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ABSTRACT

Introduction. The contemporary globalized world characterizes the rapid population growth, its significant concentration in
cities, and an increase in the urban population. Currently, many socio-cultural, economic, environmental, and other challenges are
arising in modern cities. Cities are therefore emerging from the common understanding and displaying new characteristics: reduced
density, dispersed development, poor accessibility and monofunction. However, the concentration of population in cities also brings its
own set of issues.

The purpose of article. The purpose of the study was to identify Shaki City's urban development process, and how its land use
has evolved over time. It examines the population growth in the region and the increase in the specific weight of the urban population
between 2016 and 2023, analyzing the population growth trend over a 20-year period. The direction and extent of urban land use has
been studied by determining the relationship between the growth rate of the urban population and the extension of the urban area, and
by analyzing the changes which have occurred during the period of land use.

Research methods. Statistical data has also been used for this purpose, together with data from the Azersky satellite. Machine
Learning (ML), which is widely used in remote sensing systems, was applied, Support Vector Machine Learning (SVM), and image
classification and processing were performed. On the basis of the obtained data, a comparative analysis of the previous and current
conditions was carried out and the area of changes in the area between the classified areas was calculated. Simultaneously, the changes
between categories during the use of the area and the recent changes in the direction of land use were shown. Classification performance
has been assessed, user and producer accuracies have been determined and kappas have been calculated.

Main findings. The increase in the population of the Shaki district led to an increase in the specific weight of the urban population
and the extension of the town to the south and south-east where the population previously lived sparsely. It is mainly due to construction
of new housing estates in region, as well as construction of a central clinic, an ASAN service, and a regional education division. A
'flight to the centre' was observed, resulting in noticeable changes in the land use structure between 2016 and 2022, in line with the
growth rate of urbanisation and economic development. The decoding of the distribution images of the region shows that there has
been an increase in the area of settlements over the six-year period. By 2016, settlements cover 22.4 per cent of the city, and by 2022,
the figure rises to 39 per cent. From 34% to 32.9%, the total area of forest reserves decreased.

Scientific novelty and practical value The article describes for the first time the urban sprawling and territorial transformations
in Shaki district in the context of population growth by using change detection analyses. The practical value of the study is the possi-
bility of using its algorithm and method to conduct similar studies in other cities of Azerbaijan. The results of the study are significant
in the context of justifying regional measures to adapt urban expansion to population growth.

Keywords: urbanization, Shaki city, Azersky, kappa coefficient, population growth, spatial planning, land use, change detection,
urban sprawling.
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Introduction becoming a concern for researchers and planners. In
Today, the process of urbanizing the world isre-  recent years, the rate of urbanisation has accelerated
sulting in sprawl development, which is gradually  and it is expected that by 2050, two thirds of the
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world's population will be living in metropolitan ar-
cas [4]. More than half of the world's population will
live in cities, and this will be unevenly distributed
across the world [13]. Cities are therefore emerging
from the common understanding and displaying new
characteristics: reduced density, dispersed develop-
ment, poor accessibility and monofunction. How-
ever, the concentration of population in cities also
brings its own set of problems. This raises questions
about limited natural resources, food availability,
transport and energy. While all this is happening, land
use is being affected, so the problem of diminishing
land reserves has arisen in parallel.

Population growth and the implementation of
'regional development programmes' are commonly
understood to be an expansion of the general area of
the city. Statistics show that the urban population ac-
counted for 40 per cent of the district's population in
2000, 38 per cent in 2015, and 36,8 per cent in 2023
in the Shaki city [7]. These trends show that urban
expansion is driven by total population growth rather
than urban population growth. Therefore, their distri-
bution in a particular city and the relevant spatiotem-
poral dynamics should be a prime concern for munic-
ipalities and planners.

The novelty of the present research is to study
the expansion area of the city with the increase in
population in the Sheki region. Nonetheless, repre-
sentative relevant research based on digital tools and
technologies has not been accomplished for any ur-
ban territory in Azerbaijan yet.

