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IMPROVEMENT OF MIGRATION BALANCE FORECASTING WITHIN  
THE FRAMEWORK OF MANAGEMENT OF SOCIO-ECONOMIC  

DEVELOPMENT OF SINGLE-INDUSTRY TOWNS  
ON THE BASIS OF ARTIFICIAL INTELLIGENCE  
(on the materials of the Republic of Kazakhstan)

In this study, models of artificial neural networks of migration balances are developed in order 
to improve the efficiency of management of socio-economic development of single-industry towns 
in the Republic of Kazakhstan. Now there are no universal tools for forecasting indicators of socio-
economic development in general and characterising migration processes in particular. However, the 
volume of budget allocations to address human resources issues in single-industry towns, the creation 
of social facilities and the implementation of other activities that are significant for economic, social 
and infrastructural development, the direction of development of single-industry towns depend on the 
forecast of migration balance. In addition, the forecast of migration balance is important for identifying 
core areas and their subsequent priority development. In this article, a substantial analysis of researchers’ 
works is carried out, and it is determined that artificial intelligence models, in particular, the most 
adaptive neural networks are not used in forecasting the migration balance. The purpose of this study 
is to develop models of artificial neural networks of migration balance to improve the efficiency of 
management of socio-economic development of single-industry towns in the Republic of Kazakhstan. 
The result of the research is a methodological approach and a toolkit for forecasting the migration 
balance for single-industry towns in the Republic of Kazakhstan. The developed approach to forecasting 
and the toolkit are universal in the field of forecasting socio-economic indicators. In addition, the results 
described in the article can be used in other studies in the field of forecasting and planning. In particular, 
the developed toolkit can be used to assess the effectiveness of management decisions, for example, in 
the implementation of evidence-based policy for the development of single-industry towns.

Key words: migration balance, single-industry towns, artificial intelligence models, artificial neural 
networks, model error, management of socio-economic development.
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Жасанды интеллект негізінде моноқалалардың әлеуметтік-экономикалық дамуын  
басқару шеңберінде (Қазақстан Республикасының материалдарында)  

көші-қон сальдосын болжауды жетілдіру

Бұл зерттеуде Қазақстан Республикасы моноқалаларының әлеуметтік-экономикалық дамуын 
басқарудың тиімділігін арттыру мақсатында көші-қон сальдосының жасанды нейрондық 
желілерінің модельдері әзірленді. Қазіргі уақытта жалпы әлеуметтік-экономикалық даму 
көрсеткіштерін болжаудың және атап айтқанда көші-қон процестерін сипаттайтын әмбебап 
құралдар жоқ. Алайда, моноқалаларды дамыту бағыттары, моноқалалардағы кадрлық 
мәселелерді шешуге, әлеуметтік объектілерді құруға және экономикалық, әлеуметтік және 
инфрақұрылымдық даму үшін маңызды басқа да іс-шараларды іске асыруға бағытталған 
бюджеттік қаражат көлемі көші-қон сальдосының болжамына байланысты. Сонымен қатар, тірек 
аумақтарды анықтау және оларды кейіннен басым дамыту мақсатында көші-қон сальдосының 
болжамы маңызды. Бұл мақалада зерттеушілердің жұмысына мазмұнды талдау жасалды, оның 
нәтижелері бойынша жасанды интеллект модельдері, атап айтқанда, ең бейімделгіш нейрондық 
желілер көші-қон сальдосын болжауда қолданылмайтындығы анықталды. Бұл зерттеудің мақсаты-
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Қазақстан Республикасы моноқалаларының әлеуметтік-экономикалық дамуын басқарудың 
тиімділігін арттыру үшін көші-қон сальдосының жасанды нейрондық желілерінің модельдерін 
әзірлеу. Зерттеу нәтижесі Қазақстан Республикасының моноқалалары үшін көші-қон сальдосын 
болжаудың әдістемелік тәсілі мен құралдары болып табылады. Болжауға әзірленген тәсіл мен 
құралдар жиынтығы әлеуметтік-экономикалық көрсеткіштерді болжау саласында әмбебап болып 
табылады. Сонымен қатар, мақалада сипатталған нәтижелер болжау, жоспарлау саласындағы 
басқа зерттеулерде қолданылуы мүмкін. Атап айтқанда, әзірленген құралдар жиынтығын басқару 
шешімдерінің тиімділігін бағалау үшін қолдануға болады, мысалы моноқалаларды дамыту 
мақсатында дәлелді саясатты іске асыру кезінде.

