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Abstract: A comparative, diachronic analysis of urban population dynamics allows for the
identification of specific demographic trajectories influencing metropolitan expansion worldwide.
However, a wide-ranging characterization of long-term population trends in metropolitan areas
identifying sequential urban cycles with distinctive demographic dynamics is still incomplete. By
hypothesizing a trade-off between ‘fast’ and ‘slow” population dynamics that reflect ‘high” and
‘low” fertility regimes in both advanced and emerging economies, the present work investigates
the relationship between city size (considering absolute population) and population growth rate in
1857 metropolitan agglomerations (>300,000 inhabitants in 2014) of 154 countries across the globe.
Analysis covers a relatively long time period (1950-2030) and uses descriptive statistics (average and
coefficient of variation) of the spatial series of population growth rates derived from United Nations
demographics by metropolitan agglomeration and time interval. The results of our study indicate
that metropolitan growth was associated with highly variable rates of population growth, being
highly positive before 2000 and declining progressively in the subsequent decades. Despite important
differences at the regional scale, an inverse relationship between population growth and city size was
observed up to the late 1990s, with a higher spatial heterogeneity reflecting a moderate slowdown in
demographic dynamics during recent years. Rapid population expansion dependent on city size and
a higher spatial heterogeneity in growth rates insensitive to city size, evidence distinct metropolitan
cycles reflecting worldwide transition from high to low fertility, ageing, and more unpredictable
migration patterns.

Keywords: population trends; urban growth; global cities; world population statistics;
metropolization

1. Introduction

Continuous urbanization has occurred in the last century and is still evolving under the
differential influence of population growth and migration [1-5]. Long-term population growth
reflects socioeconomic transformations better than other territorial factors and processes [6-9]. Urban
expansion has been of long-standing interest to social science because of the association of urbanization
and demographic change with economic growth [10-13]. Short and long-term changes in population
growth at both local and regional scales were considered to identify metropolitan life cycles, defined as
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a time interval with consolidation and decline of a specific urban phase with a (more or less) clear
linkage with demographic dynamics, social trends and economic performances [14-16].

Ambiguity in the definition of sequential urban cycles was traditionally motivated by the fact that a
multitude of factors co-operate at different spatial scales, leading to new urban transformations [17-19].
At the same time, settlement expansion was progressively decoupled from population growth—with the
former advancing more rapidly than the latter—questioning the overall sustainability of contemporary
urban systems [20-22]. Relative city growth gives indication on demographic shifts at both local
and regional scale likely better than more accurate indicators in a spatially implicit context [23-25].
Analysis of urban growth by size class of towns would also contribute to understanding the stages of
metropolitan development in a given country [26-29]. Differential growth rates indicate the extent of
(internal and international) migration, and local changes in fertility and mortality rates [30-32].

City size (considering the absolute number of population at a given time point) is also regarded as
an important attribute influencing population growth [33]. Given the increased role of urban regions
in a globalized economy [34], it is expected that bigger cities will grow faster than smaller ones [35],
but this has been not found true in some cases [36]. More specifically, small towns are expected to grow
slowly compared to larger cities in the early phases of urbanization [37]. During late urbanization,
small towns are expected to grow more as a result of congestion and crowding in large and intermediate
towns [38]. However, other studies found that cities of different sizes grow at similar rates [39].

Time-series approaches in which present size is determined by past size are proposed with the
aim to explain city growth dynamics [27]. Being intrinsically linked with urban life cycle theories,
Gibrat’s law was frequently applied to city size and population growth rate, by hypothesizing that no
regular behaviour of any kind can be inferred between population growth rate and the initial size of
cities [40]. Mixed evidence in favour of a Gibrat’s law relating the population growth rate to city size
was proposed. In this regard, it was supposed that larger cities attract and maintain (political and
economic) hegemonic roles within national, continental or even world (urban) hierarchy. However,
other works indicate spatial patterns in contrast with the Gibrat’s law, i.e., a negative relationship
between city size and population growth rate, under the assumption that scale effects matter, i.e., the
growth rate of the biggest cities has less variance than the smallest ones [41]. This implies that smaller
cities may frequently grow faster than larger cities [28,35,42].

Unfortunately, cyclical urbanization models—often incorporating the predictions of Gibrat’s
law—reflect only partly the complex dynamics of worldwide urban development. While urbanization
has traditionally been understood as a by-product of economic development [43], this explanatory
framework fails to account for more specific phenomena, including “urbanization without economic
growth” observed in developing regions of the world and, less frequently, in some developed countries.
Under the assumption that metropolitan expansion is basically fuelled by population growth [27],
empirical evidence outlines the increasing importance of the ‘demographic dimension’ of urban growth
and the intimate linkage with more general processes, including — but not limited to — the second
demographic transition [44]. These studies also indicate that urban agglomerations do not show
a single evolutionary stage of urban development, with a coexistence of different developmental
waves, less regulated by fertility trends and more strongly dependent on international migration and
increasing residential mobility at both younger and older ages [45].

