
Academic Editors: Nikola G. Shakev,

Valyo N. Nikolov, Nikolay R.

Kakanakov and Sevil A.

Ahmed-Shieva

Published: 20 July 2026

Copyright: © 2026 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Proceeding Paper

Technology for Managing and Grouping Datasets Regarding
Protected Natural Areas and Species †

Delyana Dimova

Department of Mathematics and Informatics, Agricultural University, 12 Mendeleev Blvd, 4000 Plovdiv, Bulgaria;
ddimova@au-plovdiv.bg
† Presented at the 15th International Scientific Conference TechSys 2026—Engineering, Technologies and Systems,

Plovdiv, Bulgaria, 14–16 May 2026.

Abstract

This article presents a technology for managing and grouping datasets regarding protected
natural areas and species in Bulgaria for the period 2010–2024. The studied indicators
include the area in hectares and number of the following objects: protected areas, natural
landmarks, reserves and maintained reserves, national and natural parks. The other groups
of considered elements are the number of protected plant and animal species, as well as
protected venerable trees. This information is extracted from a created relational database
and subsequently it is processed. The use of certain rules and the calculation of a given set
of variables leads to the generation of the relevant solutions concerning the studied objects.
Linear regression analysis is used to evaluate the examined data related to the protected
natural areas in the considered period. This work also applies hierarchical cluster analysis
to the mentioned data. The number of protected plant and animal species does not change
in the whole examined time interval. During 2024 compared to the first year of the interval
(2010), the number of protected venerable trees decreases by about 17.31%. The presented
technology can also be applied when studying other economic indicators.

Keywords: database; datasets; grouping; protected natural areas and species; technology;
time series

1. Introduction
In the modern world, the problems related to the protection and restoration of the

environment, as well as the protection of plant and animal species, are of essential im-
portance for the relevant society [1–3]. Various organizations and institutions collect and
provide data on the mentioned objects. The use of information technologies [4,5] in this
field allows users not only to analyze and interpret the results of data processing, but also
to explore relationships between considered objects, to describe models and trends [6–9],
and to make adequate decisions regarding the studied problems [10]. As a result, specialists
in the field of ecology can use the obtained information to develop strategies, plans, and
reports [11,12].

The current work studies time series data on protected natural areas and species in
Bulgaria. They are provided by the Bulgarian National Statistical Institute (NSI) [13] and
the Ministry of Environment and Water (MOEW) [14]. The information regarding the
indicated objects is extracted from the websites of the mentioned organizations. Then it is
presented and stored in a built relational database. The relationships between the designed
tables are determined depending on the proposed hierarchy of the studied objects from
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the respective sets. As a result of this design process, the indicated database contains the
following seven table schemes (Figure 1):

• Country (id_name, name);
• Total_Areas (id, year, total_areas, id_name);
• Area (id_area, area_name, id_name);
• Species (id_species, species, id_name);
• Number_object (id_3, year, number, id_area);
• Values_hectares (id_4, year, value_hectare, id_area);
• Number_species (id_2, year, number, id_species).

 

Figure 1. Scheme of the relational database.

The Country table is related to the following tables—Total_Areas, Species and Area.
The attribute id_name is a primary key in the referenced table Country and a foreign
key in each of the listed three referencing tables. The Area table is related to two others
(Values_hectares and Number_object). Here the attribute id_area is a primary key for
the Area table and a foreign key for the quoted two tables. It should also be noted that
the Species table is related to the Number_species table. The attribute id_species is a
primary key for the first of these mentioned tables and a foreign key in the second. Each
of the respective indicated primary key and foreign key have the same data types. The
requirement that each foreign key value has a corresponding value in the referenced
key is met. Then in this case, the referential integrity [15] is guaranteed. In addition,
the relationships between the mentioned tables of the database are of type one-to-many
(Figure 1). The information concerning the names of protected natural areas and species
is stored in two tables—Area and Species. The Country table includes the name of the
considered country. Three other tables store the number and area (in hectares) of protected
natural areas, as well as the number of species for each year of the studied time interval.
These tables are Number_object, Values_hectares and Number_species. The Total_Areas
table includes the total area (in hectares) of protected natural areas for the surveyed period.
The database is updated annually. In this case, new data are entered into some of the
listed tables.

