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STUDY OF URBANIZATION PROCESS
AND TERRITORIAL PLANNING
(A CASE OF SHAKI DISTRICT)

The article is dedicated to the urbanization process of Shaki City and the change
in land use in territorial planning over the years. During the years 20162022, the
growth of the population in the region and the increase of the specific weight of
the urban population were studied, the population growth trend was analyzed for
twenty years, a comparative analysis was made by years and a forecast was given.
In order to determine the direction and extent of land use in the city, the relationship
between the city population's growth rate and the city's expansion was determined,
and the changes that occurred in the region during the use of the land were analyzed.
Statistical data were also used for this purpose along with Azersky satellite data. The
machine learning (ML) method, which is widely used in remote sensing systems,
was used, support vector machine learning (SVM) was applied, and the image
classification and processing process was carried out. Based on the obtained data, a
comparative analysis of the previous and current conditions was given, and the area
of changes in the area between the classified areas was calculated. At the same time,
the transitions between the categories during the use of the territory and the recent
changes in the direction of land use are indicated. The classification performance
was evaluated, user and producer accuracy analyses were determined and the Kappa
coefficient was calculated. In the end, the direction of the city's expansion and its
reasons were touched upon.

Keywords: urbanization, Shaki city, Azersky, kappa coefficient, population growth,
spatial planning, land use

INTRODUCTION

The process of urbanization is leading to sprawling development all over the
world today, which is gradually becoming a concern of researchers and planners.
In recent times, the rate of urbanization is expected to accelerate and by 2050, two-
thirds of the world's population will live in metropolitan centers (Brears, 2018). More
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than half of the world's population lives in cities, and it is unevenly distributed across
the globe (Fitawok, 2020). Thus, cities emerge from the common understanding and
exhibit a new feature: reduced density, dispersed development, poor accessibility,
and monofunctionality. However, the concentration of population in cities, in its
turn, includes a number of problems as well. As a result, issues such as the use
of scarce natural resources, the level of food supply, communication, energy, and
transportation arise. While all this is being done, land use is affected, so the problem
of the reduction of land reserves has also arisen in parallel.

From this point of view that there is a need for territorial planning in the region,
determination of the development level of urbanization, and the scale, quantity,
and quality of land use in the region. The majority of the studies carried out on the
region are based on the issues of territorial organization, the studies are determined
according to the tendency of the urban population to increase and decrease according
to statistical data. In terms of the content of the research, for the first time, the
following research questions were put forward for the purpose of studying the
direction and scale of the use of the territory in the city, as well as the habits of the
population.

1.What is the relationship between urban population growth and urban sprawl?

2. What changes occurred in the region during the use of the territory?

Literature review. Existing land use refers to the land used by humans for its
functional role such as economic activity, while land cover is the distribution of
biophysical properties such as vegetation, water, and soil on the earth's surface.
These two are mostly related to the sustainable economic development of the city
(Liping etc., 2018). Human activities on land are known as land use but are not
always related to land cover. Land use dynamics affect the availability of a number
of important resources, including water, soil, and vegetation. In many cases, this
effect is characterized as negative. Soil erosion occurs during land use, and it has
been determined that agricultural land cultivation at the expense of grasslands and
shrubs results in the greatest change in soil erosion intensity (Wassie, 2020).

Research on urban sprawl emerged in the 1960s and the term “urban sprawl” was
first proposed by Whyte (1958) in 1958. The process of urban sprawl originated in
France in the 1960s and since then has spread to peri-urban areas regardless of city
size with the growth of the economy, the rate of expansion has been gradual from
region to region.

In the early 21st century, governments at all levels greatly accelerated urban sprawl
by investing heavily in transportation and other public facilities. (Carruthers, 2002).
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. Whyte defined urban
sprawl as the therapeutic development of suburban areas. According to Gottmann,
sprawl is continuous expansion along the periphery of a metropolis. Anderson etc.
(1996) divides urban sprawl into the following categories by characterizing it as
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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 composite index
method to measure multidimensional aspects 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) (Lopez & Hynes, 2003). Ewing
etc. (2002) used principal component analysis to examine 22 highly correlated
variables, from which he formed four factors: residential density, the extent of
land use, the intensity of economic centers and urban centers, and accessibility of
neighborhood networks.

Later, new measurement models were developed by adding other factors to
measure the spreading coefficient. Torrens (2008) 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 etc, (2021) investigated the factors influencing
vertical urban expansion by building regression models from the perspectives of
government, developers, and residents. Das and Angadi (2021) combined spatial
landscape metrics and the Shannon entropy model to analyze the spatial assessment
of urban sprawl.