This interpretative framework contributes to link economic theory with historical approaches
grounded on a comparative understanding of the role of past cities” structure, being inherently
influenced by land-use policies stimulating or containing settlement expansion, and (more or less
strict) regulation of immigration [46]. According to Fox [47], “urbanization is better understood as a
global historical process driven by population dynamics associated with technological and institutional
innovations that have substantially improved disease control and food security in urban settlements
across the globe. These innovations first emerged in Europe in the eighteenth and nineteenth centuries
and were subsequently diffused through colonialism, trade, and international development assistance”.
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Understanding the latent linkage between urbanization and population dynamics at various spatial
scales revealed crucial when investigating demographic changes influenced by a mix of institutional,
political, economic, and cultural factors [13,48-50], and is particularly useful for policy purposes. Being
grounded on a wide-ranging comparison among cities, understanding urbanization processes relies, to
a large extent, on the availability of accurate and consistent information on the spatial distribution, size
and growth of metropolitan areas worldwide [51]. At the same time, (local and regional) developmental
strategies increasingly oriented toward sustainability should more effectively govern the apparent and
latent mechanisms of urban expansion, promoting a spatially balanced growth and an environmentally
sustainable enlargement of metropolitan regions. However, despite a rising interest in the role of
long-range urbanization on demographic processes around the world, a comparative knowledge of
long-term population trends in metropolitan areas is still partial and fragmented [34,37,52]. Owing
to the intrinsic conditions (e.g., social, cultural, political) of each urban context, contemporary cities
gave increasing evidence of new, multifaceted relationships between demographic dynamics and the
underlying socioeconomic context [43,53,54]. For instance, while the highest rates of population growth
in advanced economies were observed in the 1960s and the 1970s, more heterogeneous demographic
patterns characterize emerging countries and reflect inherent transformations in socio-spatial structures
and a persistent polarization in metropolitan and non-metropolitan areas [2].

A comprehensive understanding of developmental patterns in metropolitan regions worldwide
may therefore benefit from a long-term, comparative analysis of spatially explicit patterns of population
expansion. Results of this analysis allow identification of sequential phases of urban growth and decline,
informing policy design and implementation of a strategy for sustainable metropolitan development.
Analysis of urban cycles was traditionally based on a scheme interpreting urban development as a
sequence of separate stages of growth, starting from compact and dense urbanization and finishing with
amore complex and latent re-urbanization phase (Figure 1). In this regard, investigating the relationship
between city size (measures as total population) and city-level rates of population growth—considered
as a basic demographic indicator of regime shift—can provide the necessary background to achieve a
comprehensive overview of recent urban trends [55]. Deviations from the abovementioned scheme
may indicate more complex development patterns that require specific investigation. Although based
on a simplified analysis of the long-term evolution of metropolitan system, the city life cycle was
(and is still) considered a background interpretation of apparent (and latent) mechanisms of urban
growth [34,46] that can be integrated with refined approaches to metropolitan complexity [1,30,41].
This framework seems to be particularly appropriate when investigating the present and future
evolution of metropolitan systems experiencing late re-urbanization, which is considered a particularly
hard task because of the inherent volatility of population dynamics in contemporary cities [38,43,51].

Based on these premises, the purpose of our work is to investigate spatio-temporal shifts in the
relationship between city size and population growth over a sufficiently long time period (1950-2030) in
1857 world cities with at least 300,000 inhabitants (or more) in 2014. The analysis allows identification of
spatial similarities in metropolitan expansion, so as to infer relevant characteristics and timing of urban
cycles by continents, macro-regions or homogeneous economic areas. The sample considered in this
work includes cities from 154 countries and is representative of global urban conditions and population
trends [45]. Based on largely differentiated demographic dynamics [25,32,56], the present work brings
insight to the debate over the present and future development of urban agglomerations worldwide.
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Figure 1. A general scheme of the ‘City Life Cycle’ covering the time interval between World War II
and nowadays: the ellipse indicates the most recent urban dynamics; the arrow indicates time.

2. Methodology

2.1. Elementary Data and Variables

This study investigates the relationship between population growth rate and city size at the
metropolitan scale between 1950 and 2030 in 154 world countries. Total population living in 1857
agglomerations with more 300,000 inhabitants at 2014 was derived from recent statistics published by
the Department of Economic and Social Affairs, Population Division of the United Nations. Urban
population was predicted for the period 2015-2030 following the methodology elaborated by World
Urbanization Prospects [45]. The Population Division of the Department of Economic and Social Affairs
of the United Nations has been issuing for several decades revised estimates and projections of the
urban and rural populations of all countries in the world and of their major urban agglomerations. More
specifically, we considered the main findings of the 2018 Revision of World Urbanization Prospects,
which are consistent with the size of the total population of each country as estimated or projected in
the 2017 Revision of World Population Prospects (United Nations). The World Urbanization Prospects
are used widely throughout the United Nations and by many international organizations, research
centres, academic researchers, and the media.

