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SUMMARY 

In the study, the principles of creating a spatial database regarding karst processes are 
demonstrated. In particular, the subject area and existing solutions for the creation of spatial 
databases were analyzed, and a conceptual modeling approach was used.  

A geospatial data base was created and implemented using the PostgreSQL DBMS 
application with the PostGIS extension. The database created in the work contains both 
spatial and non-spatial tables. Also, for better design, several spatial tables have been added 
that do not have an internal connection with the main table, but only provide better data 
visualization. For clearer detail, the main table refers to the tables mentioned above. QGIS 
GIS and GeoServer GIS web mapping tools were used to visualize the created geodatabase.  

The developed spatial database is the basis for the creation of a geoportal of the 
corresponding topic, and the further development of its structure can ensure the 
implementation of monitoring and research of karst processes.  
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Introduction 
 
Dangerous geological processes are widespread on the territory of Ukraine, among which a significant 
share is the surface manifestations of karst. The intensification of their development leads to 
emergency situations with significant material losses. These processes are timed to the spread of 
soluble rocks - carbonate (limestone), sulfate (gypsum and anhydrite), halogen (potassium and rock 
salts) (Kuzmenko 2017; 2020). At the moment, there are more than 20,000 karst manifestations in 
Ukraine, with an area of 448.16 thousand km sq. affected by karst. (Information yearbook..., 2019). 
Considering such a significant spread of karst manifestations, it is necessary to conduct their 
monitoring, research and forecast their development. Geo-information technologies are the main tool 
that allows to fulfill these tasks (Kuzmenko at al., 2011; Chepurnyi at al., 2020). Taking into account 
the large array of data that requires preservation and processing - karst manifestation points, their 
attributive characteristics, factors of their development, it is advisable to use a spatial database. The 
use of a spatial database will allow creating a centralized repository of information on the 
development of karst processes and their distribution, a spatial database managed by a client-server 
DBMS will provide an opportunity to access information from various application programs (GIS), 
and can also form the basis of a geoportal with monitoring of karst processes. Almost all modern GIS 
support the organization of communication with spatial databases. The key difference between a 
spatial database and a regular database is the ability of the former not only to process the usual 
attributive types of data, but also to actively operate with geometric information. 
 
Method and Theory 
 
The main task of this work is to create a database of geospatial data of manifestations of karst 
processes for the territory of the administrative region as the basis of the geoportal. To perform the 
task, you need: 
- to analyze the capabilities of modern spatial database management systems for creating a geospatial 
database of karst manifestations; 
- to study the subject area regarding karst processes, their monitoring system, existing solutions; 
- carry out conceptual modeling of the geospatial data base; 
- to implement the database with the help of DBMS and visualize it with the help of modern GIS. 
 
For practical implementation, the PostgreSQL DBMS with the Post GIS spatial extension was used - 
free software for developing the database structure regarding karst manifestations of the 
administrative region in the context of creating a geoportal. Modern geo-information systems 
integrated with universal database management systems (DBMS) have the ability to publish and 
distribute spatial data in the global information space. In such GIS, both components of the model of 
geographic objects (attributive and spatial) are stored in the environment of a single database, and the 
extended SQL language allows describing a set of spatial predicates for performing spatial analysis. 
The use of a database-based approach to spatial information provides such main advantages as the 
centralization of spatial and non-spatial data in a single environment, multi-threaded use, 
independence of data from the type of instrumental GIS, real demarcation of access, data integrity and 
replication, etc. (Lyashchenko, 2011). 
 
In recent years, GIS web technologies have been widely used for publication, dissemination of spatial 
data, ensuring their centralized storage and access to them by many users of various levels - these are 
geoportals. Geoportal technologies have gone through several stages of standardization of data and 
geoservices, and the world community has developed clear principles for building geoportals. 
(Chepurna, 2022). 
 
