purposes.

An example of the output from the implemented data model in application QGIS 2.6.0
is shown in Figure 7. The figure depicts the main layers of the civil protection building,
PeS and IS.



Sustainability 2021, 13, 13503 12 of 19

Figure 6. Simplified scheme of the logical data model.

Figure 7. Objects of improvised and permanent shelters in the GIS in the town of Uherské Hradiště [28,29].

By means of the QGIS, the implemented model was subsequently tested in laboratory
conditions. The verification was performed by processing a randomly selected locality.
The model functionality was tested by entering fictitious information. In addition, the
possibility of using the model for spatial analyses associated with the PoS was tested [30].
Additionally, randomly selected analyses and tools such as buffer, intersect, difference, etc.
were tested. Subsequently, random non-spatial analyses of attribute data were tested.
Types of analyses are to be chosen with respect to the higher probability of using the GIS
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as an information support tool for the implementation of meaningful activities during
planning and implementation of the PS. Due to a large number of possible analyses and
tools in the GIS, it was possible to test all of them directly. In particular, analyses and tools
with a higher probability of application in planning of the PoS and information support
(InS) in this field were tested.

3.1. Implementation of the Data Model for Planning and Management of the PoS Processes in
Uherské Hradiště

Implementation of the designed data model in the GIS as the InS tool for the PoS in
the territory of Uherské Hradiště is the second stage of testing; it includes real-life testing
and implementation into practice.

In order to verify the functionality of the data model, the first stage of implementation
was performed. This stage included implementation of the existing PeS and the first part
of the IS. The first part of the IS included objects owned by the town and objects in which
the PeS used to be. The second stage of implementation included premises suitable for
the IS which are not owned by the town. The total implementation of shelters to cover the
needs of the PoS in Uherské Hradiště is a long-term issue that is to be addressed gradually.
The gradual implementation of the second stage is caused by difficult data collection, as
there is no possibility of ordering the population to cooperate in providing information
about the IS in the buildings they own.

Therefore, the first stage included the identification of a single PeS in the territory of
Uherské Hradiště, which is the shelter in the Hvězda cinema near the town center. Other
selected premises for the IS included former PeS, which are no longer used for this purpose
and do not have the necessary equipment anymore. Nevertheless, these premises still have
sufficient protective parameters. Therefore, these premises have considerable potential
for providing protection if appropriately modified into an IS. Moreover, construction
adjustments that would reduce their protective potential are highly improbable.

The list of former PeS was obtained from the staff of the FRS in Uherské Hradiště,
where they were registered in the past, and this information is also included in the data
model in the form of a separate attribute.

Another aspect of defining the objects was based on an analysis of the list of buildings
owned by the town. This list was obtained in cooperation with the Mayor’s Office Depart-
ment (Emergency Management Authority) in Uherské Hradiště. The list contained a large
number of various buildings from which the premises suitable for construction of the IS
were selected. These were, in particular, residential-type buildings with suitable premises
for construction of the IS.

Upon obtaining the list of PeS and suitable premises for the IS, these were implemented
into the GIS. The output from this implementation is depicted in Figure 8, which shows
the map of the distribution of the PeS marked by a green triangle, while the IS are marked
by a red triangle, and the potential premises for the IS are marked by a yellow rhombus.
Figure 9 depicts an attribute table of implemented objects. A special methodology for
designing and keeping a record of the PeS and IS was devised. This methodology has been
completely processed for those objects for which the vast majority of data was acquired.

When collecting data, the series of residential buildings owned by the town were
identified. These construction series were implemented into the data model by means of
domains of a separate attribute. In particular, the following types of residential buildings
were identified in the territory of Uherské Hradiště [31]:

- Type 1—residential buildings made of brick structure;
- Type 2—residential houses of the series OP 1.11;
- Type 3—residential houses of the series OP 1.31;
- Type 4—residential houses of the series G 32.
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Figure 8. Objects owned by the town complemented by privately owned objects with the
same design [28,29].

Figure 9. Attribute table of the IS layer of the data model implemented in the GIS in the town of
Uherské Hradiště [28].
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Based on the identified construction types of concrete flats owned by the town, objects
of the same series in private ownership were identified. These blocks of flats are shown
in Figure 8.