Including a short-term, official population forecast (2015-2030) in the analysis allows formulation
of future demographic scenarios, evidencing their contribution to a refined investigation of new global
urban cycles. World Urbanization Prospects use a robust extrapolation method to project urban
population by country and agglomeration, assuming variable urban-rural growth differences over the
projection period. The method is based on the urban-rural ratio, which was calculated for the last two
empirical data points available - which are typically based on results from two censuses. An average
annual rate of change in the urban-rural ratio was then calculated, being equivalent to the difference
between the rate of change of urban population and the rate of change of the rural population. This
rate of change was extrapolated assuming that the proportion urban follows a logistic path. In a
subsequent step, empirical urban-rural growth differences were estimated for two groups of countries
with different population size (more or less than 2 million inhabitants in 2018) using regression models.
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This “hypothetical urban-rural growth difference” for each level of an initial observed percentage
urban was then applied to the most recent urban-rural growth difference of a given country (obtained
in the first step) and adapted to the hypothetical urban-rural growth difference of all countries of the
world (obtained in the second step) over a period of 25 years. Based on observed and estimated data,
the annual (per cent) rate of population growth for each agglomeration was calculated for 8 ten-year
intervals (1950-1960, 1960-1970, ... , 2020-2030) and absolute population size was calculated at the
beginning of each time interval (1950, 1960, ... , 2020).

2.2. Statistical Analysis

To investigate the spatial distribution of urban population over time, descriptive statistics (average
and coefficient of variation) were computed on the spatial series of population growth rates by
metropolitan agglomeration and time interval. Based on geographical, political and cultural criteria,
agglomerations were aggregated in 9 macro-regions (see Appendix A) including cities in (i) Africa,
(ii) China, (iii) Russia and other countries historically under the Soviet influence, (iv) India, (v) other
Asian countries, (vi) Middle East countries, (vii) Europe, (viii) North America and (ix) Latin America
(see Appendix A). Macro-regions were designed to make a clear distinction between the old and the
new world, considering relevant characteristics and timing of urban cycles, with the final objective to
partition the sample of cities in spatially homogeneous groups with comparable size. This partition is
also coherent with the indications provided by World Urbanization Prospects aimed at distinguishing
(over along-term period, 1950-2030) advanced economic systems (Europe, North America, Russia) from
emerging (fast growing) countries (China, India, Latin America, Asia, Middle East) and developing
countries (Africa). The number of cities in each macro-region ranges between 434 agglomerations in
China and 108 in Russia. A sample of more than 100 agglomerations was considered enough stable to
provide statistical results generalizable to the entire region [2,5]; this assumption provides an additional
justification to the spatial partition in 9 world macro-regions adopted in this study.

The relationship between city size (total metropolitan population at a given time point, t,
log-transformed) and per cent annual population growth rate at a given time interval (t; — tp)
was investigated using parametric and non-parametric pairwise correlation analysis [57]. Pearson
moment-product and Spearman rank coefficients were calculated separately for each time point
and macro-region, testing for significance at p < 0.001 after Bonferroni’s correction for multiple
comparisons [58]. The joint use of parametric and non-parametric correlation coefficients allows
for the identification of both linear and non-linear relationships, making the inferential analysis
intrinsically more powerful, especially when using variables with (more or less intense) deviation from
normality [59].

A factor analysis (FA) was run separately on Pearson and Spearman correlation matrices (by time
interval and macro-region) with the aim to discriminate population trends reflecting distinctive spatial
regimes in demographic dynamics and the relationship with city size across macro-regions over the
entire study period. Eigenvalues > 1 were extracted and further analysed, evidencing the structure of
loadings (time) and scores (space) with the aim to identify regional specificities in the above-mentioned
relationship. A classification tree built-up through hierarchical clustering (Euclidean distance with
Ward’s agglomeration rule) was finally run on the same data matrix used as input for FA (see above)
with the aim to assess timing of population growth (or shrinkage) and the intrinsic role of city size.
Hierarchical clustering identifies patterns of similarity or divergence in large datasets referring to input
variables, input cases or both [60]. Hierarchical clustering was considered appropriate to identify
time intervals with homogeneous population trends [49]. The integration of different exploratory
techniques allows for a refined analysis of large datasets distinguishing among demographic regimes
and verifying distinctive models of urban growth at regional scale [21].
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3. Results