Түйін сөздер: көші-қон сальдосы, моноқалалар, жасанды интеллект модельдері, жасанды 
нейрондық желілер, модель қатесі, әлеуметтік-экономикалық дамуды басқару.
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Совершенствование прогнозирования сальдо миграции  
в рамках управления социально-экономическим развитием моногородов  

на основе искусственного интеллекта (на материалах Республики Казахстан)

В данном исследовании разработаны модели искусственных нейронных сетей сальдо мигра-
ции с целью повышения эффективности управления социально-экономическим развитием моно-
городов Республики Казахстан. На данный момент не существует универсальных инструментов 
прогнозирования показателей социально-экономического развития в целом и характеризующих 
миграционные процессы в частности. Однако объем бюджетных ассигнований, направляемый на 
решение кадровых вопросов в моногородах, создание социальных объектов и реализацию дру-
гих мероприятий, значимых для экономического, социального и инфраструктурного развития, 
направления развития моногородов зависят от прогноза сальдо миграции. Кроме того, прогноз 
сальдо миграции важен с целью определения опорных территорий и их последующего приори-
тетного развития. В данной статье проведен содержательный анализ работ исследователей, по 
результатам которого определено, что модели искусственного интеллекта, в частности наиболее 
адаптивные нейронные сети не используются при прогнозировании сальдо миграции. Цель дан-
ного исследования – разработка моделей искусственных нейронных сетей сальдо миграции для 
повышения эффективности управления социально-экономическим развитием моногородов Рес-
публики Казахстан. Результатом исследования является методический подход и инструментарий 
прогнозирования сальдо миграции для моногородов Республики Казахстан. Разработанный под-
ход к прогнозированию и инструментарий являются универсальными в области прогнозирования 
социально-экономических показателей. Кроме того, результаты, описанные в статье, могут быть 
использованы в других исследованиях в области прогнозирования, планирования. В частности, 
разработанный инструментарий можно применять для оценки эффективности управленческих 
решений, например, при реализации доказательной политики с целью развития моногородов.

Ключевые слова: сальдо миграции, моногорода, модели искусственного интеллекта, ис-
кусственные нейронные сети, ошибка модели, управление социально-экономическим развитием.

Introduction
 
One of the important mechanisms of space de-

velopment is population migration. In the condi-
tions of the global world, population migration is 
changing its character. If at the beginning of the 
20th century the main population movements were 
associated with wars and emergencies, now popu-
lation migration is a conscious process of search-
ing for better living conditions and application of 
labor. 

At the same time, uncontrolled population mi-
gration can lead to a sharp contraction of economic 
space and loss of territorial integrity of the state. The 

task of the authorities is to manage migration pro-
cesses competently. For this purpose, it is necessary 
to understand what factors influence this process 
and to create conditions for controlling migration 
processes.

Unfortunately, now there is no clear strategy 
and policy for the development of single-industry 
towns in the Republic of Kazakhstan. The study of 
demographic trends in these cities plays a primary 
role in building a clear policy and development 
strategy in relation to these cities. In recent years, 
there has been a strong outflow of population from 
single-industry towns, which also creates a problem 
for their further development (Akhmetova, 2023: 
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86). Therefore, the study of demographic trends and 
conditions of demographic sustainability of single-
industry towns, as well as the development of mech-
anisms for managing these processes is becoming 
increasingly important. (Turgel, 2016: 30)

To solve the problem of migration in single-in-
dustry towns requires a significant amount of budget 
allocations to address human resources issues in sin-
gle-industry towns, the creation of social facilities 
and the implementation of other activities that are 
significant for economic, social and infrastructural 
development. Thus, the depreciation of water sup-
ply and sewerage networks in single-industry towns 
averages 61%, heat networks and power lines – 55% 
(Single-industry towns of Kazakhstan).

In addition, the forecast of migration balance is 
important for identifying core areas and their subse-
quent priority development.

Now there are no universal tools for forecasting 
indicators of socio-economic development in gen-
eral and migration balance in particular.

A substantive analysis of researchers’ works has 
shown that the most common methodological ap-
proaches to demographic forecasting, including the 
migration balance, are:

- time series modelling.
- construction of regression models.
However, the main disadvantage of these mod-

els is their poor adaptability to changes in the socio-
economic situation in the region, which negatively 
affects the accuracy of the forecast.