Objects owned by the town were complemented by privately owned objects with the
same design as shown in Figure 8. Once the testing phase and data collection in the desktop
version of the GIS were finished, the creation of a physical data model in the form of a web
application followed. The web application was created in accordance with the requirements
of the emergency management staff of municipalities. Figure 10 shows a demonstration
of the default page of the application. The application is used for keeping a record and
planning processes of improvised and permanent shelters. It is therefore possible to keep
records of both PeS and IS. The left part of Figure 10 shows a section that serves for hiding
and displaying the layers of PeS and IS. Both layers can therefore be hidden or displayed
as required. Below the field for controlling the layers there is a field for data filtering. The
filters are set separately for each layer. The data can be sorted (filtered) based on selected
parameters. This makes it possible to filter the PeS layer according to the type of PeS,
type of emergency event (EE) for which the PeS is to be used, or the PeS status (private or
public). The IS layer can be sorted (filtered) according to the following attributes: type of
the EE, shelter location (IS type), and protective coefficient of the building. The right field
of the application displays in its upper part a map of the site of interest with the locations
of PeS (red point) and IS (blue point). If users click on individual points (both PeS and IS), a
pop-up window appears with a brief overview of the main attributes. These windows with
attributes are depicted in Figure 10. Controlling the window with a mouse is relatively
intuitive, or one can use controls at the top left of the window. In the lower right part,
there is a table with an overview of attributes for both PeS and IS. In addition, the table is
used for recording individual attributes, or inserting new buildings of PeS or IS. The main
controls of the table are at the top. There is also a “switching” field for working with the
PeS or IS (a), and a brief or complete display of attributes (b). From here, it is also possible
to turn on the edit mode (c) and to export the database and the currently displayed map (d).
The exact location of the individual controls is shown in Figure 8 (see letters in parentheses
above). The lower part of the table is then used to display PeS and IS data. The data is
displayed according to the conditions of set filters and set parameters of work with the
database. At the top of the application, there is a bar with the title of the application and
login/logout. The application can also be managed through this part (see Figure 10).

Figure 10. The default page of the web application of the final spatial data model [32].
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3.2. Applicability

The obtained results from the data modelling will find their application in public
administration and self-administration. The applicability is predominantly limited to the
conditions of the Czech Republic (CR). However, the general principle of the proposed
data model is applicable to other countries as well. In the Czech Republic, the field of
population sheltering is legally regulated. Act No. 239/2000 and executive regulation
No. 380/2002 [29] stipulate the obligation of municipalities or mayors to take steps in con-
nection with the preparation of shelters for the population. The authorities concerned are
therefore not only motivated but also obliged to implement the steps associated with keep-
ing a record, planning and preparation of PeS and IS. The absence of a similar application
on the Czech market makes its applicability relatively high. This assertion is also sup-
ported by the successful implementation of the application by the Emergency Management
Department of the town of Uherské Hradiště, who actively use this application.

The application provides the benefits of implementing the methods of record keeping
and planning of IS and PS, which is in accordance with the applicable legislation, and at the
same time it respects long-term trends and knowledge in the field of population sheltering.
Owing to the successful implementation of the application in the town of Uherské Hradiště,
there are also other towns in the CR interested in the application. Considering the number
of towns and villages in the CR, there is a relatively high potential for the practical use
of research results. The research presented originated partly within the TACR research
project. Therefore, publishing individual parts of the data model must be in accordance
with the license agreement. For this reason, the source code of the application cannot be
presented here, which, however, is the key aspect and main contribution of the research.
Predominantly, the merit of the research is its design aspect, i.e., the conceptual data model.

4. Discussion

The resulting data model for the PoS confirms the possibility for the development of
the InS using the information technologies (IT). The structure of the data model is based
on “the unified methodology for designing and keeping a record of IS and PeS” [9]. This
methodology is represented by a fundamental document for the PeS and IS and contains
important data for the design and planning of PoS processes from the perspective of in-
dividual shelters (objects). In particular, the methodology was used by the data model in
order to ascertain individual attributes of the relevant entities. The use of the methodology
enables standardization of PoS processes and significantly contributes to the reduction
in demands and costs for PoS preparation. The implementation of the methodology sig-
nificantly contributes to increasing the sustainability of PoS processes. The methodology
creates a comprehensive framework for a unified approach of crisis management person-
nel in individual municipalities compared to current support methods [15,16]. Similar
attempts at standardization face limited possibilities to support PoS planning [18]. The
methodology used here respects a comprehensive approach to PoS and contains a wider
area of related attributes.