3.1. Population Trends in Metropolitan Areas Worldwide, 1950-2030

A comparative analysis of per cent annual population growth rates (Table 1) covered a total of
1857 metropolitan areas (aggregated in 9 macro-regions) on a 10-year time step between 1950 and
2030. On average, metropolitan population worldwide increased by 6.5% per year in the 1950s with
rates of growth above 5% per year in the subsequent four decades, up to the late 1990s. Since 2000,
population growth decelerated in every macro-region up to 3.1% (2000-2010) and is estimated at 2.7%
for 2010-2020 and 1.9% for 2020-2030. Spatial variability in population growth rates at metropolitan
scale was relatively low in the first three decades of investigation (1950-1980), increased markedly in
the following three decades (1980-2010), and is estimated to decrease even more rapidly in the present
and coming decades. This trend was coherently observed at the global level and in every macro-region,
with the only exception of Russia and, in part, India and the Middle East.

Table 1. Average metropolitan population growth rate (and the related coefficient of variation) by time
interval and world macro-region, 1950-2030.

Region 1950-1960 1960-1970 1970-1980 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030
Average

Africa 8.87 8.57 7.35 6.22 5.04 4.47 441 4.04
Asia 5.49 5.54 5.69 591 5.35 3.36 227 1.66
China 8.14 7.59 7.53 8.28 13.36 4.33 3.67 2.20
Europe 1.93 1.73 1.04 0.67 0.30 0.52 0.64 0.42
India 5.21 4.77 4.92 4.57 3.71 3.23 3.10 2.63
Latin America 7.92 7.64 6.27 5.42 298 2.09 1.82 1.24
Middle East 8.72 9.13 9.38 7.81 4.85 4.80 3.46 2.10
North America 4.77 3.71 2.78 3.07 3.25 2.09 2.00 113
Russia 4.79 4.77 3.70 1.47 0.22 0.68 1.06 0.49
Grand Mean 6.54 6.22 5.75 5.44 5.76 3.13 2.72 1.91
Coefficient of variation

Africa 0.76 0.77 0.81 1.25 0.85 0.65 0.61 0.37
Asia 0.75 0.68 0.74 0.85 1.04 1.09 0.99 0.75
China 0.61 0.63 0.64 0.98 0.95 0.63 0.58 0.28
Europe 0.81 1.01 1.57 2.07 2.24 1.09 0.91 0.84
India 1.28 0.89 0.53 0.70 0.58 0.64 0.64 0.21
Latin America 0.70 0.88 0.84 0.97 0.52 0.53 0.49 0.38
Middle East 0.74 0.73 0.82 0.83 0.76 123 0.82 0.54
North America 0.81 1.07 1.07 1.88 1.24 0.98 0.99 0.47
Russia 0.85 0.77 1.81 091 4.98 2.20 1.58 2.10
Grand CV 0.85 0.87 0.93 1.19 1.42 1.01 0.86 0.71

Except for Chinese agglomerations during 1990-2000, African cities maintained the highest rate
of growth during the entire study period, spanning from 9% (1950-1960) to 4% (2020-2030). China,
Middle East, and Latin American agglomerations experienced an accelerated growth up to the late
2000s but are estimated to expand slowly in the coming decade. Indian and the remaining Asian
cities (except China, Russia and India) experienced a relatively high and persistent rate of population
growth. North American cities showed accelerated dynamics in the first decades, decelerating slowly
since the early 2000s. While displaying accelerated dynamics in the first three decades of investigation,
Russian cities experienced a moderate population increase since the early 1980. Finally, European
cities displayed the lowest rate of growth over the entire study period. These evidence suggest that
Europe, likely the most mature and consolidated metropolitan system in the world, was anticipating
population trends that are (and will be) observed in the other regions, with a further delay between
advanced economies with accelerated dynamics (North America, Russia), emerging economies with
mixed dynamics (Asia, China, India, Latin America) and developing countries with late growth (Africa
and, in part, Middle East).
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3.2. Correlation Analysis

The results of the correlation analysis between city size and population growth rate were reported
in Table 2. The values of Pearson’s parametric and Spearman’s non-parametric correlation coefficients
of Spearman were convergent for all macro-regions and time intervals. Slight discrepancies were
observed only for the most recent decades and are associated with low rates of urban population
growth. In the first two decades of study (1950-1960 and 1960-1970), correlation coefficients were
significantly negative in all macro-regions.

Table 2. Correlation analysis between city size and population growth rate by time interval and
macro-region (bold indicates significant coefficients at p < 0.001 after Bonferroni’s correction for
multiple comparisons).