The aim of the study is to develop models of 
artificial neural networks of migration balances in 
order to improve the efficiency of management of 
socio-economic development of single-industry 
towns in the Republic of Kazakhstan.

Objectives of the study: 
- Determination of factors that have the strongest 

influence on migration in single-industry towns;
- development of a methodological approach for 

building a forecast of migration balance in single-
industry towns;

- development of tools for forecasting migration 
balance in single-industry towns;

- approbation of the developed toolkit in the 
management of socio-economic development of 
single-industry towns.

The object of this research is the system of 
management of socio-economic development of 
single-industry towns in the Republic of Kazakh-
stan, the subject is economic and managerial rela-
tions arising in the management of single-industry 
town development when using the migration bal-
ance forecast.

Literature review

Content analysis of the works of researchers has 
shown that the most common methodological ap-
proaches to forecasting migration processes are:

- On the basis of time series analysis and model-
ling.

- Based on the construction and use of regres-
sion models.

This conclusion is based on a substantive analy-
sis of the works of more than 30 researchers.

A significant contribution to the development of 
tools for building computer models of migration bal-
ances was made by: Meadows D. (Meadows, 2007: 
16), Simon G.A. (Simon, 1978: 7), Forrester J. (For-
rester, 2003: 56; Forrester, 1974: 35) and others. In 
the works, the aforementioned researchers also fo-
cused on the possibility of predicting migration pro-
cesses using regression and time series models. How-
ever, the main disadvantage of these models is their 
poor adaptability to changes in the socio-economic 
situation, which negatively affects accuracy.

A constructive analysis of studies, including the 
most recent ones from 2023-2024, which used artifi-
cial neural network models to build migration fore-
casts, showed that forecasts using neural networks 
are built either for the whole country or non-adaptive 
algorithms are used in the process of building neu-
ral networks. In turn, such neural network forecasts 
have little or no value for managing socio-economic 
development (Lutfiani,, 2018; Bheemanna, 2023; 
Mohammad, 2023; Rajesh, 2024).

In turn, the scientific problem can be defined as 
follows: the use of subjective, non-adaptive meth-
odological approaches to forecasting indicators of 
socio-economic development leads to high forecast 
error and, as a consequence, inefficient management 
of single-industry towns’ development. This has a 
negative impact on the living standards of the popu-
lation.

Methodology

The study is based on the data of the National 
Statistics of the Agency for Strategic Planning and 
Reforms of the Republic of Kazakhstan, works 
of researchers engaged in forecasting migration 
processes, as well as the development and analysis 
of algorithms for building artificial intelligence 
models.

Autocorrelation and cluster analysis are used in 
the development of tools for the formation of the 
information base, and artificial neural networks are 
used for modelling.
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Neural network training was chosen as a 
paradigm: with a teacher; learning rule – error 
correction; architecture – multilayer neural network; 
training algorithm (optimiser) – BFGS.

When building models of artificial neural 
networks with a teacher during error correction, the 
parameters of the neural network are determined 
in such a way that the actual data are as close as 
possible to the values obtained by the model, i.e. 
that the model error is minimal (it is found by the 
test sample). To solve the forecasting problem, it is 
important that the accuracy of the model is as high as 
possible, because the effectiveness of management 
of socio-economic development of single-industry 
towns depends on the accuracy of the forecast. 
Therefore, neural network training with a teacher 
and the learning-error-correction rule were chosen 
as the paradigm.

Only multilayer neural networks are needed to 
solve the prediction problem. After all, when a large 
number of parameters are taken into account, the 
probability of increasing the accuracy of modelling 
increases.

The BFGS algorithm was chosen as an 
optimizer because it is one of the most efficient 
ways of optimisation. Numerous publications on 
the effectiveness of using this algorithm to solve 
complex problems not only in forecasting, the use of 
this algorithm in modern neural network modelling 
systems proves the feasibility of its application 
within the framework of the study (Poluhin, 
2019:135).

The structure of the artificial neuron can be 
represented as follows (Fig. 1).

The scheme of operation of the BFGS algorithm 
is shown in Figure 2.

Figure 1 – Structure of an artificial neuron
Note: compiled by the authors 

Figure 2 – Schematic diagram of BFGS algorithm operation
Note: compiled by the authors
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The algorithm works as follows: at the first 
iteration the initial weight coefficients of links in the 
neural network are determined. At the next iterations 
the weight coefficients are changed until the value 
of the error on the test sample becomes minimal.