1.1 Literature review

Research on urban sprawl has been in existence
since the 1960s and the term "urban sprawl" was first
proposed by Whyte [33] in 1958. The process of ur-
ban sprawl began in France in the 1960s and is now
spreading to the outskirts of cities, regardless of their
size, as economic growth continues.

In the early 21st century, governments at all lev-
els greatly accelerated urban sprawl by investing
heavily in transportation and other public facilities
[5]. There are a number of approaches to urban
sprawl, and most research focuses on four aspects.
The first aspect is the delimitation of urban sprawl
[31]. Whyte [33] defined urban sprawl as the thera-
peutic development of suburban areas. Anderson etc.
[1] divides urban sprawl into the following categories
by characterizing it as the separation of the residential
area from other land uses due to its location on the
outskirts of the city:

a) General reduction of land use intensity;

b) Developed transport network;

c¢) Expansion of city boundaries.

Summarizing the mentioned ideas, expansion:
low density, inaccessibility, scattered development,
and functional inefficiency are manifested.

The second aspect is the measurement of urban

sprawl. Two types of metrics are commonly used to
measure urban sprawl, a single index, and a compo-
site index method to measure multidimensional as-
pects of sprawl. The most popular single index is the
sprawl index, which was used to measure the sprawl
ranking status of metropolitan areas in the United
States in 2000 (SI) [22]. Ewing et al. [11] used prin-
cipal component analysis to examine 22 highly cor-
related variables, from which he formed four factors:
residential density, the extent of land use, the inten-
sity of economic centers and urban centers, and ac-
cessibility of neighborhood networks.

Later, new measurement models were developed
by adding other factors to measure the spreading co-
efficient. Torrens [30] measured urban sprawl with
seven aspects, including urban growth, with a total of
42 factors. The composite index method also includes
a dynamic model, spatial model, measurement
model, statistical model, and integrated model. Zhou
et al. [34] investigated the factors influencing vertical
urban expansion by building regression models from
the perspectives of government, developers, and res-
idents. Das and Angadi [6] combined spatial land-
scape metrics and the Shannon entropy model to an-
alyze the spatial assessment of urban sprawl.

The third aspect is the study of the factors influ-
encing the expansion of cities mainly from two as-
pects: natural conditions and socio-economic condi-
tions. Wang et al. [31] studied urban decentralization
and urban renewal as socio-economic factors behind
urban expansion. Fan and Zhou [12] believed that the
expansion of fiscal competition among governments
in cities, competition for investment, and competition
for environmental promotion are factors that posi-
tively influence cities. Multiple scenario simulations
were used to explore the potential impact of popula-
tion growth and job sector expansion and planning on
urban growth [8,16]. Based on the model of least re-
sistance, Guan et al. [15] simulated urban expansion
conditions under different scenarios considering re-
source level, environmental barriers, environmental
resistance, and urban expansion, and made sugges-
tions to guide sustainable urban development. Morar
et al. [23] developed and used an original integrated
approach using urban remote sensing (URS) and GIS
for changes detection to evaluate the current state and
monitor spatial transformations of the Urban Green
Areas and found out UGAs were not expanding and
partially shrinking during 2000-2020 in Kharkiv,
Ukraine.

Niemets et al. [25] analyzed the current state and
prospects of the world cities in terms of the sustaina-
ble development concept, identified opportunities,
threats, strengths and weaknesses of the world cities,
determined the role of cities in the contemporary
global world and consider further research of the
world's cities. The authors noted that highly develop-
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ped cities have more chances to quickly implement
the sustainable development concept compared to
medium-sized cities due to larger financial resources.
Gavrilidis et al. [14] used hierarchical analysis to
evaluate green space proposals in urban areas and
proposed a methodological framework for control-
ling urban sprawl. Menzori et al. [24] argued that
governance capacity affects the geographic location
of urban growth and in turn the level of urban expan-
sion. Tan et al. [29] concluded that innovation poli-
cies do not promote urban sprawl.