Region 1950-1960 1960-1970 1970-1980 1980-1990 1990-2000 2000-2010 2010-2020  2020-2030
Pearson moment product parametric correlation coefficients
Africa —0.430 —-0.396 —0.369 —0.391 —0.430 —0.380 -0.223 -0.032
Asia —-0.317 -0.245 -0.295 —0.558 —0.502 —-0.373 —-0.142 -0.036
China —0.687 -0.792 —0.739 -0.371 -0.518 —0.254 —0.207 -0.056
Europe —0.346 —0.391 —0.345 -0.327 -0.138 -0.009 0.029 0.102
Inia —0.436 -0.259 -0.151 —-0.253 —0.238 —0.238 -0.07 0.086
Latin America —0.480 —0.485 —-0.407 —0.401 —0.266 —-0.231 -0.135 0.001
Middle East —0.646 —0.600 —-0.544 —-0.531 —0.598 -0.400 -0.379 -0.096
North America -0.293 —0.400 —0.636 —0.546 —0.489 —0.414 —0.288 -0.140
Russia -0.714 —0.647 —0.432 —0.409 -0.237 -0.202 -0.067 0.145
Spearman non-parametric correlation coefficients
Africa —0.467 —-0.375 —0.396 —0.387 —0.460 -0.418 —-0.257 -0.008
Asia —0.257 -0.217 —-0.251 -0.597 —0.605 -0.404 —-0.124 0.114
China —-0.726 —0.805 —0.787 —0.675 —0.622 —-0.324 -0.210 0.018
Europe -0.361 —0.409 —0.336 -0.339 -0.159 —0.044 0.006 0.101
Inia —-0.250 -0.202 -0.161 —-0.253 —0.208 —0.216 -0.091 0.101
Latin America —0.426 —-0.441 —0.396 —0.410 —0.183 —-0.188 -0.090 0.032
Middle East —0.580 —0.553 —-0.624 —0.518 —-0.499 —-0.321 —0.368 -0.113
North America —0.348 -0.394 —-0.592 —0.400 —0.484 —0.402 —-0.287 -0.092
Russia —0.609 —0.642 —0.649 —0.339 —0.340 -0.225 —0.082 0.127

The highest correlation coefficients in these periods were observed for Chinese cities, the Middle
East and Russia. This means that population growth rate in these agglomerations was inversely
proportional to city size. Even in the following two decades, the correlation between urban size
and population growth was negative and highly significant in all macro-regions, except for India
(1970-1980). The highest correlation coefficients were observed in the 1970s in Chinese, North American,
Middle East, and Russian cities (Pearson’s coefficients higher than Spearman’s coefficients). In the
1980s, the highest correlation coefficients were observed in the Asian macro-region, in the Middle East,
in North America (Spearman’s coefficients higher than Pearson’s coefficients) and in China (Pearson’s
coefficients higher than Spearman’s coefficients).

In the 1990s, correlation coefficients began to decline, although they remained statistically
significant in almost all macro-regions (except for Europe and Russia). The highest values were
observed in China, in other Asian countries and in the Middle East. North America, Latin America
and Africa had negative and significant correlation coefficients, but lower than those observed in the
macro-regions mentioned above. In the following decade (2000-2010), Europe and Russia showed
non-significant correlation coefficients. On the contrary, the highest negative coefficients were observed
in African and Asian macro-regions, as well as in the Middle East. The correlation between city size
and population growth was particularly high and negative in North America.

In the most recent decade, the correlation coefficients between size and population growth
decreased in most of the macro-regions. Based on population projections for 2020, this correlation is
significantly negative in only three macro-regions (Africa, Middle East and North America). A weaker
evidence of negative correlation between the two dimensions is observed in China. In the last decade
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of study, it is estimated that the relationship between city size and population growth will be not
significant in all macro-regions.

3.3. Multivariate Analysis

Factor Analysis (FA) run separately on the two correlation matrices (Pearson and Spearman)
identifies two main axes explaining together 89.7% of the overall variance in the case of the Pearson’s
matrix and 92.7% in the case of the Spearman’s matrix and illustrating highly differentiated, non-linear
urban trajectories (Figures 2 and 3). These pathways are basically due to distinctive trends: the former
observed between the 1950s and the 1990s (high loadings declining over time along component 2), the
latter observed in the subsequent decades (higher loadings growing with time along the component 1).

"2020-2030

"2010-2020

Component 2

20

Component 1

Figure 2. Results of a Factor Analysis run on the correlation matrix of Pearson coefficient (see Table 2).

0,324 As

2020-2030

Component 2

7990.2850% ]

-0.40-

Component 1

Figure 3. Results of a Factor Analysis run on the correlation matrix of Spearman coefficient (see Table 2).
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Results of the FA differentiate world macro-regions based on the first two components. China,
Russia, Europe and Latin America are the regions that received the highest and negative loadings along
component 2, experiencing the highest growth rates and the most significant (negative) correlation
with city size in the first phase. Urban agglomerations in Africa, North America, the rest of Asia and,
in part, Middle East and India, were more closely linked to population dynamics observed since the
1990s. In these regions, high rates of growth have been observed even in the most recent decades,
being still related negatively to city size.

