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Introduction: Urbanization refers to the migration of the population from rural to
urban areas, "the gradual increase in the share of the population living in cities," and the ways
in which each society adapts to changes. It is the process of transitioning from a rural to an
urban lifestyle [1]. By 2050, nearly 64 percent of Africa and Asia and 86 percent of the
developed world will be urbanized [2]. It is noteworthy that the United Nations recently
projected that nearly all global population growth from 2017 to 2030 will be absorbed by
cities, i.e., by nearly 1.1 billion new urban dwellers over the next 13 years [3]. Urbanization is
the process of population migration from rural to urban areas. This complex process occurs
under the influence of several factors. First, as a result of industrial development, new
industrial enterprises and production facilities emerge in urban areas. This leads to the
creation of new jobs and the migration of the population to cities for employment [4]. Second,
the introduction of modern technologies in agriculture may deprive part of the rural
population of jobs. This, in turn, leads to the migration of the rural population to cities [5].
Third, the development of the service sector also affects the urbanization process. In modern
societies, the service sector is becoming increasingly important, and new jobs are being
created in this sector. This factor also contributes to the migration of the population to urban
areas [6].

Although developing countries, including Uzbekistan, are also characterized by an
acceleration of the urbanization process, its mismanagement can lead to several problems [7].
As a result of poor management of the urbanization process, urban infrastructure may fail to
meet the demand for housing, and problems may arise in areas such as transportation, the
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environment, and social sectors. Therefore, it is crucial to manage and properly channel the
urbanization process [8]. Accurately assessing the degree of urbanization is essential for
several critical areas. Issues such as urban planning, infrastructure development, socio-
economic policy development, efficient use of resources, and prevention of environmental
problems require considering urbanization processes. Currently, the city of Samarkand,
located in the center of the Samarkand region of Uzbekistan, is significantly developed [9].
Due to the influx of population into this city and the high rates of urbanization, a number of
problems are emerging [10]. In particular, issues related to transport safety, the demand for
housing construction, and the obsolescence of existing streets are pressing concerns.
Moreover, one of the factors negatively affecting the significant development of the economic
environment is the migration of cheap labor from rural areas to urban centers. As a result,
there is a shortage of labor in the agricultural sector, and the overall economic activity of the
sector decreases [11]. As can be seen from the above, the issue of properly assessing and
managing the urbanization process is of urgent importance. This issue is directly related to
various areas, including urban development and infrastructure, addressing social problems,
rational use of resources, and ensuring environmental sustainability. Therefore, the
government must constantly monitor urbanization processes and pursue an effective policy
for managing them [12].

In forecasting the urbanization process, various indicators, statistical data from previous
periods, and methods used in practice are taken into account. These include population
growth rates, birth and death rates, migration processes, and economic activity factors.
Additionally, factors such as the standard of living, sources of income, number of jobs, and the
state of educational and healthcare institutions are also important in forecasting.

Data and Methods

Training Data

The Samarkand region is located in the central part of Uzbekistan, which has historical
cities and rich cultural heritage in Central Asia. It was established on January 15, 1938. This
region is located in the central part of the republic, in the basin of the middle course of the
Zarafshan River. Its borders are adjacent to the Navoi region in the west and northwest,
Jizzakh in the north and northeast, Kashkadarya in the south, and Tajikistan in the southeast.

Forming the dataset is one of the important steps in creating an artificial neural network
model. Within the scope of this research, necessary data sources were used to forecast the
degree of urbanization in the Samarkand region. Training sample data was collected from the
official website www.stat.uz of the State Statistics Agency under the President of the Republic
of Uzbekistan to create an artificial neural network model.

Artificial Neural Network Model:

In this research, an artificial neural network training model was tested to forecast the
degree of urbanization in the Samarkand region. The main goal was to maximize accuracy and
take into account the factors affecting urbanization.

Neural Network was used to identify non-traditional and non-linear relationships
present in complex datasets. It helped assess the impact of human activities and intangible
factors on the urbanization process.

y=f(Wx*x+b)

Volume 2, Issue 6, June 2024 ISSN 2181-2020


file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz

EURASIAN JOURNAL OF TECHNOLOGY

AND INNOVATION

Innovative Academy Research Support Center
Open access journal www.in-academy.uz

Where:

X - input vector

y - output vector

W - weight matrix

b - bias vectors

f - activation function

Since each model has its own advantages and disadvantages, combining them and
performing optimization allowed for more accurate forecasting of the degree of urbanization.

Data Preparation

As mentioned above, the official website of the State Statistics Committee of Uzbekistan,
www.stat.uz, was selected as the main source for analyzing the demographic, infrastructure,
and socio-economic indicators of the Samarkand region. From this source, 96 separate
datasets were used for the period between 2000 and 2022. A special method was employed to
identify the factors influencing the degree of urbanization. Specifically, 96 separate training
samples were used. To precisely identify the samples related to the urbanization process, a
correlation heatmap analysis was performed.

The correlation heatmap analysis method allows determining the degree of interrelation
between various factors. With the help of this method, 30 separate samples with a high
correlation with the degree of urbanization were identified. The application of such an
approach ensured the accuracy and reliability of the research.