Research on urban sprawl is comprehensive and
covers diverse areas such as quantity, mechanism,
impact, and regulation [19]. The concepts put for-
ward in these studies are mainly in the direction of
the expansion of cities with the provision of social
economic development, the creation of new jobs, and
the improvement of the quality of life. Ensuring re-
gional and local development is based on the princi-
ples of proper planning of the territory. The main is-
sue is that the scarce territory and land should be
taken according to the above-mentioned require-
ments. The size of the city affects population growth,
and as a result, the expansion of the city takes place.
In other words, urbanization and the expansion of the
city should be dealt with in a complex way.

1.2 Previous studies

A brief analysis of previous research demon-
strates the considerable attention to studying the spe-
cific aspects of the land cover in Azerbaijan have
mainly focused on the use of supervised remote sen-

41°00°E
1

sing maximum likelihood classification methods us-
ing Landsat 5 and 7 TM satellite images of 1998 and
1999 [17,21]. However, the results of the studies are
not available for comparative analysis. In particular,
Bayramov [3] conducted a study on land use and
changes in land resources in the Republic, mainly ob-
serving the increasing and decreasing trend of forest
cover and greenery in 2014-2015 (Landsat 8) green
areas functioning.

Most of the studies conducted have focused on
changes in forest cover and historical periods, and
have not considered urban sprawl and its scale. The
aim of this study is to have a better understanding of
the urban development process of Shaki City and the
evolution of its land use over time. In terms of the
content of the research, the following questions have
been proposed to fill the scientific gap: What is the
relationship between population growth and urban
sprawl, and what changes have occurred in the dis-
trict in terms of land use?

2. Material and Method

2.1 Study area

Shaki district is one of the largest regions of the
Republic of Azerbaijan with a total area of 2488 km2
(Figure 1). It is bounded by the Republic of Dagestan
of the Russian Federation to the north, Oguz District
to the east, Yevlak District to the south and Gakh Dis-
trict to the west.

Shaki belongs to the group of medium-sized cit-
ies, lagging behind Baku, Sumgait and Ganja as re-
gards its level of social and economic development
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Fig. 1. The area of research
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and population [9]. Nevertheless, in the classification
of cities, Shaki is considered to be a regional urban
center. However, recently it was removed from the
group of medium cities and included in the group of
big and large cities due to the increase in population,
formation of large industrial areas and multi-sectoral
industrial structure [10].
2.2 Data analysis

First of all, let's look at the statistical indicators of the
district in order to measure the level of urbanization
in the region and determine the expansion area of the
city. The indicators of the population of Shaki for the
years 2010 and 2020 have been taken from the data-
base and calculations have been performed using
them. It should be noted that the 2020 information
is of an intermediate nature and does not reflect the
most recent statistical information, as the population
census was conducted twice (1999 and 2009) [26,28].
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In the period 2010-2020, the population of Shaki
district is on the increase. Thus, in 2010 the popula-
tion was 173.5 thousand persons, in 2015 this indica-
tor reached 182.7 thousand persons, and in 2020 it
will reach 189.1 thousand persons, representing an
increase of 3% over the previous year [7]. The popu-
lation growth rate has fallen sharply over the same
period. By 2020, the number of inhabitants will have
decreased by 53 per cent, from 1,852 to 864. Further-
more, the growth rate of the population per thousand
inhabitants decreased from 10.2% to 4.6%. Con-
versely, the difference between births and deaths is
decreasing. In 2015, there were 3 003 births and 1
151 deaths in the region. In 2020, the interval be-
tween them gradually decreased, the number of births
reached 2208, and the number of deaths reached 1344
people, which is a factor that directly affects the nat-
ural growth of the region (Fig 2).
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Fig. 2. Population growth indicator of Shaki region over the years (thousands of people) growth rate 4.6 %
(per thousand people) Source: Prepared based on statistical data [7,28]

Villages and settlements make up the majority of
the population of the region. According to the growth
rate, Shaki region has been undergoing the process of
construction of new housing estates, commissioning
of service facilities and opening of new jobs. Cur-
rently, the expansion of the city and the correspond-
ing changes in the use of the territory are taking place.

