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Abstract

Urbanisation in post-Soviet Central Asia has accelerated significantly over recent decades, reshaping demo-
graphic structures, land use patterns and socio-economic development trajectories across the region. Consi-
derable attention has been paid to the capital city of Tashkent, whereas the urbanisation dynamics of secon-
dary cities and their surrounding regions remain insufficiently explored in the academic literature. This study
addresses that gap by examining urbanisation processes in the Samarkand region of Uzbekistan during the
period 2010-2025. Urbanisation trends are analysed through an assessment of the relationships between
urban population growth, demographic changes and the socio-economic development of the region. The
study is based on official statistical data. The methodological approach includes correlation analysis, together
with cartographic analysis and GIS visualisation to identify spatial differences in the level of urbanisation.
The results indicate that urban population growth in the Samarkand region is driven primarily not by rural-
to-urban migration, but by internal demographic factors such as high fertility rates and a sustained natural
population increase (r = +0.967 between urban population and births). Urbanisation is closely associated
with growth in industrial output (r = 0.91); increased investment in fixed capital (r = 0.88); and intensified
construction activity (r = 0.89), together with rising employment and the expansion of the service sector. At
the same time, a reduction in agricultural land is observed, particularly in suburban areas, as reflected in the
inverse correlation between urbanisation and agricultural land area (r = —0.69). The findings demonstrate
that urbanisation in the region is following a gradual and internally-driven trajectory. The study highlights
the need for coordinated spatial planning and balanced land-use policies to ensure sustainable socio-econo-
mic development in the Samarkand region.

Keywords: urbanisation dynamics; urban transformation; socio-spatial transformation; socio-economic
development; demographic change; urban expansion; Central Asia.

1. Introduction

At the theoretical level, urbanisation is understood as a complex and multidimensional process
through which cities stimulate economic growth, redistribute labour, and concentrate economic
activity and population (Fathi Farzaneh & Masoumzadeh, 2023). The effects of urbanisation vary
depending on the patterns of urban growth and may differ significantly in terms of economic
performance and territorial sustainability (Gross & Ouyang, 2021). While it generates benefits
such as flexible labour markets, developed infrastructure, and accelerated innovation diffusion, it
also entails challenges including intensified competition, shortages of immobile factors, and
growing social inequalities (Tleuberdinova et al., 2024; Kireyeva et al., 2022). Recent global
research has highlighted strong linkages between urban expansion, land-use transformation, car-
bon emissions and institutional governance frameworks, while the concentration of innovation
and human capital in urban areas further reinforces economic growth (Li ef al., 2019; Wu et al.,
2020). In Central Asia, urbanisation processes are largely shaped by Soviet-era urban models, in
which cities historically functioned as administrative, industrial and cultural centres. The region
occupies a strategically important position between Europe and Asia and possesses significant
potential as a transit-oriented space facilitating flows of capital, goods and innovation (Makhanov,
2023; Junussova ef al., 2023). Empirical evidence suggests that countries with relatively low le-
vels of urbanisation, such as those in Central Asia, may experience higher marginal returns from
urban growth (Adams, 2022). However, with the exception of Kazakhstan, the economies of Cen-
tral Asian countries remain predominantly agrarian, with a substantial share of the labour force
engaged in agriculture, with only a relatively limited degree of urban-industrial transformation
(Guo et al., 2022). As a result, many settlements remain at the early stages of urbanisation, in
which the development of agglomeration mechanisms and economies of scale is of primary
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importance (Martinez et al., 2021; Evans et al., 2021; Dorward et al., 2025). In Uzbekistan, on-
going economic reforms, together with the rapid development of tourism and services, have si-
gnificantly accelerated urban growth (Jumanazarov et al., 2020; Sergeyeva et al., 2025a).

Samarkand has emerged as one of the country's major urban centres, driven by tourism, education
and infrastructure development. Similar dynamics of land-use transformation, functional specia-
lisation and spatial polarisation have also been observed in other regions, such as Bukhara (Ser-
geyeva et al., 2025b). At the same time, rapid urbanisation has intensified social and environ-
mental pressures, including housing shortages, infrastructure deficits and the expansion of infor-
mal settlements, highlighting the need for sustainable and inclusive urban policies (Correia Filho
et al., 2022; Veckalne & Tambovceva, 2023). Peri-urban areas are particularly dynamic, as they
are experiencing significant land-use change, including the conversion of agricultural land into
residential and industrial zones, a process documented through remote sensing and GIS methods
across various geographical contexts (Berdikulov et al., 2026).

Global research has made significant progress in understanding urbanisation dynamics across di-
verse geographical contexts. Studies on China have demonstrated how urban expansion is linked
to carbon emissions, economic development and governance transformation (Zhao et al., 2024;
Zhang et al., 2022; Yao et al., 2024), while research in Southeast Asia and Latin America has
examined land-use transformation, ecosystem services and the socio-environmental consequences
of rapid urban growth (Fan ef al., 2019; Liu ef al., 2021). In European contexts, urbanisation has
been analysed in relation to spatial restructuring, centre—periphery dynamics and urban resilience
(Gentile, 2018). These studies share a common methodological strength: they integrate demogra-
phic, economic and spatial dimensions within a unified analytical framework and apply quantita-
tive methods to identify statistically significant patterns and drivers of urbanisation.