The STATISTICA software package version 13 
is used for forming the information base, building 
neural network models and forecasting on their 
basis.

Results and discussion 

Modern neural network models, compared to 
time series and regression models, are significantly 
more accurate, they have a more extensive degree 
of applicability and are more adaptive. Using 
specialised software products, they can be built by 
a specialist without in-depth knowledge of neural 
network modelling (Pattanayak, 2019:35).

Accordingly, to improve the accuracy of migration 
balance forecasts, it is advisable to use an approach 
based on the construction of artificial intelligence 
models, namely artificial neural networks.

The characteristics of the approach developed in 
the research are:

- Construction of models that conceptually 
work in a similar way as an expert who develops a 
forecast.

- Using only adaptive algorithms for building 
neural network models.

The approach based on the construction and 
use of neural networks can also be applied to the 
forecasting of other indicators. In particular, the 
neural network approach has already shown its 
usefulness in planning socio-economic development 
in the study devoted to the development of tools for 
forecasting one of the most important parameters 
of socio-economic development forecast – the 
consumer price index (Mezhov, 2022: 121)

At the first stage of building artificial intelligence 
models of migration balance for single-industry 
towns we took data on migration balance (thousand 
people) and factors affecting it from 2013 to 2022 
(Bureau of National Statistics):

- Unemployment rate (%).
- Real money income index (in per cent of the 

previous year).
- Water supply; sewerage system, control of 

waste collection and distribution.
- Dynamics of the number of hospitals (units).
- Dynamics of the number of pre-school 

institutions (units).
- Supply of electricity, gas, steam, hot water and 

conditioned air.

- Commissioning of residential buildings 
(thousand square metres of total area).

- Main indicators of school development in 
single-industry towns of the Republic of Kazakhstan.

- Number of colleges in single-industry towns.
- Dynamics of the number of universities.
- Number of organisations (enterprises) carrying 

out R&D (units).
- The level of youth unemployment of 15-28 

years old (%).
Then a correlation analysis was carried out to 

identify the factors that most strongly influence 
the migration balance. The results are presented in 
Table 1.

Table 1 – Correlation coefficients

Factor affecting the migration 
balance

Pearson correlation 
coefficient value

Unemployment rate -0,75778

Real money income index 0,742508
Water supply; sewerage system, 
control over waste collection and 
distribution

0,51744

Dynamics of the number of hospitals 0,823862
Dynamics of the number of pre-
school institutions 0,832707

Electricity, gas, steam, hot water and 
conditioned air supply 0,711722

Commissioning of residential 
buildings 0,39744

Key indicators of school 
development 0,29512

Number of colleges in single-
industry towns 0,428152

Dynamics of the number of 
universities 9,54E-17

Number of R&D organisations 
(enterprises) 0,378317

Youth unemployment rate 15-28 
years old -0,51174

Note: compiled by the author according to official data of 
the Bureau of National Statistics of the Agency for Strategic 
Planning and Reforms of the Republic of Kazakhstan when 
using correlation analysis

Based on the analysis of the relationship between 
the migration balance and the factors affecting it 
(Table 1), it can be seen that the strongest impact on 
migration in single-industry towns is:

- Unemployment rate.
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- Index of real monetary incomes.
- Dynamics of the number of hospitals.
- Dynamics of the number of pre-school 

institutions.

- Supply of electricity, gas, steam, hot water and 
conditioned air.

In the second stage, autocorrelation analysis was 
performed to identify the trend.

Table 2 – Autocorrelations on the dynamics of the indicator “migration balance”