Results of a hierarchical clustering allow identification of time intervals with homogeneous
population trends and negative correlation with city size, possibly contributing to define urban
cycles characterized by distinctive demographic regimes (Figure 3). Notably, clusters on Pearson
and Spearman correlation matrices provided similar results. Small differences between the two
dendrograms contribute to better profile the characteristics of urban cycles. Ward’s clustering on
Pearson correlation matrix provided a simplified discrimination between earlier decades (between the
1950s and the 1990s, with two particularly homogeneous decades: 1950s and 1960s) and a more recent
period encompassing the last two decades (2000s and 2010s) and the coming one (2020-2030). Ward’s
clustering on Spearman correlation matrix separated three homogeneous decades (1950s, 1960s and
1970s) from a longer time period (between the early 1980s and the late 2010s) displaying a marked
heterogeneity in respect with earlier decades. The coming years (2020-2030) are represented as an
outlier period based on the different correlation regime between city size and population growth.

4. Discussion

Long-term urbanization patterns worldwide underlie the inherent influence of multiple factors
of growth and change, with a prominent role of demographic dynamics [30,61-63]. However,
metropolitan growth was far from being a homogeneous process over space and time, since
different types of population dynamics and relationship with city size influenced long-term urban
cycles, shaping the overall spatial structure of metropolitan regions and their socioeconomic role
in the global arena [10,20,23,64,65]. Emerging approaches in urban studies attempt to combine
theoretical perceptions behind scale and agglomeration effects with a definite focus on demographic
effects within cities which may inspire a more comprehensive analysis of metropolitan systems,
going beyond the linear interpretation imposed by economic laws, both theoretically-oriented and
empirically grounded [11,14,34,46]. While being based on exploratory thinking, correlation analysis
and multivariate statistics allow a detailed analysis of global urban cycles, contributing to clarify the
interplay between long-term demographic dynamics and short-term urban transitions [5,25,26].

Analysis of sequential phases of urban expansion, characterized by distinctive rates of urban
expansion and varying intensity of the relationship between city size and rates of population growth,
provides a useful contribution to analysis of different metropolization patterns and processes. In these
regards, the present study overcomes analysis’ gaps — mainly referring to a spatially explicit, long-term
investigation of global urban cycles vis a vis population dynamics, under the framework of the second
demographic transition, reflecting fertility decline, ageing, and a more volatile impact of migration on
regional and urban dynamics [6,8,19].

The results of our study indicate that metropolitan expansion was associated with largely variable
rates of population growth, highly positive before 2000 and reducing progressively over more recent
years. Despite important differences at the regional scale, population growth in urban agglomerations
reflects contrasting demographic regimes with a break point in the late 1980s or early 1990s — depending
on the world macro-region. More specifically, the 1990s were a transitional period from a spatially
homogeneous demographic regime based on high rates of population growth strictly dependent
on city size, to a different regime grounded on low rates of population growth varying over space
irrespective of city size [24]. The transitional phase was characterized by spatially heterogeneous
dynamics of growth, either between and within macro-regions, and a decline in the strength of the
correlation between city size (population) and demographic growth [29]. In this period, the coefficient
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of variation in population growth rates was particularly high in every macro-region (with a particularly
high value observed in Europe, North America and Russia). At the same time, the correlation
between city size and demographic growth was more evident when urban population grew rapidly,
evidencing a latent process of convergence between smaller and larger cities. More specifically, global
demographic change—with pronounced falls in fertility and mortality in emerging economies—has
led to a progressive convergence of demographic patterns around the world, including vital rates and
population size [15].

Increasingly mixed patterns of demographic growth were observed for urban agglomerations
in both advanced and emerging countries, evidencing common patterns beyond the traditional
economic polarization in advanced and emerging countries or socio-political and cultural divides
(e.g. global north vs south, or ‘western’ vs ‘eastern’ urban systems). These results also justify
a refined investigation of the long-term contribution of short-range and long-range migration to
metropolitan growth worldwide. In this regard, sequential cycles typically representing urbanization,
suburbanization, counter-urbanization and re-urbanization were (and are) progressively replaced by
more complex and unpredictable waves of urban expansion reflecting specific developmental paths
at both regional and local scale — often decoupled from demographic trajectories typical of leading
countries [22,49,58]. The spatial dimension of urban growth was revealed to be particularly important
since 2000, evidencing the role of individual city dynamics beyond traditional gradients. These
processes outline a more complex population geography for the most recent decades [10,16,51,65].