Despite this growing body of global literature, research on Central Asia and Uzbekistan in parti-
cular remains comparatively limited in both scope and methodological rigour. Studies on urbani-
sation in the region tend to examine demographic, socio-economic and spatial dimensions sepa-
rately, and often lack the quantitative analytical frameworks that have become standard in inter-
national research. This gap is especially pronounced for the Samarkand region, where no inte-
grated study combining correlation analysis, GIS-based spatial mapping, and multi-dimensional
indicator frameworks has previously been conducted (Tojiyeva & Ibragimov, 2021; Kakharovna
et al., 2022). Our study therefore directly addresses this gap by employing an integrated quanti-
tative approach that mirrors methodological standards established in global urbanisation research.

The Samarkand region represents a particularly relevant case study due to its unique combination
of historical heritage, favourable geographical location and diversified economic structure, lin-
king agriculture, industry and tourism. Over the period 2010-2025, the region underwent signifi-
cant transformations, including sustained urban population growth, structural changes in econo-
mic activity, and notable shifts in land use (Ibragimov ef al., 2024).

The objective of the study is to identify and analyse the key factors determining the nature and
direction of urbanisation processes in the Samarkand region and to establish statistically signifi-
cant relationships between the level of urbanisation and the main demographic, socio-economic
and spatial indicators of regional development over the period 2010-2025. It addresses the follo-
wing research questions: (1) What are the primary demographic drivers of urban population
growth in the Samarkand region? (2) How is urbanisation associated with key socio-economic
indicators at the regional level? and (3) What spatial patterns of urbanisation differentiation can
be identified across the districts of the region?

3. Methods
3.1. Study Area

The Samarkand region is located in the central part of Uzbekistan, within the Zarafshan River
valley. The region covers approximately 16,400 km? and borders the Jizzakh, Navoi, Bukhara,
Kashkadarya and Surkhandarya regions, as well as Tajikistan to the south-east. Its geographical
position has historically supported the development of settlement networks, trade routes, agricul-
ture, tourism and regional economic connections. A map of the study area illustrating the admi-
nistrative boundaries, urban settlements, and key spatial characteristics is presented in Figure 1.

Administratively, the region includes 14 districts and major urban settlements, including Samar-
kand city and Kattakurgan city (Table 1). Samarkand city is the regional centre and one of the
largest and most historically significant cities in Uzbekistan. By 2025, the population of the region
had reached approximately 4.3 million people, making it one of the most densely populated re-
gions of the country.
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Figure 1. Research Area. Source: Authors' preparation based on official administrative data.
Table 1. Urban Settlements in the Samarkand Region.
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Samarkand Region (Total) 16.77 14 11 2 88 1,126 1,899 4,297.5
Samarkand city 0.120 - 1 1 3 215 - 595.8
Kattakurgan city 0.015 - 1 1 1 36 - 95.9
District
Akdarya 0.389 1 - - 10 35 105 177.2
Bulungur 0.765 1 1 - 3 55 143 206.9
Jomboy 0.547 1 1 - 5 38 152 194.1
Ishtixon 0.718 1 1 - 12 62 165 282.2
Kattakurgan district 1.393 1 - - 8 69 172 299.8
Qoshrabot 2.160 1 - - 2 45 137 144.4
Narpay 0.442 1 1 - 3 57 133 231.6
Payariq 1.287 1 2 - 9 65 210 279.8
Pastdargom 0.870 1 1 - 12 107 162 392.1
Paxtachi 1.376 1 - - 7 59 132 154.5
Samarkand district 0.432 1 - - 2 74 91 278.6
Nurobod 4.862 1 1 - 1 39 95 165.8
Urgut 1.120 1 1 - 7 120 115 572.6

Source: Compiled by the authors based on statistical data.

The economy of the region is diversified and includes agriculture, industry, construction, tourism,
trade, education and services. The central and south-eastern districts, especially Samarkand, Bu-
lungur, Jambay, Tayloq and Urgut, demonstrate higher population concentration and stronger ur-
ban functions. In contrast, the northern and western districts remain more rural and agriculture-
oriented. This spatial heterogeneity makes the Samarkand region a suitable case for analysing
urbanisation transformation and socio-economic links.

3.2. Data Sources

The empirical foundation of the study was based on official statistical data published by the State
Committee of the Republic of Uzbekistan on Statistics for the period 2010-2025 (State Committee
of the Republic of Uzbekistan on Statistics, 2010-2025). This time span was selected for two
reasons: it captures the full cycle of institutional and economic reforms initiated after 2016, and
it is sufficiently long to identify persistent urbanisation patterns and compare development trajec-
tories across different reform phases.

The dataset was compiled to reflect the multidimensional character of urbanisation and was orga-
nised into three thematic blocks corresponding to the principal dimensions of analysis: demogra-
phic, socio-economic and production—spatial (Table 2). All the indicators were obtained from the
State Committee of the Republic of Uzbekistan on Statistics and reflect annual data for the Sa-
markand region over the period 2010-2025.
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Table 2. Indicators Used in the Study, Organised by Analytical Block.

Block Indicator Unit
Demographic Urban population size Thousands inhabitants
Rural population size Thousands inhabitants
Total residential population Thousands inhabitants
Number of births Individuals
Number of deaths Individuals
Population density Inhabitants/km?
Socio-economic Volume of services provided Billion soums
Retail trade turnover Billion soums
Working-age population Thousands people
Number of employed persons Thousands
Higher education graduates Individuals
Per capita retail turnover Thousand soums
Production—spatial Industrial output Billion soums
Investment in fixed capital Million soums
Construction volume Billion soums
Number of small businesses Units
Agricultural land area Hectares

Note: The demographic block captures population dynamics and settlement structure; the socio-economic
block reflects labour market conditions and consumer activity; the production—spatial block assesses econo-
mic output, investment flows and land-use transformation.