2.3 Method

The main method of the research is the remote
sensing and Geospatial Information System (GIS)
techniques that are operated on the basis of satellite
images (Table 1) and their processing. The aim of
these techniques is the classification and mapping of
the land use/land cover of the study area, and the
evaluation of the accuracy of the classification proce-
dures to determine how well they have been carried

out and also to understand how to interpret the utility
of the classification. This study was carried out with
ArcGIS Pro, version 2.8.4. The following methods
have been used in the research:

-Inductive and deductive methodologies (for the
logical understanding and processing of available
data and information on the city, its condition, role
and changes).

-Benchmarking method (the author used this
method at almost all stages of the study for the deter-
mination of the current state of the city and the com-
parison of their development levels).

-Visualisation technique (the author used this
technique in combination with the graphical tech-
nique to visualise the dynamic changes in LULC for
different time scales).
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-Content analysis method (to analyse the spatial
changes and transformations of Shaki's urban sprawl
through the use of support vector machine (SVM)).

The sequence of the process and the develop-
ment methodology are carried out in Figure 3. Alt-
hough the approach is the same, some parameters
and/or additional calculations may be performed

later. It depends on the number of data used, the indi-
cators of the parameters, and the applied methods [2].

For this purpose, the Azersky satellite was used,
and supervised classification was performed using
the SVM method. The aforementioned SVM (support
vector machine) method is considered the highest
level of machine learning (ML) and is often used in

Data collection

Satelitte data
1. Azersky Spot 6 data 2016
2. Azersky Spot 7 data 2022

“image pre-processing
1) image enhancement
2) image registration
| 3) Extract the study area

Database creation

Y

Field survey

Define projection

Train the data by using

»  Visual interpretation, after
label the class name

Supervised classification by
using SVM algorithm

LULC map of year 2016

Generate attribute table

Change detection by using post-
classification comparison
method fore the years 2016-2022

v

LULC map of year 2022

Generate the Confusion |
matrix

Classification Accuracy |
Assesment Analysis

Results and discussions |«

Fig. 3. The methodology and sequence of the satellite image decoding

Satellite images were used. Source: Satellite images provided by Azercosmos to support scientific resyc;il;ﬁll
Name Achieved Name of Platform Type Band number
Azersky 2016 | SPOT6 Orthophoto 4
Azersky 2022 | SPOT7 Orthophoto 4

the process of processing satellite images. The clas-
sification of the obtained data was carried out in the
following way:

e Settlement: it includes residential areas of the
population, social infrastructure areas,
transport infrastructure and its units, industrial
enterprises, and agricultural production areas;

e Forest: Greenery, park areas, trees, and bushes
in backyards were classified as forest areas
during image processing;

e Bareland: Areas classified as low productivity,
areas with no vegetation or broken areas, tem-
porarily formed due to the reduction of the

flow area of rivers and not suitable for any ag-
ricultural area, are included in this category;
e Agriculture: This category includes agricul-
tural fields and vineyards around the city;
e Water: Classification of the river flowing in the
city of Shaki was carried out.
3. Results and Discussion
3.1 Analysis of classification results
After deciphering the distribution images ob-
tained in the region, it can be seen that there have
been significant changes in the share of individual ar-
eas in the general area (Fig. 5). Thus, the area of the
settlements began to increase in the six-year period.
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In 2016, residential areas (including residential areas,
social infrastructure areas, industrial enterprises, and
buildings) covered 22.4% of the city, and in 2022,
this indicator increased by 39% (Table 2). However,
during classification, some areas such as football
pitches, airport grounds, and outdoor sports fields are
classified as residential areas. However, these areas
can also be considered fallow areas and agricultural
areas.

Although GIS information systems are conside-

A

Classified_2016
Class_name
B scttiement
B Forest
Bareland
N Agriculture
B water

Classified_2022
Class_name
B settlement
B Forest

W Bareland
B Agriculture
B water

red an important planning tool in spatial planning,
they cannot explain change or substitution in detail.
Thus, the physical changes occurring in the area are
explained by social and economic processes along
with geographical components. For example, it can
be justified by the measures taken within the frame-
work of the "Social and economic development of
Regions" State program implemented in the region
during the years 2016-2022, including the newly
commissioned facilities and service areas.