Urban population trends essentially show two ways of metropolitan expansion, the former linked
to particularly high population growth rates (supported by positive natural balance and immigration),
even higher in small and intermediate cities than in large cities, the latter linked with medium-low
growth rates irrespective of city size. The first trend is linked to country-specific outcomes of the second
demographic transition, and in some ways reinforced it, supporting a classical model of accelerated
urbanization based on demographic convergence of smaller agglomerations towards larger ones, and
the progressive saturation of urban growth in mega-city regions [4].

The second pathway includes the most recent demographic dynamics and clearly highlights
a greater complexity and spatial heterogeneity of urban growth, linked to a generalized reduction
of fertility and an increasing role of migration balance (which gives a more volatile contribution
to urban growth than natural balance [42]). As population growth rates were supported almost
exclusively by migration, the strength of the relationship between city size and population expansion
declined rapidly. These results underline the increasing importance of individual development
paths, where local factors weigh much more than regional demographic dynamics and latent trends
toward more globalized socioeconomic contexts. Taken together, such findings indicate that urban
growth is (and will increasingly be) a process driven by heterogeneous factors in both time and space.
With this new growth regime, predictability of future urban expansion is greatly reduced, being
less and less dependent on demographic dynamics linked to the natural balance, and increasingly
associated with migration, in turn dependent on both economic drivers and geo-political constraints [17].
Increasing the unpredictability (and more place-specific mechanisms) of metropolitan growth may
reduce the effectiveness of strategies for sustainable urban development, forcing policy design to be
increasingly context-based, considering individual growth paths more carefully than regional, country
and global trends.

At the regional scale, urban-demographic dynamics highlighted in our study fundamentally
distinguish the old world (Eurasia) from the new world (Africa, America, the remaining part of Asia
and Oceania), with some transitional regions in-between (India and the Middle East). This demographic
polarization goes beyond the classic developmental model separating affluent countries from emerging
economies and clarifies the importance of non-economic factors in individual urban development
pathways —in a context of low fertility and more volatile contribution of migration to metropolitan
growth [27]. While cities command an increasingly dominant role in the global economy as centres of
production and consumption, empirical findings of this study and earlier research [47] contribute to
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demonstrate that alternative (e.g., historically, socially and demographically grounded) theories of
urban growth may enrich the explanation for the stylized facts of urban population transition provided
by traditional economic frameworks, highlighting the legacy of historical, cultural, institutional, and
religious factors [39].

Recent population trends, and especially the decoupling of population growth from city size may
be also associated to incipient phenomena of urban shrinkage. While the majority of metropolitan
agglomerations experienced a continuous process of urban growth, some others have undergone (more
or less) long periods of shrinkage over recent decades. Spatial demography is a fundamental factor
contributing to shrinkage, being in turn related to specific local contexts [19]. Apart from Europe
experiencing an intense shrinkage in the last two decades [43], demographic shrinkage was deepening
in Japan, indicating local conditions characterized by a ‘double-negative population disequilibrium’,
whereby both the migratory and natural contribution to population growth have turned negative [17].
In Russia, shrinkage was primarily associated with different urban functions, consolidating territorial
disparities [65]. Demographic shrinkage was also observed in China, with shrinking cities rising by
71% from 164 in the 1990s to 281 in the 2000s [66]. In the United States, these results are even more
complicated thanks to unanticipated shifts in metropolitan-nonmetropolitan population change and
migration, with the latter being acknowledged as a key driver of regional diversity in population
dynamics [67]. Taken together, such dynamics are reflected in the empirical results of the correlation
analysis presented in our study.

These findings are also of particular interest for refining city-scale and regional-scale population
projections that take account of the recent evolution of metropolitan systems, with urban growth shifting
from a spatially homogeneous process governed by urban density and agglomeration factors toward
more heterogeneous dynamics driven by regional scale factors and city-level processes, identifying the
expanding role of individual trajectories of growth in metropolitan agglomerations [68-70]. According
to a global scenario [54], the degree of convergence in urbanization across countries will differ
substantially as a result of population dynamics that are typical of regions in different stages of
urbanization and development levels, as clearly revealed in our analysis.

5. Conclusions

For the first time in history, the majority of the world population now lives in cities. Global
urbanization will continue at high speed with the world’s urban population is projected to increase
by more than 3 billion people between 2010 and 2050. While cities maintain a key role in shaping
worldwide population trends, different developmental paths emerge depending on the rate of
urbanization, possibly indicating that future demographic dynamics will overlap only partly with
those observed in the past, being less sequential and more unpredictable and heterogeneous over
space. A refined comprehension of worldwide metropolitan cycles is gaining a decisive role in a
globalized economic system where, together with increasing emphasis on sustainable development,
the importance of the demographic dimension of urban growth has been strengthened.