The selection of indicators was informed by contemporary approaches in urban economics and
regional studies (Duranton & Puga, 2023; Koster & Thisse, 2024). Those chosen satisfy three
practical criteria: they reflect structural changes across demographic, social and economic
spheres; they are available as consistent annual time series; and they are widely applied in com-
parable regional urbanisation studies. In particular, natural population growth, employment, retail
turnover, industrial output, investment and agricultural land area have been used as core urbani-
sation indicators in studies examining post-Soviet and Central Asian contexts (Zhang et al., 2020;
Ma & Sun, 2020; Turemuratov ef al., 2024), as well as in broader comparative research on urba-
nisation and socio-economic development (Ciommi ef al., 2018; Polinesi et al., 2020). The use of
the urban population share as the key urbanisation indicator follows the approach recommended
by UN-Habitat and Eurostat (UN-Habitat, 2020; OECD, 2019) and has been adopted in analogous
regional-level analyses (Norimov, 2024).

3.3. Data Preprocessing

Before analytical procedures were applied, the dataset underwent multi-stage preprocessing. First,
missing observations in the time series were addressed using linear interpolation in order to pre-
serve the continuity of temporal trends. Second, year-to-year changes were examined for each
indicator to evaluate temporal stability and identify potential structural breaks or random fluctua-
tions. Third, since the indicators were measured in different units, all the variables were standar-
dised to a comparable scale using z-score transformation. For each indicator x, the z-score was
calculated as Equation 1.

Xi—X

M

Z<=
¢ o

where X; is the observed value in year /; x is the mean value over the study period; and o is the
standard deviation. This procedure eliminates the effect of differing measurement scales and al-
lows direct comparison of indicators across groups. Fourth, logarithmic transformation was ap-
plied to indicators exhibiting high year-to-year variability — most notably industrial production,
construction volume and investment in fixed capital — in order to reduce heteroscedasticity and
enhance the stability of temporal dynamics prior to correlation analysis.

3.4. Analytical Methods

Correlation analysis. To assess the relationships between urbanisation level and key demographic,
socio-economic and spatial indicators, the Pearson correlation coefficient was employed. For the
two variables X and Y observed over n time periods, the coefficient was calculated as Equation
2.

=X - X V)

r =
JEon - B ST
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where X and Y are the respective sample means. The coefficient r ranges from —1 to +1, withva-
lues close to +1 indicating a strong linear relationship, and those close to 0 indicating the absence
of a linear association. The results are presented in the form of correlation matrices for each ana-
lytical block (demographic, socio-economic and production—spatial). Following the approach re-
commended in recent methodological literature (Caminiti et al., 2026; Espey et al., 2024), only
the lower triangle of the symmetric matrix is reported in order to avoid redundancy and improve
visual clarity. Statistical computations were performed using STATA 17.0.

Spatial analysis. To examine territorial differences in urbanisation and socio-economic develop-
ment across the 14 districts of the Samarkand region, spatial analysis was conducted using ArcGIS
10.6. The spatial dataset included administrative boundaries, the distribution of urban and rural
populations, population density, indicators of natural population change and migration balance,
and selected socio-economic characteristics at the district level.

Statistical data (2010-2025) Spatial data (GIS layers) Stud)f area ‘
Source: Uzstat Source: OpenStreetMap, Samarkand region, Uzb'ekl'stan
geoportals Source: authors' compilation
A \4 A
[ Indicator selection — 17 variables across 3 analytical blocks J
A A Y
Demographic block Socio-economic block Production—spatial block

* Urban population size * Volume of services provided * Industrial output

* Rural population size * Retail trade turnover + Fixed capital investment

« Total resident population » Working-age population  Construction volume

* Number of births / deaths * Number of employed persons * Number of small businesses

* Population density (per km?) * Number of higher education * Agricultural land area (ha)

* Natural population increase rate graduates » Land use change dynamics

* Per capita retail turnover

Endogenous urban growth Economic concentration Spatial differentiation Land use transformation

Figure 2. Research Framework.

Thematic choropleth maps were produced for the following indicators: urbanisation level (share
of urban population in total district population), population density, natural population increase
rate, net migration balance, and projected urbanisation trajectories to 2040. For each mapped in-
dicator, values were classified into five intervals using the natural breaks (Jenks) method, which
minimises within-class variance and maximises between-class differences, thereby ensuring that
district boundaries reflect meaningful spatial discontinuities rather than arbitrary quantile
thresholds. To identify the spatial typologies of districts, a classification was applied based on two
dimensions: the level of urbanisation and the dominant demographic dynamic (natural increase
versus migration-driven growth). This produced four district types: (1) highly urbanised with sus-
tained natural growth; (2) moderately urbanised with mixed demographic drivers; (3)
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predominantly rural with positive natural population growth; and (4) peripheral rural with nega-
tive migration balance. The resulting typology is presented cartographically in Figures 3 and 4,
and serves as the spatial framework for interpreting the correlation results reported in Section 4.
The overall research framework and analytical workflow are summarised in Figure 2.

Population and urbanisation forecasting. To project urbanisation trajectories at the district level
up to 2040, the trend extrapolation method was applied based on the annual time series of urban
population share for each of the 14 districts over the period 2010-2025. For each district, a linear
regression model was fitted to the observed urbanisation trend, and the resulting slope coefficient
was used to extrapolate the urban population share forward to 2040 under a baseline scenario
assuming continuation of current demographic and economic trends.