Percent (%) of LULC category of 2016

m Settlement

® Forest

= Bareland
Agriculture

B Water

Percent (%) of LULC category of 2022

H Settlement

¥ Forest

u Bareland
Agriculture

B Water

Fig. 4. Satellite images of the Shaki region in 2016 and 2022.
An image decoded using the SVM method by the author Discussion

A reduction in the total area of forest reserves is
observed. So, if forests covered 34% or 1105 ha of
the total area in 2016, in 2022 this number has sharply
decreased to 32.9% in urban and surrounding areas.
In the decoding of the forest area in the study region,
the classification according to the category of sparse
and dense forest was not carried out and it was eval-
uated as a single forest area.

A decrease in the extent of arid and unusable ar-
eas was recorded in the city of Shaki. In 2016, these
areas, which were 654.4 ha, covered 20.1% of the
city, but in 2022, this indicator decreased sharply to
128.9 ha, which constituted 16.2% of the area. One
of the factors affecting the increase and decrease in
the area of wasteland is the recent decrease in the wa-
ter level of the river flowing in the region, resulting
in the formation of areas in the form of small fields,
which have been recorded in dry areas or unused areas.

On the other hand, as a result of the social eco-
nomic development programs of the regions, the pro-

vision of gas to the population in the area has been
accelerated and a large part of the gas needs of the
region has been completely met, as a result, the de-
struction of forest resources has been prevented. In
areas classified as unusable and arid, there is a de-
crease in the total share of arid areas due to the natural
formation of bushes. In the indicated period, the num-
ber of areas without wounds decreased by 20%.

The most serious change in the use of the terri-
tory was recorded in agriculture. Thus, a decrease in
the agricultural use of the territory is seen during the
years 2016-2022. The general indicators of agricul-
ture, including arable land, were 665.4 ha in 2016,
and decreased to 367.6 ha in the next six years. This
means a 45% or 297.8 ha decrease in the mentioned
period.

There was no significant change, replacement or
decreasing trend in the total area of water basins. In
2016, the area of the river flowing in the urban area
was 3% (98 ha), but in 2022 these indicators were
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2.8% (89.6 ha), which is quite weak and not to an ap-
preciable extent.

3.2 The extent and direction of change

During the use of the area in the Shaki region, a
transition or change between areas was observed.
Figure 5 shows the categorical change, which shows
the transition of land use in which sector to which

sector during 2016-2022 after classification. No
changes have been recorded in the areas shown in
white on the map, and the areas that have changed are
marked with color intensification. Although you see
a transition in all areas, except for the sharp change
in the above-mentioned areas, the changes in other
categories are insignificant or negligible.

Table 2
Quantitative indicators of land use (2016-2022)
No Class name 2016 2022
Area(ha) % of area Area(ha) % of area

1 Settlement 727,71 22,4 1196,7 36,8

2 Forest 1104,7 34 1071 32,9

3 Bareland 6544 20,1 525,5 16,2

4 Agriculture 665,4 20,5 367,6 11,3

5 Water 98 3 89,6 2.8

Total 3250,2 100 32504 100
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3.3 Performance Evaluation and Accuracy
Analysis

Accuracy assessment is considered the last step
in the data analysis in the remote sensing method,
which allows you to check how accurate the obtained
results are and is carried out after the decoding of
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Fig. 5. Areas that have changed and remained stable during the use of land in Shaki district (2016-2022)

satellite images. The main goal here is to evaluate the
accuracy of the thematic maps or classified images
known as asthmatic or classification accuracy. Dur-
ing the accuracy analysis, 100 points were deter-
mined by the Random Forest method in the classified
area, its user (UA) and producer accuracy (PU) were
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calculated, and the average accuracy and Kappa effect
value for the area were obtained. For this, a confusion
matrix (Table 3) has been constructed for the area.

3.3.1 Confusion and Error Matrix

A confusion matrix is a multiple array of rows
and columns used to evaluate the accuracy of a pro-
cessed image. It has a two-dimensional structure,
where rows represent reference data and columns
represent classified data. The manufacturer's accu-
racy is defined as the probability of correctly classi-
fying any pixel in that category [27] (Equation 1).