1 time interval 2 time interval 3 time interval 4 time interval 5 time interval
0,53 0,74 0,54 -0,33 -0,26
0,72 0,53 0,51 -0,45 -0,27
0,63 0,66 0,67 -0,39 -0,29
0,70 0,73 0,51 0,30 0,23
1,00 1,00 1,00 0,20 0,11
0,58 -0,09 -0,11 0,04 -0,03
-0,59 -0,60 -0,45 -0,41 -0,49
0,03 -0,30 -0,24 -0,13 -0,38
0,16 0,34 -0,13 -0,41 -0,36
0,54 0,52 0,51 -0,42 0,44
-0,99 -0,06 0,12 0,01 -0,02
0,54 0,56 0,72 -0,38 0,22
-0,20 -0,40 0,18 -0,47 -0,33
-0,22 0,19 0,03 -0,41 -0,39
0,53 0,63 -0,06 0,16 0,16
0,81 0,63 0,35 0,19 -0,08
0,75 0,72 0,29 0,01 -0,18
0,20 -0,07 0,29 -0,01 0,18
0,71 0,24 -0,58 -0,04 -0,03
0,31 0,46 -0,49 -0,01 0,45
0,06 -0,05 0,51 -0,31 0,10
0,11 -0,40 0,32 0,17 0,10
0,82 0,57 0,80 0,81 0,55
0,54 0,81 0,53 0,73 0,78
0,58 0,68 -0,42 -0,31 0,40
0,61 0,25 -0,42 -0,34 -0,21
1,00 1,00 0,91 0,45 0,55

Note: compiled by the author according to official data of the Bureau of National Statistics of the Agency for Strategic Planning 
and Reforms of the Republic of Kazakhstan when using autocorrelation analysis

Table 2 shows the values of the autocorrelation 
coefficients (for example, on time interval 1, the 
values of the autocorrelation coefficients between 
the current migration balance value and its value 
a year ago are presented). Statistically significant 
autocorrelation coefficients are highlighted in color. 
The calculation of autocorrelation coefficients was 
carried out in order to determine on which lags 

there is a trend. As a result of the study, it was 
determined that on average there is a steady trend in 
3 time interval. Accordingly, it is necessary to build 
artificial intelligence models as follows: take 2 years 
to train the model, 1 year to test the model. In turn, 
the test sample is the closest values    to the forecast 
period. Experts build a forecast in a similar way. 
In addition to trend analysis, they assess the data 
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as close as possible to the forecast period in order 
to take into account changes in the socio-economic 
situation (within the study, this is a test sample).
According to the results of autocorrelation analysis, 
we can see that it is reasonable to build models using 
data from 2017 to 2022.

Then cluster analysis was carried out using tree 
clustering and k-means methods to identify data sets 
for further modelling.

Figure 3 – Graphical result of tree clustering
Note: compiled by the author according to official data of 

the Bureau of National Statistics of the Agency for Strategic 
Planning and Reforms of the Republic of Kazakhstan when 

using tree clustering

Figure 3 shows that it is reasonable to build 3 
or 4 clusters to make the clusters of high quality for 
further modelling. Let’s build 3 clusters.

Based on the analysis of Table 3, it can be seen 
that the clusters are obtained qualitatively because 
the distance from the center of the cluster is less than 
1 everywhere.

Then the construction of neural network models 
for the corresponding clusters was carried out.

Absolute verification of the models for the first 
cluster is presented in Figures 4-6.

Table 3 – Clusters

Single-industry town Distance from the center of 
the cluster

1 cluster

Abay 0,559895

Altai 0,232837

Zhanaozen 0,712964

Zhanatas 0,398467

Zhezkazgan 0,245847

Kurchatov 0,164480

Lisakovsk 0,275964

Ridder 0,423842

Saran 0,465675

Satpayev 0,737099

Serebryansk 0,225387

Stepnogorsk 0,402340

Tekeli 0,367825

Khromtau 0,459599

Shakhtinsk 0,785444

2 cluster

Aksai 0,488831

Balkhash 0,649816

Karatau 0,390149

Rudnyi 0,788840

Temirtau 0,760065

3 cluster

Aksu 0,880354

Arkalyk 0,999928

Zhitikara 0,529747

Karazhal 0,607448

Kentau 0,379088

Kulsary 0,564300

Ekibastuz 0,424137

Note: compiled by the author according to official data of 
the Bureau of National Statistics of the Agency for Strategic 
Planning and Reforms of the Republic of Kazakhstan when 
using clustering by the k-means method

The accuracy of the neural network models for 
the first cluster is more than 93 per cent.

Absolute verification of the models for the 
second cluster is presented in Figures 7-9.
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Figure 4 – Model quality assessment for 1 cluster (retrospective for 2020)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article

Figure 5 – Model quality assessment for 1 cluster (retrospective for 2021)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article



21

I.V. Mishchenko et al.