The forecasting procedure consisted of three steps. First, the annual rate of change in urban po-
pulation share was calculated for each district individually in order to account for district-level
heterogeneity in urbanisation dynamics, rather than applying a uniform regional rate. Second,
linear extrapolation was applied separately for each district using the equation 3.

Ui=Uo+ bt 3)

where Ut is the projected urban population share in year t; U0 is the observed share in the base
year 202; b is the estimated annual rate of change derived from the 2010-2025 trend; and t is the
number of years beyond 2025. Third, the resulting district-level projections were mapped using
ArcGIS 10.6 and classified into four urbanisation trajectory groups: accelerated urbanisation (pro-
jected share exceeding 70% by 2040); moderate urbanisation (50—70%); stable mixed (30-50%);
and predominantly rural (below 30%). It should be noted that these projections represent a base-
line scenario and do not account for potential policy interventions, economic shocks or structural
breaks in demographic trends. They are intended to illustrate spatial tendencies rather than to
provide precise quantitative forecasts.

4. Results
4.1. Demographic Factors of Urbanisation

The demographic analysis shows that urbanisation in the Samarkand region is strongly associated
with natural population growth. During the period 2010-2025, the total population of the region
increased from 3.119 million to 4.315 million. This growth was accompanied by an increase in
both urban and rural populations, indicating that urbanisation in the region is not based on rural
depopulation, but on simultaneous population growth across settlement types.

All the key demographic indicators showed very high positive correlations with urban population
size, as detailed in the time series presented in Table 3. The demographic results confirm that the
urbanisation process in the Samarkand region follows an endogenous model. Urban population
growth is primarily driven by natural population increase rather than large-scale migration from
rural to urban areas. Figure 3 illustrates the district-level distribution of urban and rural popula-
tions, providing a spatial reference framework for comparing urbanisation patterns with the sta-
tistical relationships identified through the correlation analysis.

In many districts of the Samarkand region, the fertility rate exceeds the mortality rate, resulting
in a positive natural population increase. The intensity of natural population change varies across
the region and is generally higher in areas with a younger population age structure (Figure 4). The
positive natural population growth is associated with several factors: (1) the predominance of a
young population; (2) the persistence of traditional reproductive norms, including early marriage;
(3) the preservation of rural lifestyles despite the rapid pace of urbanisation; and (4) the fact that
urban population growth in the Samarkand region is not accompanied by a sharp decline in the
rural population, which helps to maintain an overall positive demographic balance.
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Figure 4 shows the spatial distribution of demographic indicators in the Samarkand region for
2025, indicating that demographic processes were developing unevenly. In the central and south-
eastern districts, population concentration was higher and a positive natural population increase
was being maintained. In contrast, the northern and south-western peripheral districts were cha-
racterised by lower fertility rates and were experiencing population outflows, which is reflected
in a negative migration balance.

The correlation matrix presented in Figure 5 clearly illustrates the nature of the statistical rela-
tionships between the size of the urban population and key demographic indicators in the region
over the period 2010-2025. These indicate the presence of very strong associations between the
variables, confirming the close interdependence between demographic change and urbanisation
processes. The correlation matrix shows that very strong statistical relationships exist between the
urban population size and the main demographic indicators. Nearly all correlation coefficients
exceed 0.9, indicating a synchronous pattern of demographic change in the region during the pe-
riod under review.
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Figure 5. Correlation Matrix Showing Relationships Between Urban Population and Selected Demographic
Indicators in Samarkand (2010-2025).

Particularly strong relationships can be seen between urban population growth and total popula-
tion size, together with population density. This suggests that urbanisation processes in the Sa-
markand region are mainly developing not through a simple redistribution of population between
urban and rural areas, but under conditions of simultaneous demographic growth and increasing
settlement density. High correlation values with fertility indicators confirm the key role of natural
population increase as one of the principal drivers of urbanisation dynamics.

At the same time, a stable positive correlation between urban and rural population sizes reflects
the specific demographic development pattern of the region, in which urban growth is not accom-
panied by a sharp decline in the rural population. This points to the persistence of close functional
linkages between urban and rural territories and to the gradual, evolutionary nature of urbanisa-
tion, rather than its abrupt or discontinuous manifestation.

On the basis of the time series presented in Table 3, the relationship between urban population
growth and key demographic indicators — total population size, rural population size, numbers of
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births and deaths, and population density — was analysed. The assessment was made using the
Pearson correlation coefficient.

Table 3. Demographic Factors (2010-2025).

Resident population  Village population

Increasing population

Year (1000s) (1000s) Number of births Number of deaths density (1 km?)
2010 3,119.0 1,958.7 75,213 14,262 186
2011 3,270.8 2,068.2 73,903 14,605 195
2012 3,326.2 2,025.0 74,137 15,002 198.3
2013 3,380.9 2,068.2 82,390 15,227 201.6
2014 3,445.6 2,120.8 87,833 15,381 205.5
2015 3,514.8 2,177.7 88,649 15,895 209.6
2016 3,583.9 2,228.6 88,295 16,146 213.7
2017 3,651.7 2,278.9 89,956 16,661 217.8
2018 3,720.1 2,329.3 98,909 16,254 221.8
2019 3,798.9 2,384.2 100,656 16,444 226.5
2020 3,877.4 2,439.1 101,414 18,404 231.2
2021 4,031.3 2,548.2 110,455 18,808 235.4
2022 4,118.2 2,605.2 111,505 19,272 240.4
2023 4,208.5 2,665.6 113,986 19,388 245.6
2024 4,297.5 2,726.9 110,865 18,854 251
2025 43153 2,738.70 110,900 18,800 256.3

Source: Compiled by the Authors Based on Statistical Data.