Total number of correct pixels in a category

For example, the water category in Table 3 has
an accuracy of 0.93, which means that about 93% of
the pixels in the watershed classification appear as
classified water pixels.

After the user accuracy is calculated (Equation 2),
we can see that the forest cover areas are correctly
classified (Table 3). The general accuracy analysis is
expressed as follows (Equation 3).

The average accuracy after classification was
found to be 0.88% (Table 3), indicating that the land
use map was correctly classified in 88%.

Accuracy (Producer’s Accuracy) = Total number pixels of that category derived from reference data (1
) _ Total number of correct pixels in a category

Accuracy (User S AccuraCY) " Total number pixels of that category derived from reference data )

_ Sum of the diagonal elements
Overall Accuracy " Total number of accuracy sites (pixels) (3)
Table 3

Confusion Matrix obtained from classification
Class Value | Settlement | Forest Bareland | Agriculture | Water Total U Accuracy | Kappa
Settlement 19 0 0 0 1 20 0,95 0
Forest 0 20 0 0 0 20 1 0
Bareland 2 0 18 0 0 20 0,9 0
Agriculture 0 2 0 18 0 20 0,9 0
Water 6 0 1 0 13 20 0,65 0
Total 27 22 19 18 14 100 0 0
P_Accuracy | 0,703704 | 0,909091 | 0,947368 1]0,928571 0 0,88 0
Kappa 0 0 0 0 0 0 0] 0485

3.3.2 Kappa analyses where;

Error and Confusion matrix is a discrete multi-
variate method used to evaluate classification accu-
racy. Kappa analysis produces a kappa coefficient, or
Kt statistic, with values ranging from O to 1. The
kappa coefficient (Ksa) is a measure of agreement be-
tween two maps that takes into account all elements
of the error matrix[18] and is defined by the follow-
ing equation(4):

K = NYT g %= Yo (x+Xx41)
NZ-YT_ (i Xx41)

4)

r = number of rows and columns in error matrix,
N = total number of observations (pixels)

Xii = observation in row 1 and column i,

Xi+ = marginal total of row i, and X+i = mar-
ginal total of column i

Looking at the Kappa coefficient after the clas-
sification of satellite images, we see that this number
is equal to 0.85 (Table 3) and according to the rating
criteria (Table 4) it is quite high and considered near
perfect[19].

Table 4

Ranking criteria of Kappa statistics

No Kappa statistics Strength of agreement
1 <0.00 Poor

2 0.00 - 0.20 Slight

3 0.21-0.40 Fair

4 0.41 - 0.60 Moderate

5 0.61-0.80 Substantial

6 0.81 - 1.00 Almost perfect
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Conclusion

The achieved overall accuracies for the land-
cover classification for 2016 and 2022 were 85 %.
They were considered sufficient for land-cover quan-
tification and change detection analyses. The super-
vised classification was performed using SVM
method. The images were classified into five classes;
Agriculture (367,6 km2), water body (89,6km?2),
built up areas (1196,7 km?2), mixed forest (1071
km?2), and Barren/bare land (525,5 km?2). Settlement
was the dominant type of Landuse classified which
covers about 37% of the total study and rised up 469
ha. At the same time, agricultural land has decreased
by 297.8 ha, which could pose a problem for supply-
ing the city with food.

The research questions above are fully explained
by the results obtained. To explain the first question,
population growth in the region has a positive corre-
lation with urban growth. As the population has
grown, the number of new buildings has risen, and
this growth has occurred at the expense of Bare land,
agricultural land and woodland. The expansion of the
city continued, although the population did not rise
dramatically. And the extension of the town to the
south and south-east where the population previously
lived. It is mainly due to construction of new housing
estates such as Central clinic, an ASAN service, and
Regional education division within “Social and Eco-
nomic Development of Regions” State programs.

The second part of the study's task has been the
identification of changes that have taken place in the
district in terms of land use. For this purpose, the land
use/land cover of the study area was classified and
mapped using remote sensing and GIS techniques
and change detection analysis, and the accuracy of
the classification procedures was evaluated to assess
their performance. The research shows that as a result
of the 'flight to the centre', people have gathered in
the suburban areas, noticeable changes have occurred
in the land use structure between 2016 and 2022. This
resulted in a decrease of 33.7 ha, 128.9 ha and 297.8
ha in woodland, bare land and agricultural land re-
spectively.