Urban agglomerations with high rates of population expansion combined with cities growing
moderately and even with towns experiencing demographic shrinkage, making analysis of population
trends in metropolitan regions a particularly complex and challenging task. In this framework, the
contribution of natural balance (births and deaths) to population growth in metropolitan regions
has progressively declined, leaving urban growth driven largely by migration. Supra-national and
country-specific developmental policies could be inadequate or inefficient in promoting a sustainable
urban development in metropolitan regions of both advanced and emerging countries without
considering the specificity of local contexts and intrinsic demographic dynamics.

Intensity of urban expansion and spatial heterogeneity among metropolitan agglomerations
definitely express a trade-off between ‘fast’ (e.g., migration) and ‘slow’ (e.g., change in natural
balance) demographic dynamics [8]. This trade-off can be more intensively investigated to support
recently proposed theories of sequential city growth, making a relevant contribution to policy making,
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especially in countries where urban growth is still evident [66]. Innovative approaches for the
large-scale modelling of global demographic processes are vital to the study of metropolitan growth,
while being also linked to issues of socioeconomic development [29]. These questions need to be
further investigated to dealt with future urbanization waves and demographic dynamics worldwide.

To cope with these deserving research questions, a consistent set of global urbanization projections
that cover long time horizons and span a full range of uncertainty is increasingly required. Existing
urbanization projections, including those from United Nations Population Division extensively used in
our study, provide only a single scenario over the next few decades, a period during which urbanization
is likely to be highly dynamic in many countries. A long-term, new global set of urbanization projections
at country level should be developed that cover a plausible range of uncertainty [62].

To provide policymakers with useful scientific guidance in the upcoming urban era, researchers
will finally need to refine their data sets to include spatial factors as well as city-scale vital rates and to
make improvements to forecasting methods currently in use [31]. A comparative analysis of spatially
detailed and updated population data is also required to assess newly emerging demographic patterns
associated to complex socioeconomic processes acting at different spatial scales.
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Appendix A

Table A1. List of countries reporting the number of cities classified in each world region (part 1).

Latin Middle North

Country Africa Asia China Europe India America East America Russia  Total
Afghanistan 4 4
Albania 1 1
Algeria 8 8
Angola 9 9
Argentina 17 17
Armenia 1 1
Australia 11 11
Austria 1 1
Azerbaijan 3 3
Bahrain 1 1
Bangladesh 11 11
Belarus 6 6
Belgium 5 5
Benin 4 4
Bolivia 4 4
Bosnia and Herzegovina 1 1
Brazil 59 59
Bulgaria 3 3
Burkina Faso 2
Burundi 1 1
Cambodia 1 1
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Table A2. List of countries reporting the number of cities classified in each world region (part 2).

Latin Middle North

Country Africa Asia China Europe India America East America Russia  Total
Georgia 1 1
Germany 22 22
Ghana 4 4
Greece 2 2
Guatemala 1 1
Guinea 1 1
Guinea-Bissau 1 1
Haiti 1 1
Honduras 2 2
Hungary 1 1
India 181 181
Indonesia 33 33
Iran (Islamic Republic of) 28 28
Iraq 17 17
Ireland 1 1
Israel 4 4
Ttaly 32 32
Jamaica 1 1
Japan 33 33
Jordan 6 6
Kazakhstan 9 9
Kenya 6 6
Kuwait 1 1
Kyrgyzstan 1 1
Lao Dem. Republic 1 1
Latvia 1 1
Lebanon 1 1
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Liberia
Libya
Lithuania
Madagascar 3
Malawi 2
Malaysia
Mali
Mauritania 1
Mexico
Mongolia
Morocco 11
Mozambique 7
Myanmar
Namibia 1
Nepal
Netherlands
New Zealand
Nicaragua
Niger 2
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Table A3. List of countries reporting the number of cities classified in each world region (part 3).

Country Africa

Asia

China Europe India Latin America Middle East North America

Russia

Total

Peru
Philippines
Poland
Portugal
Puerto Rico
Qatar
Republic of Korea
Republic of Moldova
Romania
Russian Federation
Rwanda 1
Saudi Arabia
Senegal 3
Serbia
Sierra Leone 1
Singapore
Slovakia
Somalia 5
South Africa 15
South Sudan 1
Spain
Sri Lanka
State of Palestine
Sudan 7
Sweden
Switzerland
Syrian Arab Republic
Tajikistan
TFYR Macedonia
Thailand
Togo 1
Trinidad and Tobago
Tunisia 2
Turkey
Turkmenistan
Uganda 1
Ukraine
United Arab Emirates
United Kingdom
United Republic of Tanzania 7

31
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28

10
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27
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28

10
31
9
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Table A3. Cont.

Country Africa Asia China Europe India Latin America Middle East North America Russia Total

United States of America 142 142
Uruguay 1 1
Uzbekistan 5 5
Venezuela 16 16
Viet Nam 11 11
Yemen 7 7
Zambia 3 3
Zimbabwe 3 3

Total 220 239 434 178 181 209 129 159 108 1857
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