The third aspect is the study of the factors influencing the expansion of cities
mainly from two aspects: natural conditions and socio-economic conditions. Wang
etc. (2021) studied urban decentralization and urban renewal as socio-economic
factors behind urban expansion. Fan and Zhou (2019) believed that the expansion
of fiscal competition among governments in cities, competition for investment, and
competition for environmental promotion are factors that positively influence cities.
Multiple scenario simulations were used to explore the potential impact of population
growth and job sector expansion and planning on urban growth (Domingo etc. 2021,
Guite, 2019). With increasing population density in residential areas, Koprowska
et al. (2020) used hotspot analysis to demonstrate the relationship between urban
sprawl and increased accessibility of urban green areas. In general, factors affecting
urban expansion include natural conditions, governance, history, population,
economy, etc  The fourth aspect involves the study and measurement methods of
controlling urban sprawl. Based on the model of least resistance, Guan, etc. (2020)
simulated urban expansion conditions under different scenarios considering resource
level, environmental barriers, environmental resistance, and urban expansion, and
made suggestions to guide sustainable urban development. Gavrilidis et al. (2019)
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used hierarchical analysis to evaluate green space proposals in urban areas and
proposed a methodological framework for controlling urban sprawl. Menzori etc.
(2021) argued that governance capacity affects the geographic location of urban
growth and in turn the level of urban expansion. Tan etc. (2021) concluded that
innovation policies do not promote urban sprawl.

Research on urban sprawl is comprehensive and covers diverse areas such as
quantity, mechanism, impact, and regulation. The concepts put forward 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 regional and local development is based on the principles of
proper planning of the territory. The main issue is that the scarce territory and land
should be taken according to the above-mentioned requirements. The size of the city
affects population growth (Efendiyev, 2002, p. 65), 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.

MATERIAL AND METHOD

Study area. Shaki district is one of the largest regions of Republic of Azerbaijan
with a total area of 2488 km2 (Fig 1). The administrative region is surrounded by
the Dagestan Republic of the Russian Federation from the north, Oguz from the east,
Yevlakh from the south, and Gakh from the west. The city of Shaki belongs to the
group of middle-sized cities (Efendiyev, 2002, p. 211) and lags behind the cities of
Baku, Sumgait, and Ganja in terms of the level of social and economic development
and the number of its population.
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Figure 1. The area of the research
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Nevertheless, Shaki is considered a regional city center in the classification of
cities. However, in recent times, due to the increase in population, the formation of
large industrial areas, and the multi-sectoral industrial structure, it has been removed
from the group of medium cities and included in the group of big and large cities.

Data analysis. In the process of measuring the level of urbanization in the
region and determining the expansion area of the city, let's first look at the statistical
indicators of the district. In the database, the indicators of the Shaki population for
the years 2010 and 2020 were taken for analysis, and calculations were made on it.
It should be noted that the census of the population of the Republic was carried out
twice (1999 and 2009) and the information of 2020 is of an intermediate nature and
does not reflect the latest statistical information.

The population of Shaki district continued to increase in the years 2010-2020.
So, in 2010, the population was 173.5 thousand people, in 2015, this indicator
reached 182.7 thousand people, and in 2020, it reached 189.1 thousand people,
which means a 3% increase compared to the previous year. During the mentioned
period, a sharp decrease in the growth rate of the population is observed. In 2015,
the natural increase in the region decreased from 1852 people to 864 people in 2020,
which is a total decrease of 53%. Also, the natural increase of the population per
thousand people decreased from 10.2 to 4.6 people. On the other hand, the difference
between births and deaths is decreasing. In 2015, the number of births in the region
was 3,003, while the number of deaths was 1,151.

In 2020, the interval between 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 natural growth of the region (Fig 2).
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Figure 2. Population growth indicator of Shaki region over the years (thousands of people)
Source: Prepared based on statistical data (Statistical review (2021))

Most of the population of the region lives in villages and settlements. The total
number of urban population was 68.5 thousand people or 36.2%, and the rural
population was 120.7 thousand people or 63.8%.