The relationship between urban population size and population density was found to be almost
maximal (r = +0.97). This indicates that urban growth in the Samarkand region occurs primarily
through the intensification of already developed areas, rather than through active territorial ex-
pansion. In other words, cities are “growing inward,” concentrating their population within exis-
ting settlements. Such a model is consistent with contemporary global trends, in which compact
and higher-density urban development is playing an increasingly important role. Based on the
provided data, Pearson correlation coefficients (r) were calculated between the key indicators. All
correlations were positive and very high (r > 0.90), confirming a strong linear interrelationship
between the processes. Between urban population size and total population of the region, the cor-
relation coefficient was r = +0.998 (12 = 0.996, meaning that 99.6% of the variance is mutually
explained). This indicates that growth in the region’s total population is almost entirely reflected
in the growth of the urban population. Between the urban and rural population sizes, the correla-
tion is also very high (r = +0.992, r* = 0.984, or 98.4% of the variance explained). Unlike the
classical urbanisation model associated with rural depopulation, the Samarkand region demons-
trates parallel population growth in both urban and rural areas.

High fertility rates and sustained natural population growth have generated significant demogra-
phic pressure. In cities, these processes are more intense due to increasing population density. In
the urban areas of the region, demand for social and economic infrastructure has risen, leading to
emerging challenges in the provision of schools, hospitals, kindergartens and employment oppor-
tunities. The correlation coefficient between the size of the urban population and the number of
births equals r = +0.967 (r? = 0.935, i.e. 93.5% of the variance explained). The relationship bet-
ween the urban population size and number of deaths in the Samarkand region is also very strong
(r=+0.964, 1> = 0.929, or 92.9% of the variance explained), although it is slightly weaker than
that observed for births. The absolute number of deaths increased in parallel with population
growth; however, relative mortality rates (per 1,000 inhabitants) have declined in recent years,
reflecting improvements in living conditions and healthcare quality. The demographic dynamics
of the region are characterised by exceptionally strong interrelationships between key indicators,
with r values ranging from +0.964 to +0.998. This implies that urban development planning
should take into account ongoing natural population increases, rising settlement density, and the
need to maintain balanced linkages between urban and rural areas.

These relationships suggest a clear causal chain: sustained high fertility — rooted in the region's
young age structure and traditional reproductive norms — generates continuous natural popula-
tion growth, which in turn increases the absolute size of the urban population without requiring
large-scale rural-to-urban migration. Rising settlement density follows as a consequence, as po-
pulation growth is concentrated within existing urban boundaries, rather than triggering territorial
expansion.

4.2. Relationship Between Urban Population Size and Social Factors

The interaction between social factors and urban population growth plays an important role in
understanding contemporary urbanisation processes. This subsection examines how the social
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characteristics of the region are associated with changes in the size of the urban population. The
main social indicators used in the analysis are presented in Table 4.

Table 4. Social Factors (2010-2025).

Year Volume of services pro- Number of ora- Workin Per capita turno-
vided by main types of Retail turnover gra 0 £32¢  Number of em-  ver by district
i’ . . s - duates of higher edu- population .
economic activity (billion (billion soums) AN ployed (1000s) (current prices,
cation institutions (1000s)

soums) thousand soums)
2010 1,799.30 1,683 5,971 1,807.50 1,229.9 526.8
2011 2,336.90 2,208.5 6,853 1,894.90 1,269.8 669.6
2012 3,080.70 3,030.1 4,878 1,936.20 1,314.4 903.5
2013 3,983.40 3,846.7 5,299 1,966.20 1,357.3 1,127.00
2014 5,065.90 4,890.1 5,708 1,995.80 1,402.5 1,405.10
2015 5,832.90 6,078.2 5,917 2,024.70 1,443.9 1,712.50
2016 7,200.50 7,605.2 5,986 2,048.10 1,485.1 2,102.10
2017 8,343.20 8,973.5 6,417 2,069.40 1,523.1 2,436.70
2018 10,043.50 11,123.1 6,869 2,092.50 1,463.3 2,965.10
2019 12,786.80 13,877.3 6,842 2,108.20 1,455.8 3,625.20
2020 14,086.10 16,816.8 7,165 2,120.70 1,418.3 4,298.30
2021 18,259.00 19,882 8,528 2,137.10 1,441.3 5,418.70
2022 22,953.60 25,342.5 8,962 2,155.60 1,479.80 6,219.20
2023 29,023.10 30,196.5 15,276 2,155.60 1,504.2 7,252.80
2024 58,875.70 34,963.3 16,218 2,326.3 1,534.7 8,445.00
2025 63,987.40 39,879.2 16,421 2,366.3 1,566.4 8,748.80

Source: Compiled by the Authors Based on Statistical Data.

The strongest relationships were observed between urban population size and indicators such as
the volume of services, retail trade turnover, the size of the working-age population, and retail
turnover per capita. This suggests that urban growth is accompanied by the active expansion of
the service sector, trade and consumer activity, as well as by the concentration of the economically

active population.

Figure 6 presents a correlation matrix illustrating the relationships between urban population size
and the principal social indicators in the Samarkand region. This indicates that most social cha-
racteristics are closely associated with urban population growth, pointing to the integrated and
multifaceted nature of urbanisation processes.