The aim of this work is to present a technology for managing and grouping datasets
regarding protected natural areas and species in Bulgaria for the period 2010–2024. The
studied elements include the number and area (in hectares) of protected areas, natural
landmarks, reserves and maintained reserves, national and natural parks, as well as the
number of protected venerable trees, protected plant and animal species. This information
is extracted from the presented database and subsequently it is processed. In addition,
regression and hierarchical cluster analysis are also applied to these examined data.
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2. Materials and Methods
Technology description: The current work mainly considers two datasets. The first of

them contains six objects. They are the following:

• National parks;
• Natural parks;
• Protected areas;
• Natural landmarks;
• Reserves;
• Maintained reserves.

The second dataset includes protected species. In this case, these species are:

• Protected plant species;
• Protected animal species;
• Protected venerable trees.

A group of indicators for the above listed objects are studied and analyzed. This
group contains:

• Area in hectares;
• Number of objects;
• Number of species;
• Indicated time interval.

The source for searching the listed data is the built database. The values of the
indicators are stored in some of the designed tables (Figure 2). Quite naturally, the choice
of a given indicator determines the choice of the corresponding related tables from which
the data for the studied objects will be extracted.

Figure 2. Structuring the information in the built database. Sources: Data from NSI [13] and
MOEW [14].

The information for two of the indicators (areas in hectares and number of objects),
related to the surveyed elements from the first set, is extracted from five database tables.
These tables are the following:

• Country (id_name, name);
• Area (id_area, area_name, id_name);
• Number_object (id_3, year, number, id_area);
• Values_hectares (id_4, year, value_hectare, id_area);
• Total_Areas (id, year, total_areas, id_name);

The data for the next indicator (number of species) related to the elements of the
second set are extracted from three tables of the database. The mentioned tables are:

• Country (id_name, name);
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• Species (id_species, species, id_name);
• Number_species (id_2, year, number, id_objects);

The obtained groups of elements are formed based on the relevant defined criteria.
These criteria include the studied object or species, one or more indicators, as well as the
selected time interval. It should be noted that the present work considers a 15-year period
from 2010 to 2024. The elements of the relevant mentioned groups must be processed,
summarized and analyzed. For this purpose, it is necessary to find:

• Number of studied objects of the respective type (c1k, c2k, . . ., cqk; 1 <= k <= 6,
1 <= q <= 15), whose values are the same over the whole considered period;

• The time subintervals in which the number of studied protected natural areas
(cqk, cq+1k, . . ., cq+nk; 1 <= k <= 6, n >= 1, q + n <= 15) and the respective
number of studied species (si1, si2, sq+n3; n >= 1, q + n <= 15) remains unchanged;

• The time subintervals where the areas (in hectares) of the protected natural areas
(bqk, bq+1k, . . ., bq+nk; 1 <= k <= 6, n >= 1, q + n <= 15) remain unchanged;

• The percentage change in the largest area (in hectares) of the studied object compared
to the smallest area of the mentioned object in the considered period:

Hk = 100 −
bminqk

bmaxqk
.100, (1)

where bminqk and bmaxqk are the smallest and largest area of the respective object;

• The percentage change in the largest number of given objects compared to the smallest
number of the indicated objects in the studied time interval:

Lk = 100 −
cminqk

cmaxqk
.100, (2)

Nk = 100 −
sminqw

smaxqw
.100, (3)

where cminqk and cmaxqk are the smallest and largest number of the studied protected natural
areas; sminqw and smaxqw are the smallest and largest number of the respective protected
species, 1 <= w <= 3;

• The share (vqk) of the area of the respective protected natural area to the total area of
the mentioned protected natural areas for the considered year of the time period:

vqk =
bqk.100

6
∑

a=1
bia

, (4)

where 1 <= k <= 6, 1 <= q <= 15;

• The share (zqk) of the number of given protected natural area to the total number of
protected natural areas for a given year of the time period:

zqk =
cqk.100

6
∑

a=1
cia

, (5)

where 1 <= k <= 6, 1 <= q <= 15.
Applying the listed rules and calculating the above-mentioned set of variables leads

to the generation of the relevant solutions. In addition, this work uses regression analy-
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sis [16–18] and hierarchical cluster analysis [19,20] for the statistical processing [21,22] of
the surveyed data.