15



ISSN 2303-9914 Bicuuk OHY. Cep.: I'eorpadiuni Ta reonoriuni nayku. 2023. T. 28, Bum. 2(43)

4000 y=-30,905x%?+ 508,3x
3500 RZ=0,7141
3000
2500
2000
1500
1000
500

1999 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

. DoZulanlar Olonlar ~ ——@=— Tabiiartim  «oeeeeees NonuHonmuanbHan {Tabiiartim)

Figure 3. Prediction of natural growth in Shaki district (people) using mathematical method
and statistical data (ASSC2021)

Looking at the natural growth rate of the region's population, we see that natural
growth is expected to decrease and growth per thousand people in 2021 is predicted to
decrease. This indicator is expected to drop below 500 people (Fig 3.) In accordance
with the natural growth rate, the process of building new settlements, commissioning
service areas and opening new workplaces is taking place in Shaki district. At this
time, the expansion of the city and the corresponding changes in the use of the area
occur.

Method

The study of territorial planning in the research district was conducted based
on the results obtained from satellite images (Table 1) and their processing. At the
same time, according to the information of the Statistics Committee, the dynamics
of the population, the trend of increase and decrease were studied and the population
forecast was given. The software used is ArcGis pro 2.8.4 version.

The sequence of the process and the development methodology are carried out
in Figure 4. Although the approach is the same, some parameters and/or additional
calculations may be performed later. It depends on the number of data used, the
indicators of the parameters, and the applied methods. For this purpose, the Azersky
satellite was used, and controlled classification was performed using the SVM
(support vector machine) method. The aforementioned SVM method is considered
the highest level of machine learning (ML) and is often used in the process of
processing satellite images.

Table 1
Satellite images were used. Source: Satellite images provided
by Azercosmos to support scientific research.
Name Achieved Name of Platform Type Band number
Azersky 2016 SPOT6 Orthophoto 4
Azersky 2022 SPOT7 Orthophoto 4
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Figure 4. The methodology and sequence of the satellite image decoding

The classification of the obtained data was carried out in the following way:

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

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

Bareland: Areas classified as low productivity, areas with no vegetation or broken
areas, temporarily formed due to the reduction of the flow area of rivers and not
suitable for any agricultural area, are included in this category;

Agriculture: This category includes agricultural fields and vineyards around the
city;

Water: Classification of the river flowing in the city of Shaki was carried out.

DISCUSSION

Analysis of classification results. After deciphering the distribution images
obtained in the region, it can be seen that there have been significant changes in the
share of individual areas in the general area (Fig 5).
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Figure 5. Satellite images of the Shaki region in 2016 and 2022
An image decoded by the SVM method by Author

Thus, the area of the settlements began to increase in the six-year period. 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 considered 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 framework of the «Social and economic development
of Regions» State program implemented in the region during the years 20162022,
including the newly commissioned facilities and service areas.

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

1 Settlement 727,7 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 3250,4 100
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A reduction in the total area of forest reserves is observed. So, if forests covered
349% 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 evaluated as a single forest area.

A decrease in the extent of arid and unusable areas 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 water 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 economic
development programs of the regions, the provision 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 destruction of forest resources has been prevented.
In areas classified as unusable and arid, there is a decrease in the total share of arid
areas due to the natural formation of bushes. In the indicated period, the number of
areas without wounds decreased by 20%.

The most serious change in the use of the territory 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 agriculture, 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 2.8% (89.6 ha), which is quite weak and not
to an appreciable extent.

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 6 shows the categorical
change, which shows the transition of land use in which sector to which sector
during 20162022 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.

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 satellite images. The main goal here is to
evaluate the accuracy of the thematic maps or classified images known as asthmatic
or classification accuracy. During the accuracy analysis, 100 points were determined
by the Random Forest method in the classified area, its user (UA) and producer
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Figure 6. Areas that have changed and remained stable
during the use of land in Shaki region (2016-2022)

accuracy (PU) were 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.

Confusion and Error Matrix

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

Total number of correct pixels in a category

Accuracy (Producer’s Accuracy) = Total number pixels of that category derived from reference data
Equation 1. Calculation of Producer’s accuracy
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.

Total number of correct pixels in a category
Accuracy (User’s Accuracy) =

Total number pixels of that category derived from reference data

Equation 2. Calculation of user accuracy
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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 (Equation 3) is
expressed as follows:

Sum of the diagonal elements
Overall Accuracy =

Total number of accuracy sites (pixels)

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

Table 3
Confusion Matrix obtained from classification
ClassValue | 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 0,85
Kappa analyses

Error and Confusion matrix is a discrete multivariate method used to evaluate
classification accuracy. Kappa analysis produces a kappa coefficient, or K, statistic,
with values ranging from 0 to 1. The kappa coefficient (K, ) is a measure of agreement
between two maps that takes into account all elements of the error matrix and is
defined by the following equation:

K, = (Obs — exp)/(1 — Exp)
Here,
Obs = Observed accuracy shows the overall accuracy reported in the error matrix
Exp =The expected accuracy coefficient represents the accuracy of the classification.
Looking at the Kappa coefficient after the classification 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 (Landis, Koch, 1977).