The available satellite images for the study area
cover only two years. This is not enough to predict
the future. Also, the borders of the city itself (city
area) are not specifically defined. That is, during the
research, it was analyzed together with the surround-
ing villages, including Okhut, Kish, Gishlag. When
the aforementioned is fully provided, it is possible to
make accurate calculations on the growth index (SI)
of the city, and for this, more information is needed.
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IIpocTopoBoO-4acoBuii aHAJII3 PO3POCTAHHSA MICT i3 BUKOPHCTAHHAM
BUSIBJICHHS 3MiH Ha npukJjaji lllekincbkoro paiiony AsepOaigxany

Hogan Apmynos '

acrmipaHT, HayK. CIiBpOOITHUK KadeapH MONITHYHOT Ta eKOHOMI4HOI reorpadii Azepbaiixany,
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2 BakuHCHKMIT IepkaBHMH yHiBepcHTeT, AKazn. 3axima Xaminosa, 33, Baky, Az 1148, Asep6aiimkan

CyuacHnit 1106ami30BaHUI CBIT XapaKTEPHU3YETHCSA CTPIMKAM 3pOCTaHHSM HACEJIEHHS, HOTO 3HAYHOIO0 KOHIIEHTpA-
LI€0 B MiCTax, 30UIBIIEHHSM MiCBKOTO HacesieHHs1. HuHI B cydacHMX MicTax 1ocTae 6araro COIIOKYJIBTYpPHUX, EKOHOMI-
YHUX, EKOJIOTIUYHHX Ta IHIIUX BUKJIMKIB. TaKMM YHMHOM, MiCTa BUXOAATH 13 3araJisHOr0 PO3YMIiHHS Ta IEMOHCTPYIOTh HOBI
XapaKTePUCTUKU: 3HIDKCHA IIJIBHICTh, PO30CepeKeHa 3a0yI0Ba, IIOraHa OCTYIMHICTh i MOHO(YHKIIOHAIBHICTE. OHAK
KOHIICHTpAIlisl HACSJIICHHS B MiCTaX TaKOXX MPUHOCHUTH CBOI MpoOIeMu. METO JOCHTIKEHHs OYJI0 BU3HAYUTH MPOIEC
MicbKoTO po3BHUTKY Micta [1laki Ta Te, sk HOro 3eMJIEKOPHCTYBaHHS 3MIHIOBAJIOCS 3 4acoM. JlOCIHiKyeThCs IPUPICT Ha-
CeJICHHS B PETiOHI Ta 301IbIICHHS MUTOMOI Bard Micbkoro HaceneHHs Mixk 2016 1 2020 pokamu, aHai3y€eThCS TEHICHIIS
3pocTaHHs HaceneHHs 3a 20-piunnii nepion. Hanmpsimok 1 MacmiTad MiChKOT0O 3€MJIEKOPHUCTYBAHHS BUBYAIIM IIUISIXOM BH-
3HAYEHHS 3B'3Ky MIX TEMIIAMH 3pOCTAHHS MICHKOTO HacEJCHHs Ta PO3MIMPEHHSIM MICHKOI TEPUTOPIi, @ TAKOXK HUIIXOM
aHaJIi3y 3MiH, IO BiAOYJIMCS MPOTATOM IIEPiOAY 3eMIICKOPUCTYBaHHA. [IJIs bOTO TAKOXX BUKOPHCTOBYBAIUCS CTAaTUCTUYHI
JlaHi, a TaKOX JaHi cynmyTHuka Azersky. Bymo 3acrocoBano mammuHe HapgaHHs (ML), sike IMPOKO BUKOPHUCTOBY€ETHCS B