Urban population -
Volume of services -
Retail trade turnover -
Number of graduates -
Working-age population -
Employed population -

Per capita turnover -SEVE:¥)

Number of apartments -SRI

Figure 6. Correlation Matrix Between Urbanisation and Social Factors.
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A relatively weaker, yet statistically significant, correlation was observed between the number of
higher education graduates and level of urbanisation (r = +0.75), reflecting the growing impor-
tance of educational potential under urban population expansion conditions. The relationship bet-
ween urban population size and employment remains positive, although somewhat less pronoun-
ced (r = +0.88), which may indicate more complex and heterogeneous processes in the labour
market.

The results demonstrate that growth in the urban population of the region is closely linked to
socio-economic development and to increases in the quality and intensity of urban life. The cor-
relation matrix demonstrates a strong relationship between the level of urbanisation and key socio-
economic indicators. In particular, the growth of the urban population is closely associated with
an increase in retail trade turnover (r = +0.90), indicating a direct link between urban expansion
and the development of the consumer market. The correlation analysis indicates that urbanisation
processes in the Samarkand region are closely associated with key socio-economic indicators. A
strong positive correlation was observed between per capita retail trade turnover and employment
levels (r = +0.92), confirming the role of cities as the main centres of economic activity in the
region. Urban population size is strongly correlated with the number of people of working age (r
~+0.95) and with employment levels (r = +0.88), reflecting the concentration of labour resources
in urban areas. Population growth in the cities of the Samarkand region is positively correlated
with increasing housing demand (r = +0.86).

From a cause-and-effect perspective, the direction of these relationships is largely bidirectional.
Urban population growth generates demand for retail goods, services and labour, thereby stimu-
lating the expansion of the service sector and the working-age population concentration in cities.
At the same time, a growing service economy and rising per capita incomes attract further popu-
lation inflows and sustain the natural increase, creating a self-reinforcing cycle of urban demo-
graphic and economic growth.

4.3. Relationship Between Urban Population Size and Economic Factors

The correlation matrix presented in Figure 7 demonstrates that the growth of the urban population
in the Samarkand region is closely associated with the expansion of industrial production, increa-
sed investment and construction activity, together with the development of the service sector and
small-scale entrepreneurship. Correlation analysis revealed stable and statistically significant re-
lationships between the size of the urban population and key economic indicators, confirming the
pronounced city-centred nature of regional development.

Urban population -  1.00 0.91 0.80 0.88 -0.69 0.89 0.89 -1.0

-08

Industrial output volume - 0.91 1.00 0.91 0.99 0.99 0.98
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Figure 7. Correlation Matrix Between City Population and Economic Factors.
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The strongest relationship was identified between the size of the urban population and industrial
output, with a correlation coefficient of r = 0.91. This indicates that urban population growth is
primarily accompanied by the expansion of industrial activity in manufacturing sectors oriented
towards urban labour markets and infrastructure. A strong positive correlation was also observed
between urban population size and the volume of services provided (r = 0.80). This reflects the
service-oriented nature of urbanisation and the growing demand for trade, transport, social and
household services as the urban population increases. The relationship between urban population
size and investment in fixed capital is characterised by a high correlation coefficient (r = 0.88),
demonstrating the concentration of investment flows in urban areas. Investments are mainly di-
rected towards industry, construction and infrastructure, thereby strengthening the role of cities
as centres of economic growth. Urban population growth is closely linked to an increase in cons-
truction activity (r = 0.89). This indicates a direct response by the construction sector to rising
demand for housing, production facilities and infrastructure, particularly within cities and their
suburban areas. The positive correlation between urban population size and the number of small
business entities (r = 0.89) highlights cities as favourable environments for the development of
small-scale entrepreneurship. The concentration of population and consumer demand stimulates
entrepreneurial activity and contributes to the expansion of the service sector. At the same time,
a stable inverse correlation was identified between urban population size and the area of agricul-
tural land (r = —0.69), reflecting structural changes in land use under conditions of urbanisation,
whereby agricultural land is gradually replaced by residential development, industrial zones and
infrastructure facilities, especially in suburban areas.

Overall, the values of the correlation coefficients indicate that urbanisation in the Samarkand re-
gion is accompanied by the concentration of industrial production, investment, construction, ser-
vices and small businesses in urban areas, while simultaneously leading to a reduction in agricul-
tural land use. This process signifies a profound structural transformation of the regional
economy, in which cities are emerging as the primary centres of economic activity and spatial
development. The economic indicators used in the study and the corresponding statistical data are
presented in Table 5 for the period 2010-2024, as complete data for 2025 were not available at
the time of the research.

Table 5. Economic Factors (2010-2024).

. . . Area of Volume of Number of small
Volume of industrial Volume of Investments in . . .
o . . . agricultural construction businesses opera-
Year products (billion services provided fixed capital L.
soums) (billion soums) (million soums) erops works ting in the
(hectares) (billion soums)  region

2010 2,011.2 1,799.30 344 372,824.00 519.7 10,112
2011 2,485.6 2,336.90 407.9 353,246.00 745 10,918
2012 3,222 3,080.70 472.9 331,287.00 926.2 11,117
2013 3,880.1 3,983.40 623.3 360,247.00 1,214.50 11,918
2014 4,966.4 5,065.90 730 364,253.00 1,562.80 12,648
2015 6,095.5 5,832.90 912 360,227.00 2,010.60 12,860
2016 7,446 7,200.50 1,001.60 358,967.00 2,194.90 13,840
2017 9,242 8,343.20 1,189.50 351,249.00 2,342.40 13,981
2018 13,488.1 10,043.50 1,878.30 351,833.00 3,299.00 16,005
2019 15,783.6 12,786.80 2,674.90 328,107.00 4,527.20 19,629
2020 18,383.4 14,086.10 3,746.00 340,750.00 5,755.30 25,643
2021 22,8343 18,259.00 3,920.70 359,283.00 7,385.70 33,114
2022 29,188.6 22,953.60 4,642.50 336,799.70 8,895.40 40,724
2023 32,955.7 29,023.10 6,177.00 320,047.00 10,177.60 47,943
2024 36,817.3 58,875.70 6,972.10 320,041.00 14,017.10 37,398

Note: Data on investments in fixed capital and agricultural land area for 2025 were not available from official
sources at the time the study was conducted. Remaining 2025 indicators are reported in Tables 3 and 4.