Results 
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Taking into account the subject area of monitoring karst processes, in particular the data on karst 
monitoring of the SSPE Geoinform Ukrainy, we have created a conceptual model of the future 
database. The points of karst development in the territory of the Vinnytsia region were selected as 
data for the spatial database. Today, there is a large selection of CASE systems that provide 
convenient work with the process of modeling databases, importing a model from an already existing 
database and exporting the created model to a DBMS using the generation of appropriate SQL scripts. 
Such programs are mysql Workbench, MS Visio, Navicat, phpmyadmin, SQL Maestro for mysql and 
many others. 
 
We have developed a conceptual model of the geospatial database of karst processes in the Vinnytsia 
region. The main table is a table with points of karst development. It will be spatial and contain a 
column of geometry and points of karst manifestations as graphic objects. The main table will contain 
information that is unique to each point, namely the x,y coordinates of the points and the geometric 
data of the karst manifestations. Non-spatial reference tables are attached to the main table with a one-
to-many connection - karst type, karst age, karst development phase, lithology of cover rocks, 
lithology of karst rocks, wetting zone, stage of karst development by depth, and others. Their number 
can be expanded. Also, tables with data on cities, districts, regions, and engineering-geological zoning 
will serve as reference tables. Additionally, spatial tables of hydrography, vegetation and roads, which 
are not related to the main table, have been added for better visualization. The list of data tables can 
be supplemented with new data without affecting the structure of the database. The next step is to 
move from a conceptual database model to a logical model by designing tables, creating key fields, 
and finalizing the relationships between tables. When moving from a conceptual to a logical data 
model, the features of the selected model of data organization in the target DBMS are taken into 
account. The logical model of the database is shown in Fig. 1. 
 
The third stage of modeling represents a transition from a logical model to a physical one, taking into 
account the types of data and the specifics of a specific DBMS. Further implementation of the 
database will take place in the PostgreSQL DBMS environment. It should be noted that when 
importing data, a geometry column – geom will be added to all spatial tables. 
 
The PostgreSQL DBMS is designed to store and manage all types of data, including geographic 
(spatial) data. Many GIS have built-in DBMS support. Thanks to the exchange protocols of database 
management systems, it is possible to use convenient visualization of geospatial data in GIS 
environments, for example, GIS QGIS, GIS ArcGIS and others or with the help of web cartography 
tools using, for example, as a software platform for creating web GIS various server GIS, for 
example, Mapserver, Geoserver. The interface part of web GIS is developed using basic web 
technologies (HTML, CSS, Javascript), frameworks (Bootstrap, Materialize) and libraries (Leaflet, 
Openlayers). 
 
Figure 2 shows a representation of the spatial table from the karst point database as a web GIS using 
the Leaflet library. Map layers of Open Street Maps were used as a basic set of spatial data. 
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Figure 1 Logical model of the geodatabase 
 

 
Figure 2 The map was created using the QGIS module 
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Conclusions 
 
The functionality of modern spatial database management systems allows to organize a centralized 
storage of spatial and attributive data and, in combination with GIS and web technologies, provide 
high-quality data visualization. 
 
When creating a spatial database, the subject area and existing solutions should be analyzed in detail, 
conceptual, logical and physical modeling should be used. 
 
A geospatial data base was created and implemented using the PostgreSQL DBMS application with 
the PostGIS extension. This free software is distinguished by the presence of a large library of 
functions, support for OGC standards, a simple interface and compatibility with the most popular 
geographic information systems. 
 
The database created in the work contains both spatial and non-spatial tables. Also, for better design, 
several spatial tables have been added that do not have an internal connection with the main table, but 
only provide better data visualization. For clearer detail, the main table refers to the tables mentioned 
above. For visualization of the created geodatabase, GIS QGIS and GIS web mapping tools - 
GeoServer and the Leaflet library were used. 
 
The developed spatial base is the basis for the creation of a geoportal of the relevant topic, and the 
further development of its structure can ensure the monitoring and analysis of karst processes. 
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