During the research, a correlation heatmap analysis was conducted to identify the
factors influencing the degree of urbanization in the Samarkand region. The analysis revealed
that 30 training samples had a high correlation with the urbanization process. Subsequently,
each of these 30 samples was studied in-depth. During the detailed examination of the
samples, it was found that some data was incomplete. This could have negatively affected the
accuracy of the research. Therefore, 5 training samples with incomplete data were removed
from the research scope. The remaining 25 samples were recognized as the factors most
strongly influencing the degree of urbanization based on the results obtained from the
correlation heatmap (Figure 1).
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Figure 1. 25 training samples selected from the correlation heatmap.
In the following graph, we can see the increasing order of the degree of urbanization in
the Samarkand region relative to the population of the city of Samarkand.
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In the following graph, we can see the increasing order of the degree of urbanization in
the Samarkand region over the years.
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In the following graph, we can see the increasing population of the city of Samarkand
over the years. Here, we can witness a sharp increase in the population of the city of
Samarkand starting from 2008.
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Data Testing and Error Detection

During the research, it was decided to use an artificial neural network training model to
study more deeply the factors influencing the degree of urbanization in the Samarkand region.
For this, the data from the previously selected 25 training samples were used. The dataset
needed to be divided into training and test portions. For this purpose, the samples were split
into two parts - 90% for training and the remaining 10% for testing. Using the data from the
training part, the artificial neural network model was trained, and its performance was
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studied. The data from the test part was intended for testing and evaluating the model's
performance on new, unfamiliar data.

Root Mean Square Error (RMSE) The root mean square error (RMSE) is a performance
metric that measures the difference between the values predicted by the model and the
observed values.

N

Where:

n - number of observations

y - true observations

y - predicted observations

Forecasting Using the Neural Network Model

The neural network model is an artificial neural network model constructed similarly to
the human biological neural network, with the ability to learn and adapt. This model was also
trained and tested based on the data from the 25 important training samples. During this
process, 90% of the data was separated as the training part for training the model, and the
remaining 10% was separated as the test part for testing. Training the neural network model
and testing the model on real data took some time. As a result, the model's real and predicted
urbanization indicators were compared in a special table. As can be seen from this table, the
forecasts of the neural network model were very close to the real situation compared to other
models.

Randomly Forecasted Degree of Urbanization Actual Degree of
Sampled Urbanization
5 34.314 34.1
1 27.710087 27.9
7 35.33388 35.6

Additionally, the root mean squared error (RMSE) metric, which represents the overall
effectiveness of the model, was calculated. For the neural network model, the RMSE value was
only 0.44187. This is a significantly lower value compared to the RMSE values of other
machine learning models. Therefore, the effectiveness of the neural network model was found
to be very high.

RMSE = 0.44187
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Results

During the research, an artificial neural network model was used to analyze and forecast
the degree of urbanization in the Samarkand region. The experiments showed that the
artificial neural network model achieved the highest efficiency. The neural network model
was specifically trained based on the data from the previously obtained 25 training samples,
and its effectiveness was tested at a high level. Then, with the help of the model, the degree of
urbanization in the Samarkand region for 2023, 2024, and 2025 was forecasted. The forecast
results were presented in a special table format. This table reflects the urbanization indicator
for each year as a percentage. According to the forecasts, the urbanization process in the
Samarkand region will not change significantly over the next three years.

Ne Years Forecasted Degree of Urbanization
1 01.01.2023y. 38.042699%
2 01.01.2024y. 38.808788%
3 01.01.2025 . 38.915726%

These forecast results will help local authorities consider the potential consequences of
urbanization, develop appropriate measures, and take additional steps. Consequently, it
creates an opportunity to prevent problem situations in a timely manner and effectively
manage urban development.

Conclusion

In this research work, the problem of forecasting and analyzing the urbanization process
was solved using an artificial neural network method, taking the Samarkand region as an
example. Initially, the official data of the State Statistics Committee of the Republic of
Uzbekistan was used, and 25 important training samples related to the degree of urbanization
were identified. Subsequently, an artificial neural network model was built based on the data
from these samples, and its effectiveness was tested. The results showed that our artificial
neural network model had the highest accuracy and reliability, with an RMSE value of only
0.44187. Furthermore, with the help of the neural network model, the degrees of urbanization
in the Samarkand region for 2023, 2024, and 2025 were forecasted. According to this, the
urbanization process in the region will not develop at a very rapid pace, and an increase of
only 0.9 percent is expected over the three-year period. From the overall results, it can be
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concluded that the use of modern technologies and the artificial neural network method has
created an opportunity to more accurately forecast the urbanization process and analyze the
factors influencing it. Such approaches are crucial for governments and local authorities in
effectively managing urban development. Additionally, the experience gained during the
research can play an important role in forecasting and analyzing urbanization processes for
other regions. The new approaches applied in this field allow for the conservation of excessive
resources and the prevention of negative consequences of urbanization.

This research has made a significant contribution to developing methods for forecasting
and analyzing complex processes such as urbanization using an artificial neural network
model. In the future, work in this area should be further improved and implemented in
practice.
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