The table outlines the key characteristics of regional economic development, which are employed
to analyse the relationship between urban population size and economic factors over the study
period. The economic development of the Samarkand region during the 2010-2024 period is cha-
racterised by growth in industry and the service sector, increased investment and construction
activity, together with a gradual transformation of land use. These trends demonstrate a close
relationship between urban population growth and the region's key economic factors.

The causal structure underlying these correlations reflects the dual role of urbanisation as both a
driver and an outcome of economic concentration. Investment in fixed capital and industrial ex-
pansion is partly attracted to cities because of their existing labour supply and infrastructure, ma-
king urbanisation a precondition for economic activity. At the same time, economic growth gene-
rates employment and income, which sustains population growth and accelerates urbanisation.
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The inverse relationship with agricultural land (r = —0.69) represents an irreversible structural
consequence: as urban and peri-urban areas expand, agricultural land conversion follows, parti-
cularly in districts adjacent to Samarkand city.

4.4. Spatial Differentiation of Urbanisation

GIS-based analysis shows that urbanisation in the Samarkand region is spatially uneven. The
highest levels are observed in central and south-eastern districts, especially around Samarkand
city and its neighbouring territories. These areas have higher population density, stronger trans-
port accessibility, more developed services, and greater economic activity. This spatial concen-
tration reflects several reinforcing factors: the historical role of Samarkand city as an administra-
tive, cultural and economic centre; superior transport connectivity along the Zarafshan valley cor-
ridor; and the agglomeration of educational, healthcare and industrial infrastructure, which attracts
both labour and investment flows to the core districts. In contrast, northern and western districts
remain more rural and agriculture-oriented. These areas have lower urban population shares, wea-
ker industrial development, and stronger dependence on agricultural land use. This spatial pattern
confirms the presence of a centre—periphery structure in the region. The lower fertility rates and
negative migration balances observed in these two districts suggest that population outflow is
driven by limited local employment opportunities and the gravitational pull of Samarkand city's
labour market, rather than by purely demographic factors.

The spatial distribution of urbanisation suggests that Samarkand city functions as the dominant
regional growth pole. Surrounding districts are increasingly influenced by suburbanisation, in-
frastructure development, labour-market integration, and land-use transformation. Peripheral dis-
tricts, however, remain less integrated into the urban economic system. The spatial pattern also
directly reflects the correlation results reported in Section 4.1: the inverse relationship between
urbanisation and agricultural land area (r = —0.69) is most pronounced in peri-urban districts sur-
rounding Samarkand city, where residential and industrial expansion has systematically displaced
agricultural land since 2010, while peripheral districts have maintained larger agricultural areas
precisely because urban expansion pressure there remains limited.

5. Discussion

Urbanisation processes in the Samarkand region are closely interconnected with demographic,
socio-economic and spatial conditions. The study findings demonstrate that urban population
growth over the period 2010-2025 was driven primarily by natural increases, rather than rural-to-
urban migration, with correlation coefficients between urban population size and birth rates
reaching r =+0.967. Urbanisation is also closely associated with the expansion of industrial output
(r=0.91), investment in fixed capital (r = 0.88), construction activity (r = 0.89), and the service
sector (r = 0.80), while a pronounced spatial differentiation persists between the more urbanised
central and south-eastern districts and the predominantly rural northern and western periphery.

From a demographic perspective, the persistence of high fertility rates in the region can be attri-
buted to the predominance of a young population structure, the continuation of traditional repro-
ductive norms including early marriage, and limited progress in gender policy implementation
(Agadjanian & Makarova, 2003; Nickayin et al., 2022). These dynamics are consistent with de-
mographic transition theory, whereby regions at intermediate stages of transition experience sus-
tained natural growth prior to the convergence of birth and death rates (Billari, 2022). A particu-
larly distinctive feature of the Samarkand region is the simultaneous growth of both urban and
rural populations — a pattern that departs from the classical urbanisation model associated with
rural depopulation. In contrast, fertility rates in Kazakhstani cities are lower and urban growth
there is largely sustained by migration inflows (Akbar et al., 2025; Seitz, 2021), highlighting
structural differences in demographic regimes across Central Asia. The "growth without migra-
tion" model observed in the Samarkand region generates sustained pressure on housing, education
and healthcare systems, without the compensating effect of rural population decline. The strong
positive correlations between urban population size and key economic indicators are broadly con-
sistent with established theoretical frameworks which link urbanisation to agglomeration econo-
mies and economic concentration (Henderson, 2003). The concentration of economic activity in
urban areas reflects the role of cities as nodes of labour market development, infrastructure in-
vestment and consumer demand (Di Clemente ef al.,, 2021). The relatively weaker correlation
between urbanisation and higher education graduate numbers (r = +0.75) may reflect structural
limitations in translating educational attainment into local economic activity, a pattern observed
in transitional economies where skills mismatches constrain returns to human capital investment.
The inverse relationship between urban population growth and agricultural land area (r = —0.69)
is consistent with findings on peri-urban land-use transformation, whereby expanding urban
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boundaries systematically displace agricultural land in suburban zones (Follmann, 2022; Lachi-
ninskii et al., 2023; Alikhanov ef al., 2024). The spatial analysis reveals that economic activity
and population are concentrated in historically established urban centres — a pattern consistent
with findings on spatial polarisation in transitional economies (Rogerson & Giddings, 2021).