Figure 6 – Model quality assessment for cluster 1 (retrospective forecast for 2022)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article

Figure 7 – Model quality assessment for cluster 2 (retrospective to 2020)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article
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Figure 8 – Model quality assessment for cluster 2 (retrospective to 2021)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article

Figure 9 – Model quality assessment for cluster 2 (retrospective forecast for 2022)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan 
 and the results obtained from the neural network model constructed by the authors of the article
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The accuracy of the neural network models for 
the second cluster is more than 95 per cent.

The accuracy of the neural network models for 

the third cluster is more than 95 per cent.
The graph of the neural network for the 3rd 

cluster is presented in Figure 13.

Figure 10 – Model quality assessment for Cluster 3 (retrospective to 2020)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article

Figure 11 – Model quality assessment for cluster 3 (retrospective to 2021).
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article
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Figure 12 – Model quality assessment for cluster 3 (retrospective forecast for 2022)
Note: compiled by the author according to official data of the Bureau of National Statistics  

of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan  
and the results obtained from the neural network model constructed by the authors of the article

Figure 13 – Neural network graph for the 3rd cluster
Note: compiled by the authors
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The forecasts based on the application of 
neural network models are quite accurate, which 
confirms the feasibility of using the developed 
toolkit.

A medium-term basic forecast of the migration 
growth balance for single-industry towns for 2024-
2026 was built, provided that trends in the dynamics 
of factor attributes are preserved.

Table 4 – Forecast of migration balance

Monotown 2023 (estimate) 2024 
(estimate)

2025 
(forecast)

2026 
(forecast)

Abay -288 -296 -302 -333

Aksai -636 -706 -791 -854

Aksu -324 -339 -441 -481

Altai -135 -157 -162 -173

Arkalyk -851 -996 -981 -1308

Balkhash -893 -923 -981 -1177

Zhanaozen -0,5 -0,6 -0,7 -1

Zhanatas -543 -573 -622 -678

Zhezkazgan -222 -253 -315 -335

Zhitikara -489 -507 -637 -669

Karazhal -908 -914 -925 -995

Karatau -297 -348 -399 -463

Kentau -828 -1028 -1273 -1430

Kulsary -503 -564 -588 -641

Kurchatov -54 -75 -110 -120

Lisakovsk -269 -309 -342 -425

Ridder -254 -285 -343 -369

Rudnyi 270 313 405 417

Saran -75 -85 -100 -120

Satpayev 174 184 205 264

Serebryansk -58 -77 -89 -100

Stepnogorsk 15 18 18 19

Tekeli -0,26 -0,29 -0,49 -0,54

Temirtau -604 -780 -925 -986

Khromtau -246 -283 -324 -366

Shakhtinsk -273 -302 -333 -371

Ekibastuz -1340 -1384 -1424 -1592

Note: compiled by the authors based on the results obtained from the neural network models built by the authors
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Based on the analysis of Table 4, it can be 
seen that almost all single-industry towns are 
experiencing migration loss. To change the situation, 
it is necessary to implement effective economic, 
social, and other measures to reduce the migration 
loss of the population.

An increase is needed the level of wages, 
developing public-private partnerships, improving 
the business climate, and creating special 
preferential lending programmes for small and 
medium-sized businesses. These measures are the 
basis of a stimulating regional policy that leads to 
the emergence of “growth zones”. 

Social measures include measures of social 
support of citizens, maintaining a sufficient level of 
social attractiveness of territories. This is possible 
through the development of the school and pre-
school education system, provision of affordable and 
qualified medical care, etc. These measures are the 
basis of compensatory policy. These measures are 
the basis of the compensatory policy (Mishchenko, 
2024:81).

Infrastructural measures are among the key 
ones. They include the availability of necessary 
engineering and transport infrastructure.

Since the majority of single-industry towns in 
Kazakhstan are based on mining and processing 
specialisation, it is important to monitor the 
application of a system of measures to support 
environmental safety in these territories. 

It is also necessary to use measures of territorial 
marketing, creation of a positive image of the 
city. Such measures include assessment of the 
attractiveness of a single-industry town, ranking 
model of competitive advantages, opportunities and 
ways of their realization, a real image of a single-
industry town should be created by forming a 
desirable image (Akhmetova, 2023: 96).