3. Results and Discussion
The studied datasets regarding protected natural areas are extracted from the following

three sequences of related tables—Country, Area and Number_object; Country, Area and
Values_hectares; and Country and Total_Areas. The information concerning protected
species is extracted from the tables Country, Species and Number_species.

The obtained results show that the values of one of the studied elements of the first set
remain the same for whole considered interval. In this case, this is the number of reserves.
A similar situation is observed for three other elements belonging to the mentioned set.
These are national and natural parks, as well as maintained reserves. It should be noted
here that the number of national parks is significantly smaller than the number of the
other three mentioned objects. The calculations show that the share (zqk) of the number of
national parks with respect to the total number of protected natural areas is 0.31% for each
year of the time interval. Higher values of the variable zqk are obtained for national parks,
maintained reserves and reserves. They are 1.15%, 3.67% and 5.77%, respectively, as can be
seen from Table 1. The situation is quite different for the remaining two elements (natural
landmarks and protected areas) from the mentioned set. The number of the first indicated
objects (natural landmarks) does not change in three subintervals of the considered period.
The first of them includes two consecutive years (2010–2011). During 2012 compared to
2011, a slight decrease (about 0.58%) in the values of this studied indicator is calculated.
The years from 2012 to 2015 form the second subinterval, in which the indicator values
are the same. An insignificant increase (about 0.29%) in the number of these mentioned
objects is observed in 2016. The two consecutive years 2016 and 2017 are included in the
third subinterval, where the indicator values are again the same. In addition, the share (zqk)
of the number of natural landmarks to the total number of protected natural areas during
the considered period varies in range from 36.10% to 37.46% (Table 1). Significantly higher
values of variable zqk are calculated for protected areas in the examined period. They vary
from 52.78% to 62.85% (Table 1). Here it should be pointed out that the number of the
mentioned objects remains the same in a subinterval including only two consecutive years
(2014–2015).

Table 1. Presentation of the obtained values of the variable zqk concerning the studied objects.

Years Reserves Natural
Landmarks Protected Areas National Parks Natural Parks Maintained

Reserves

2010 5.77% 36.31% 52.78% 0.31% 1.15% 3.67%
2011 5.77% 36.31% 52.89% 0.31% 1.15% 3.67%
2012 5.77% 36.10% 55.09% 0.31% 1.15% 3.67%
2013 5.77% 36.10% 58.87% 0.31% 1.15% 3.67%
2014 5.77% 36.10% 59.18% 0.31% 1.15% 3.67%
2015 5.77% 36.10% 59.18% 0.31% 1.15% 3.67%
2016 5.77% 36.20% 59.08% 0.31% 1.15% 3.67%
2017 5.77% 36.20% 59.29% 0.31% 1.15% 3.67%
2018 5.77% 36.10% 59.60% 0.31% 1.15% 3.67%
2019 5.77% 35.99% 59.81% 0.31% 1.15% 3.67%
2020 5.77% 36.31% 60.13% 0.31% 1.15% 3.67%
2021 5.77% 36.41% 60.23% 0.31% 1.15% 3.67%
2022 5.77% 36.94% 61.18% 0.31% 1.15% 3.67%
2023 5.77% 37.15% 61.80% 0.31% 1.15% 3.67%
2024 5.77% 37.46% 62.85% 0.31% 1.15% 3.67%

Sources: Own calculations on the basis of data from NSI [13] and MOEW [14].
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Moreover, the present work calculates the percentage change (Lk) of the largest number
of the respective studied objects to the smallest number of these indicated objects in the
investigated time period. The obtained values of the variable Lk for natural landmarks
and protected areas are 3.91% and 16.03%, respectively. For the remaining four objects
belonging to the above-mentioned set, this studied variable has a value of zero, since their
number does not change during the considered period.