cucTeMax AUCTAHIIHHOTO 30HyBaHH:, OyJI0 BUKOHAHO MAaIlIMHHE HaBYaHHS OTMIOPHUX BekTopiB (SVM), kiacudikaris ta
00poOka 300paxkeHb. Ha OCHOBI OTpUMaHUX JaHHUX MPOBEICHO MOPIBHAJILHUI aHalli3 MOMEpPeIHIX 1 MOTOYHUX YMOB i
PO3paxoBaHO IJIOILY 3MIHHU IUIONI[ MK KJIaCH(PIKOBAaHUMHU TepUTOpissMU. OHOYACHO MOKA3aHO 3MIHU MiX KaTeropisMu
ITi/1 YaC BUKOPUCTAHHS TEPUTOPIi Ta OCTaHHI 3MiHU y HANpsIMi BUKOPUCTAaHHS 3eMili. Byno ouiHeHO e()eKTUBHICT Ki1acH-
¢ikanii, BU3HAYEHO TOYHICTh KOPUCTYBaua Ta BUPOOHHMKA Ta PO3paxOBaHO Karma. 30inbineHHs HaceneHHs [llakiHcbkoro
paiioHy MpHU3BEIIO 10 301JIBIICHHS MUTOMOT Bar'l MiChKOTO HACEIICHHS Ta PO3IIMPEHHS MiCTa Ha MiBACHB 1 MIBACHHUI CXiJI,
JIe paHillie HaCeJICHHsI TPOKUBAJIO MaIo. B OCHOBHOMY 1€ OB’ s13aHO 3 OyIiBHUIITBOM HOBHUX JKATIIOBHX MACHUBIB B 0011a-
CTi, a TaKOX OYIIBHUIITBOM LIEHTPATBHOT MOMiKIiHIKH, ciryx0u ACAH, obracHoro ymnpasniaas ocBiti. Crocrepiramacs
«BTEYA JIO LIEHTPY», IO TPU3BENIO JI0 IOMITHHX 3MiH Y CTPYKTYpi 3emiieKoprucTyBaHHS Mixk 2016 Ta 2022 pokamu Biamo-
BiJTHO JIO TEMIIiB 3pOCTaHHA ypOaHi3amii Ta eKOHOMIYHOTO pO3BUTKY. Po3mmidpoBka po3noaiIbHUX 3HIMKIB PETiOHY TO-
Kasye, IO 3a MIeCTUPIYHUIA Tepion BigOymocs 301IbIICHHS IO HaceneHnX MyHKTIB. Jlo 2016 poky HaceneHi MyHKTH
3aiiMaroTh 22,4% Tepuropii Micta, a 10 2022 poky — 39%. 3 34% no 32,9% 3MeHmmIach 3arajipHa IDI0IIa JTiCO-3aIoBiI-
HOro (OoHAY. Y CTaTTi BIIepIIe OMHCAHO YpOaHICTHYHI Ta TepuTopianbHi TpaHcopmarii [llakiHcbKkoro palioHy B KOH-
TEKCTI 3pOCTaHHs HACEJICHHS 32 JIONIOMOTOI0 aHai3y BUsBIIEHHs 3MiH. [IpakTH4YHA LIHHICTh IOCIIDKEHHS TTOJISITAE B MO-
JKITMBOCTI BUKOPHUCTAHHSI OTO aITOPUTMY Ta METOIMKH JUIS TPOBEJICHHS aHAIOTIYHUX J0CIIKeHb B IHIIMX MicTax A3ep-
Oaiikany. Pe3ynbratu JOCIIIKEHHS € 3HaYy MU B KOHTEKCTI OOTPYHTYBaHHS periOHAJIbHUX 3aXO/IiB aJanTarii po3iiu-
PEHHSI MICT JI0 3pOCTaHHS HACEJICHHSI.

Knrouoesi cnosa: ypoanizayis, micmo Llaxi, Azersky, koegiyicum Kanna, 3pocmannsi Haceients, npocmopose nid-
HYBAHHS1, 3eMAEKOPUCTYBAHHS, GUAGIEHHS 3MIH, PO3POCMAHHA MICI.

BHecoK aBTOpIiB: BCi aBTOpM 3p0OUAKN PiBHMIN BHECOK Y L0 poboTy Hagiiwna 1 sepecHa 2023 p.
MpuitHaTa 6 anctonaga 2023 p.
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