According to the analysis conducted and taking 
into account the limited financial resources allocated 
for the implementation of regional policy, we 
propose the following. For single-industry towns of 
the first cluster it is proposed to pursue a stimulating 
policy. This group of territories is characterized by a 
more stable migration situation. Thus, in the single-
industry towns Rudnyi, Satpayev, Stepnogorsk 
migration growth is forecasted. These cities may 
become stronghold settlements. In order to maintain 
migration growth in these cities it is necessary to 
accelerate their development, which will be an 
impetus for the development of the regions in which 
they are located. 

For the 2nd cluster we propose the use of 
compensatory measures to smooth the level of socio-

economic development and create more favorable 
conditions for living in them.

The situation with single-industry towns of 
cluster 3 is the most difficult. We propose to use the 
shift method of work organization for this cluster. 
This will attract additional labor force and allow for 
a more rational regional policy on the distribution of 
limited financial resources. 

As for infrastructural and environmental 
measures, they should be implemented in all single-
industry towns of the Republic of Kazakhstan as 
basic. 

The developed toolkit can be applied not only for 
the purposes of forecasting, but also for the purposes 
of assessing the effectiveness of management 
decisions, in particular, when implementing 
evidence-based policy for the development of 
single-industry towns.

By influencing the factors it is possible to 
assess how migration in single-industry towns will 
change. Thus, using the toolkit, it is possible to 
determine how and by how much the factors need 
to be influenced in order for the migration balance 
to change by a certain number of per cent. This is 
important for the development of strategies, budgets 
and other development plans.

Accordingly, using the toolkit developed in 
the framework of the research, it is possible to 
create conservative (based on the assumption of 
unfavorable environmental situation, significant 
deterioration of external economic conditions, 
accelerating inflation, rising cost of financial 
resources), basic (assuming moderate development 
of the social sphere, economy and infrastructure) and 
target scenarios (assuming accelerated development 
of the social sphere, economy and infrastructure) of 
single-industry towns’ development and carry out 
quantitative assessment

The use of the toolkit will lead to the 
interconnection (balancing) of indicators in the 
development of single-industry towns’ development 
strategies.

Also on the basis of the toolkit it is possible to 
assess the effectiveness of management decisions 
aimed at the development of single-industry towns, 
which in turn will lead to optimization of budget 
expenditure allocation.

In order to accelerate the development of single-
industry towns, it is necessary to priorities the 
factors that have a significant impact on migration. 

It is for these single-industry towns it is advisable 
to develop plans for their long-term development. 
It is advisable to create special economic zones 
in single-industry towns, develop infrastructure, 
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including through the provision of infrastructure 
budget loans. This will have a positive impact on 
the growth of real incomes of citizens, reduction 
of unemployment. In turn, these factors have a 
maximum impact on the dynamics of migration. 

Agglomeration processes in our time are a 
natural process. Accordingly, priority attention 
should be given to support single-industry towns 
with a high concentration of production, educational 
institutions and scientific organizations. In turn, this 
will contribute to the innovative development of the 
economy, growth of employment and income of 
citizens.

Conclusion

Based on the above, the following conclusions 
can be drawn:

- Firstly, the factors that have the strongest 
impact on migration in single-industry towns have 
been identified. These are unemployment rate, real 
money income index, dynamics of the number of 
hospitals, dynamics of the number of pre-school 
institutions, supply of electricity, gas, steam, hot 
water and conditioned air;

- secondly, a methodological approach for 
building a forecast of migration balance in single-
industry towns was developed. The characteristics 
of the approach developed in the framework of the 
research are: building models that conceptually 
work in a similar way as the expert who develops 
the forecast, using only adaptive algorithms for 
building neural network models;

- Thirdly, a toolkit for building a forecast of 
migration balances in single-industry towns has 
been developed. The constructed models are very 
accurate. For some models the accuracy reaches 98 
per cent;

- Fourthly, the developed toolkit was tested in 
the management of socio-economic development 
of single-industry towns. It was determined that 
migration growth is forecasted in the single-industry 
towns Rudnyi, Satpayev, Stepnogorsk. These cities 
will probably become stronghold settlements. In order 
to maintain the migration growth in these cities it is 
necessary to accelerate development. By influencing 
the factors it is possible to estimate how migration in 
single-industry towns will change. Thus, using the 
toolkit, it is possible to determine how and by how 
much the factors need to be influenced in order for 
the migration balance to change by a certain number 
of per cent. This is important for the development of 
strategies, budgets and other development plans. In 
general, the development of single-industry towns 
requires prioritising factors that have a significant 
impact on migration.
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