Summarizing the data regarding the studied objects, it is found that in the time
subinterval from 2010 to 2019, the areas in hectares occupied by national parks are the
same. A similar situation is observed for the indicated object in the next subinterval
including the years 2020–2023. Here, it should be noted that there is a slight increase in
the examined indicator (area in hectares). It is about 0.2901%. The indicator values for
another examined object (in this case natural parks) remain unchanged in two separate
subintervals of the period. The first of them contains the years 2010–2012, while the second
includes 2013–2024. However, an insignificant decrease in the indicator (area in hectares)
is observed in the second subinterval. It is about 0.0058%. The calculations show that the
percentage change (Hk) of the largest area of this studied object compared to the smallest
area of the same indicated object during the considered period is 0.006%. For the studied
data related to national parks, the value of the variable Hk is 2.02%. The case is quite
different for the examined data concerning natural landmarks. Here, the values of the
indicator (area in hectares) remain the same only in two consecutive years (2016–2017). In
addition, the calculated variable Hk is 9.12%. For the next two considered objects (reserves
and maintained reserves), different subintervals are formed where the studied indicator
remains unchanged. For the first of the listed objects, the time segments contain 2018–2021
and 2023–2024, respectively. During 2023 compared to 2021, the indicator (area in hectares)
increases by 0.15%. For the studied data related to the second object (maintained reserves),
three subintervals are formed. They include the following years: 2010–2011, 2014–2016,
and 2018–2021. The values of the investigated indicator (area in hectares) for maintained
reserves in the third time segment are slightly higher than those in the first and second
segment. The variable Hk is also calculated for the data regarding the other three objects
(reserves, maintained reserves, and protected areas). Its values are 0.38%, 0.73%, and 4.84%,
respectively. The values of the studied indicator (area in hectares) change in each year of
the considered period only for protected areas.

Table 2 visualizes the calculated share (vqk) of the area of the respective protected
natural area to the total area of the protected natural areas for the indicated year of the time
interval. The values of the variable vqk for natural parks are significantly higher compared
to those for the other five studied objects. Relatively high values of vqk are also calculated
for the studied data concerning national parks. They vary in the range from 25.815% to
25.890% in the period 2010–2024. Close values of the indicated variable are obtained for
two of the considered objects. In this case, these objects are reserves and protected areas. As
can be seen from Table 2, the values of the variable are lowest for the other two examined
objects (natural landmarks and maintained reserves).

Regression analysis is used to evaluate the studied data related to the protected
natural areas in the considered time period. The constructed linear regression equation is
the following:

y = 23.024x + 560, 911 (6)

where x is the total number of protected natural areas, y is the total area (in hectares).
The result shows that the presented linear model is adequate, because it has statistically

significant coefficients at the 5% level of significance. The coefficient of correlation between
these two indicators is 0.72, indicating a strong positive relationship. This means that as
the total number of protected natural areas increases, their total area (in hectares) also
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tends to grow. The calculated coefficient of determination is 0.5810. Therefore, 53.10% of
the variation in total area (in hectares) of protected natural areas can be explained by the
variation in their total number.

Table 2. Results for the variable vqk during the studied time period.

Years Reserves Natural
Landmarks

Protected
Areas

National
Parks Natural Parks Maintained

Reserves

2010 13.223% 2.897% 13.259% 25.815% 44.030% 0.774%
2011 13.226% 2.897% 13.200% 25.815% 44.030% 0.774%
2012 13.227% 2.904% 13.491% 25.815% 44.030% 0.777%
2013 13.231% 2.892% 13.622% 25.815% 44.027% 0.776%
2014 13.230% 2.890% 13.612% 25.815% 44.027% 0.776%
2015 13.232% 2.890% 13.615% 25.815% 44.027% 0.776%
2016 13.234% 2.891% 13.607% 25.815% 44.027% 0.776%
2017 13.236% 2.891% 13.615% 25.815% 44.027% 0.776%
2018 13.255% 2.861% 13.675% 25.815% 44.027% 0.779%
2019 13.255% 2.825% 13.721% 25.815% 44.027% 0.779%
2020 13.255% 3.093% 13.148% 25.890% 44.027% 0.779%
2021 13.255% 3.094% 13.154% 25.890% 44.027% 0.779%
2022 13.258% 3.109% 13.344% 25.890% 44.027% 0.780%
2023 13.274% 3.059% 13.491% 25.890% 44.027% 0.780%
2024 13.274% 3.064% 13.818% 25.366% 44.027% 0.779%

Sources: Own calculations on the basis of data from NSI [13] and MOEW [14].