From this perspective, the article confirms the use of IT tools, namely the GIS and web
technologies in the field of the PoS. Furthermore, for this reason the data model is designed
as spatial. The structure and significance of individual attributes are based on detailed
analysis and testing in laboratory conditions. In the course of this process, attributes
were specified in such a way as to make the resulting data model as universal as possible.
Versatility can be demonstrated by applicability in areas of different sizes. As part of the
testing, the data model was applied to small and large cities. Practical testing was carried
out in a medium-sized city. The versatility of use is also evidenced by the possibility of
using the method of “standardization of objects for the IS” [20], which contributes to the
facilitation of PoS processes.

It has been planned to use the designed model in practice since the very beginning of
the research. For this reason, there was close cooperation with the emergency management
staff of the town of Uherské Hradiště. This cooperation was essential mainly for defining
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the entities and attributes, as well as during testing the functionality and applicability of
the data model and its implementation into the web application. This cooperation also
contributed to the creation of a tool focused on InS applicable in solving real PoS processes.

From the perspective of the data model, defining the entities and attributes can be
considered a critical part of the research. Despite a detailed systematic analysis, some
attributes can be omitted, and the selection process may be further optimized. Therefore,
creating the data model can be perceived as a “live process”. The data model can be
accessed any time and the attributes can be edited. It is also possible to delete, specify, or
create a new attribute. This is a key feature which enables the data model to be optimized
even during its use, e.g., when the security environment is changed, etc. In accordance with
the main research hypothesis of the implementation of the PoS methodological framework
into the proposed data model, it is appropriate to limit these processes to the maximum.

Other key feature of the data model is the possibility of its gradual implementation.
The data model allows individual entities to be gradually implemented, and their attributes
can be entered as needed. This will allw the staff of the emergency management to
implement the data model gradually at their own pace. The scope of implementation of
the data model also determines if the data model is only suitable for keeping a record,
or whether it can be used as a full-featured tool for planning and implementing of the
PoS. Utilizing this feature, the proposed model makes it possible to replace some current
solutions [17] while creating the potential for wider use.

The process of selection of the premises for the IS in privately owned residential
buildings has confirmed the hypothesis of the use of structural conformity in buildings
with identical constructions. This assumption facilitates planning and preparation of the
PoS in the town and demonstrates the importance of the data model as a tool for the InS
in the process of the PoS. Although this hypothesis was verified, it is necessary to respect
its limitations. These limitations include the size of the selected town, when there is a
prerequisite of standardized blocks of flats, or standardized family houses.

Standardized family houses and other buildings are a topic for further research.
Specification of the unified types of objects and their categories will allow the data model
to be expanded, mainly due to reducing the workload of the security personnel. However,
the data model allows full implementation even without the expansion of the standardized
series. Another topic for further research is the application of the data model to other
localities, especially those with fewer objects (i.e., small municipalities).

5. Conclusions

In conclusion, it is possible to say that the data model fully meets the given objectives
of the research article, and it increases the security and enhances the development of the
InS in the field of the PoS in the CR. In addition, the hypothesis: the data model must
respect the methodological framework of the planning and implementation of the PoS,
especially when used for the design and implementation of the IS, was also confirmed. The
verification of the initial assumptions related to the data model was carried out under both
laboratory and real-life conditions in the town of Uherské Hradiště [9]. Research proves the
importance of IT in standardizing PoS processes. Furthermore, the results show an increase
in the efficiency of process planning. An example is the possibility of applying the method
“standardization of objects for the IS” (Section 2.2). Thanks to the application of this method,
it is possible to facilitate the work associated with IS planning. Especially in larger cities,
the benefit is high. The main benefit is the possibility of applying IS modification projects
to several objects with the same construction properties (apartments). For example, in the
object of type OP 1.11, it has a total of 271 occurrences in the investigated locality [20]. Such
facilitation of work contributes to lower workload for civil protection personnel. Due to the
time saved for PoS planning, employees can plan PoS to a greater extent even in previously
neglected areas (IS planning). Another example is facilitating the presentation of the state
of PoS to the public. Here, the spatial presentation is suitable for presenting data on the
availability of free shelter capacities.
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Due to these benefits, the proposed data model contributes to an overall increase in
the sustainability of PoS processes in the field of crisis management.
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Defence: Prague, Czech Republic, 1978.
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