CONCLUSION

During the conducted research, it was determined that the share of the urban
population increased with the increase of the population in the Shaki region, and the
expansion of the city with the concentration of the rural population in the urban and
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Table 4
Ranking criteria of Kappa statistics (Landis & Koch, 1977)
S.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

suburban areas. The expansion of the city was recorded more in the south and south-
east direction, where the population lived sparsely before. The main reason for this
is the construction of new residential areas in these areas, the commissioning of the
building of the Central Hospital, Asan Service, and Regional Education Departments.
In accordance with the growth rate of urbanization and economic development, a
"flight to the center" was observed, and as a result, there were noticeable changes
in the structure of land use in 2016-2022. The most changes were recorded in the
increase of residential areas, correspondingly, the decrease of agricultural areas and
forest cover is observed.

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
surrounding 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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BUBUEHHS IMPOIIECY YPBAHI3AIIN
TA TEPUTOPIAJIBHOI'O IVIAHYBAHHS
(HA ITPUKJIAII IEKIHCBKOT'O PAUORHY)

Crarrs npucBsdena npouecy ypbarisauii micta Lllexi Ta 3miHi 3eMIeKOPHCTYBaHHS
B TepI/ITOplaJILHOMy IUTAaHYBaHHI MPOTSATOM 0araTbox POKiB. HpOTHFOM 20162022
POKiB OyJI0 BHBUEHO 3pOCTAHHS YMCEIHHOCTI HACEJICHHS B PErioHI Ta 30LIbIICH-
HSI TUTOMOI Baru MiCbKOTO HACEJICHHSI, IPOAHAJII30BAaHO TCHACHIIIO 3pOCTAaHHS Ha-
CeIIeHHs 33 JIBAIATh POKIB, IPOBEICHO MOPIBHSIBHMI aHAI3 32 POKAMHU Ta JaHO
1poro3. 106 BU3HAYHTH HAIPSIMOK 1 MACIITaOM 3eMJICKOPHCTYBAHHS B MICTi, Oy110
BH3HAYCHO B3a€MO3B'30K MIK TEMIIAMH 3POCTAHHS MIChKOTO HACEJICHHS 1 PO3IIH-
PEHHSIM MiCTa, a TAKOX ITPOAHANII30BaHO 3MIiHH, 11O BiJOYJIHCS B PETiOHI 3a Yac BU-
KOpHCTaHHS 3eMui. [lJist i€l MeTH Tako)K BUKOPHCTOBYBAJIMCS CTATUCTUYHI JIaHi 110-
psin 3 naHuMU cynyTHHKa Azersky. ByB BUKOpHCTaHMIT METO/I MAIIMHHOTO HABYAHHS
(ML), sixmii MIMPOKO BHKOPHCTOBYETHCSI B CUCTEMax JUCTAHIIIMHOTO 30H/yBaHHS,
3aCTOCOBAaHO MaIlIMHHE HaBYAHHS 3 ONOPHUMH BekTopamu (SVM), a Takox 3miit-
CHeHo mponec kiacudikarii Ta 00poOku 300pakeHs. Ha 0CHOBI OTpUMaHUX JaHUX
OyJio TIpOBe/IEHO MOPIBHIBHUI aHaNi3 MONEpEeJHIX Ta MOTOYHHX YMOB, a TaKOXK
PO3paxoBaHO IUIONTY 3MiH MIX KJIacH(iKOBaHMMHU paiioHaMH. Y TOH e Jac BKa3aHi
Mepexoi MK KaTeropisiMu B IIporieci BHKOPHCTAHHSA TepUTOpii 1 HelaBHI 3MIHU
B HAIPAMKY 3eMJICKOPHCTYBaHHS. Byla onineHa eeKTHBHICTS Knacnq)ncauu po-
BE/IEHO aHaJIi3 TOYHOCTI KOPUCTYBadiB i BUPOOHHKIB 1 pOBanOBaHI/II/I Koe(iIieHT
Kamra. 3pemniroro, Oyo 3a3Ha4€HO HAPSIMOK PO3LIMPEHHSI MicTa Ta HOTO MPUIHHH.

Kurouosi cioBa: yp6anizaris, micto Llexi, A3epOaiimkancekuii, koedimient Kar-
I1a, MPUPICT HACEIICHHS, TSPUTOpiabHE IUIAHYBAaHHSI, 36MJICKOPUCTYBAHHS.