As presented in Figure 8, forecast projections indicate that Samarkand, Bulungur, Jambay and
Ishtikhan districts may reach urban population shares of 70-90% by 2040, forming zones of ac-
celerated urbanisation, while northern and western districts are expected to remain predominantly
rural and agriculturally oriented.
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Figure 8. Forecast of Population Density and Population Dynamics in the Samarkand Region up to 2040.

Table 6 provides a comparative overview of the key studies referenced in this discussion, sum-
marising their geographical context, primary urbanisation drivers, and the degree of consistency
with the present findings.

From a practical perspective, the findings highlight the need for coordinated spatial planning and
land-use regulation, particularly in peri-urban areas where demographic pressure and functional
transformation are most pronounced (Pradoto ef al., 2024). Investment in urban social infrastruc-
ture must be scaled to projected population trajectories, and differentiated regional development
strategies are needed to reduce intra-regional inequalities between core and peripheral districts.

The study has several limitations. The analysis relies exclusively on official statistical data, which
may not fully capture informal economic activity or unregistered population movements. The use
of the Pearson correlation coefficient assumes linear relationships, so non-linear dynamics may
therefore remain undetected. In addition, the regional level of analysis does not allow for fine-
grained intra-urban examination.

Several directions for future research are identified. First, future studies should incorporate pri-
mary field data, including household surveys and expert interviews, to complement official sta-
tistics and capture informal dimensions of urbanisation. Second, more advanced spatial econome-
tric methods, such as geographically weighted regression (GWR) and spatial autocorrelation
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analysis, would provide a more nuanced understanding of spatial heterogeneity in urbanisation
processes across districts. Third, remote sensing and satellite imagery could be integrated to mo-
nitor land-use and land-cover changes at higher spatial and temporal resolution, particularly in
rapidly transforming peri-urban zones. Fourth, longitudinal panel data models would allow for a
more rigorous examination of causal relationships between urbanisation and its demographic and
economic drivers. Finally, comparative studies across multiple regions of Uzbekistan and Central
Asia would further contribute to the broader theoretical understanding of urbanisation in post-
Soviet transitional contexts, enabling cross-regional generalisations and policy learning.

Table 6. Comparative Summary of Referenced Studies on Urbanisation Processes.

Authors (Year) Region / Urbanisation driver Key finding Consistent
Context with this
study?
Agadjanian and Ma- Uzbekistan ~ Natural increase; traditional ~ High fertility drives urban growth  Consistent
karova (2003) reproductive norms in post-Soviet transition
Billari (2022) Global Demographic transition Sustained natural growth at in- Consistent
termediate transition stages
Akbar et al. (2025) Kazakhstan ~ Migration-driven urban Urban growth sustained by mi- Divergent
growth gration inflows; lower fertility in

cities apart from Samarkand

Henderson (2003) Global Agglomeration economies Urban concentration linked to Consistent

economic growth and labour mar-
ket development

Follmann (2022) Peri-urban Land-use transformation Expanding urban boundaries sys-  Consistent
zones (glo- tematically displace agricultural
bal) land in suburban zones
Rogerson and Newcastle, Urban transformation and Urbanisation linked to spatial res-  Consistent
Giddings (2021) UK resilience tructuring and centre—periphery
differentiation
Di Clemente et al. Global Economic complexity Cities as nodes of labour market, ~ Consistent
(2021) infrastructure investment, and
consumer demand
Pradoto et al. (2024) Peri-urban Spatial planning and land- Coordinated planning needed in Consistent
areas use regulation peri-urban zones under demogra-

phic pressure

6. Conclusion

Urbanisation represents a key dimension of contemporary socio-economic transformation, sha-
ping demographic dynamics, economic activity and spatial development patterns at regional and
local levels. This study has provided a comprehensive analysis of urbanisation processes in the
Samarkand region of Uzbekistan by examining their demographic, socio-economic and spatial
dimensions over the period 2010-2025.

The results demonstrate that urbanisation in the region follows a predominantly endogenous tra-
jectory, driven primarily by sustained natural population growth, rather than by large-scale rural-
to-urban migration. As a result, urban population growth is not accompanied by rural depopula-
tion, but instead leads to increasing settlement density and intensified pressure on urban infras-
tructure and housing systems. Cities in the region function as key centres of employment, trade
and service activities, concentrating economically-active population groups and reinforcing the
role of Samarkand as a regional growth centre.

The analysis has also revealed pronounced spatial differentiation between urbanisation processes
within the region. Urban growth and population concentration are most intensive in the central
and south-eastern districts, while northern and western districts remain predominantly rural due
to lower levels of economic activity and a strong dependence on agriculture. Forecast results in-
dicate that these spatial disparities are likely to persist and intensify in the coming years, particu-
larly within suburban zones, where land-use change and functional transformation are most pro-
nounced.

From a practical perspective, the findings highlight the need for coordinated spatial planning and
balanced land-use policies aimed at managing urban expansion while preserving agricultural land
and ensuring the sustainable development of suburban areas. The methodological approach and
empirical results of this study may be useful for analysing urbanisation processes in other regions
of Uzbekistan and Central Asia that exhibit similar demographic and socio-economic characteris-
tics.
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