The current work also applies hierarchical cluster analysis to the studied data. The
indicated protected natural areas are grouped according to the values of their area (in
hectares). As a result, the following clusters are formed (Figure 3):

• One of the surveyed objects (in this case natural parks) is presented in a separate
cluster. Here, the values of the indicator (area in hectares) are the highest for each year
of the time segment.

• Two of the considered objects are included in one cluster. In this case, these are reserves
and protected areas. Subsequently national parks join to them.

• Two other objects form a separate cluster. These are natural landmarks and main-
tained reserves.

Figure 3. Clustering the studies objects according to the values of their area (in hectares). Sources:
Own calculations on the basis of data from NSI [13] and MOEW [14].

The processed data related to the protected species from the second considered set of
objects are summarized. The results show that the number of two of the studied objects
does not change for the whole considered period. In this case, these are protected plant
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species and protected animal species. Only the number of protected venerable trees changes
in the time segment from 2010 to 2024. As a whole, the percentage change (Nk) of the
largest number of these listed objects (protected venerable trees) to the smallest number
of the indicated objects in the mentioned period is 24.69%. It should be pointed out that
during 2024 compared to the first year of the time interval (2010), the number of protected
venerable trees decreases by about 17.31%.

In addition, the presented technology can also be applied when studying other eco-
nomic indicators.

4. Conclusions
The current work presents a technology for managing and grouping datasets regarding

protected natural areas and species in Bulgaria in the time interval from 2010 to 2024. The
surveyed indicators include the area (in hectares) and number of the following six objects:
protected areas, natural landmarks, reserves and maintained reserves, national and natural
parks. The other sets of considered elements are the number of protected plant and animal
species, as well as protected venerable trees. This information is extracted from a built
relational database and subsequently it is processed.

The obtained results show that the number of four of the studied objects (reserves
and maintained reserves, national and natural parks) from the first set does not change
during the considered period. The number of national parks is significantly smaller than
the number of the other two objects (in this case protected areas and natural landmarks).
The calculated share (zqk) of the number of protected areas to the total number of protected
natural areas is the largest. It varies from 52.78% to 62.85%. The values of the variable zqk

are lower for natural landmarks in the studied period. They vary in range from 36.10% to
37.46%. The percentage change (Lk) in the largest number of protected areas to the smallest
number of the indicated objects in the considered time period is 16.03%. The value of the
variable Lk for natural landmarks is 3.91%. The values of the indicator (area in hectares)
change in each year of the examine period only for protected areas. The percentage change
(Hk) in the largest area (in hectares) of the studied object compared to the smallest area of
the mentioned object in the considered period is also found. The value of the variable Hk

for national parks is 2.02% and 0.006% for natural parks. For the remaining four objects
the value of Hk is 9.12% for natural landmarks, 0.38% for reserves, 0.73% for maintained
reserves and 4.84% for protected areas. The share (vqk) of the area of the respective protected
natural area to the total area of the mentioned protected natural areas for the given year
of the time period is also calculated. The obtained values of the variable (vqk) for natural
parks are significantly higher than those for the other five studied objects. Relatively high
values of vqk are also calculated for the data concerning national parks. They vary from
25.815% to 25.890% in the period 2010–2024. Linear regression analysis is used to evaluate
these data related to the protected natural areas in the considered time period. In addition,
grouping the listed protected natural areas according to the values of their area (in hectares)
leads to the formation of three clusters.

The results regarding the data related to the protected species from the other studied
set show that the number of two of these mentioned objects does not change in the whole
considered period. Only the number of protected venerable trees changes in the studied
15-year interval. The percentage change (Nk) of the largest number of the examined objects
(in this case protected venerable trees) to the smallest number of the mentioned objects in
the indicated period is 24.69%.

In addition, this technology can also be applied when studying other economic indicators.
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