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Abstract

The twin phenomena of ageing populations and declining
populations are profoundly transforming societies and
economies in Europe. Driven by decreasing fertility rates
and the continuing increased life expectancy, populations
have not been ageing uniformly across time and space. In
an increasingly urbanized world, the spatial distribution of
the young and the elderly is a matter of growing scholarly
and policy interest. In Europe, this process is more pro-
nounced in peripheral areas than in the core regions, while
the development of metropolitan areas is associated with
suburbanization predominantly driven by young in-
migrants. Latvia is an interesting case study for studying
population ageing and its spatial imbalances due to the key
role of emigration in population decline and ageing. By
employing descriptive and spatial analysis, this study uses
data from the Latvian census and population register to
explore the relationships between population change and
ageing processes. Global Moran's | and the local indicators
of spatial association were used to identify spatial systems.
The study confirmed global and local spatial autocorrelation
for the both examined age variables. Using the Getis-Ord
Gi* method identified spatial clusters of the young and the
elderly. We found more pronounced residential clustering
of the elderly aged 75 and over in the depopulating region
of Latgale, whereas the Riga metropolitan region and areas

around the largest towns tend to cluster young residents.
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1 | INTRODUCTION

The implications of population changes are a critical issue for urban and regional development in Central Eastern
Europe (CEE) (Fihel & Okdlski, 2019; Haase et al., 2016; Kulcsar & Brown, 2017). Even though the region as a whole
is characterized by overall population decline, metropolitan areas have been experiencing population growth
(Borén & Gentile, 2007; Kabisch et al., 2019; Ourednicek et al., 2015).

The key characteristics of population decline are birth rates below replacement level, low mortality, and rising
life expectancy, which contribute to an increase in the number and proportion of the elderly population. Age distri-
bution hampers Latvia's population growth (Berzins, 2019; Krumins$ & Krisjane, 2016). Overall, rural areas have seen
the most extreme population loss (Puzulis & Kule, 2016; Ubareviciené et al., 2016).

Suburban growth has contributed to demographic inequalities between metropolitan and nonmetropolitan
regions in Latvia, as in other CEE nations. Many of the region's core cities nowadays are characterized by
reurbanization trends as well as ongoing parallel suburbanization processes in the city peripheries (Haase et al.,
2010; Hornakova & Sykora, 2021; Istrate et al., 2015; Krisjane & Berzins, 2012; Kurek et al., 2020; Ubarevicien¢ &
Burneika, 2020).

Thus, the implications of demographic transition across metropolitan and nonmetropolitan areas are not uni-
form. Since the ageing of the population—caused by high life expectancy, in-migration of the elderly, out-migration
of the young, and low birth rates—has not been heterogenous, the current demographic trends have prompted fears
that an ageing population will exacerbate demographic polarization at both the local and regional levels (Gregory &
Patuelli, 2015; Gutiérrez Posada et al., 2018; Kashnitsky et al., 2017; Kurek et al., 2020; Lang et al., 2022; Reynaud
et al., 2018; Senbil & Yetiskul, 2022).

When investigating age-based residential patterns in metropolitan versus nonmetropolitan areas beyond CEE
countries, spatially heterogenous ageing with different speeds of convergence and even divergence can be observed
in Spain (Gutiérrez Posada et al., 2018). More specifically, the size of a municipality (urban versus rural) is negatively
associated with ageing, whereas the distance of a municipality (central versus peripheral) holds a positive association.
However, the magnitude of the association not only varies across space but also does not always have a restraining
or triggering effect on ageing. Significant spatial differences in the distribution of the elderly, seemingly related to
the area's urbanization level, are found in both Spain and Turkey (Gutiérrez Posada et al., 2018; Senbil & Yetiskul,
2022). Overall, across Organization for Economic Cooperation and Development (OECD) countries, population
ageing is asymmetrical, and the elderly dependency rate in some countries can vary as much as 10% to 50%.
Moreover, in the last two decades, the elderly dependency rate has increased in all the member states. The highest
rise is observed in regions near metropolitan areas and the lowest in remote regions near small and medium-sized
cities (OECD, 2020).

Similarly, differences in the level of population ageing and spatial dependencies can be seen when comparing
age composition based on the degree of urbanization in CEE countries. In Czechia's Moravia region, the proportion
of the elderly is higher in towns and cities than in rural areas (Vaishar et al., 2020). However, in Poland, there has

been a decline in the rate of ageing in the largest functional urban areas due to suburbanization and reurbanization.
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Meanwhile, the share of the pre-working age population in the cores of Polish functional urban areas is lower than in
their peripheries (Kurek et al., 2020, 2021). There is greater spatial differentiation and dependence based on the size
of the functional urban area. In the case of Slovakia, the districts in the metropolitan Bratislava region show the
highest growth in the share of children compared to the rest of the country, revealing that population ageing in the
region has slowed in the last decade (Kacerova et al., 2022).

The significance of recent studies on age-based residence patterns can be attributed to several factors. First,
recent research efforts have focused more on the elderly or post-working population than the pre-working popula-
tion, which can undermine the effectiveness of comprehensive planning. Second, since case studies tend to have
contradictory findings and population distribution is rarely homogeneous, additional studies provide valuable input
in the search for patterns. Third, to design effective spatial policies and planning, it is vital to understand the
residential distribution and mobility of the ageing population, especially in smaller settlements that are affected by
even small changes. Ageing and shrinking municipalities can face decreasing livability and a reduced workforce due
to a lack of employment, which is a crucial factor in planning, significantly since shrinkage might not affect the
region as a whole but its sub-municipalities and neighborhoods (Gutiérrez Posada et al., 2018; Segers et al., 2020;
Senbil & Yetiskul, 2022).

Multiple transformations (Rink et al., 2019; Sykora & Bouzarovski, 2012; Steinfiihrer et al., 2011) can be utilized
to understand the post-socialist urban changes, particularly the temporal and spatial dynamics of demographic
change and their implications for policy, planning, and regional development. Numerous studies have found that
demographic transition, ageing, fertility behavior, and diverse household structures have a significant impact on
urban shrinkage, regional labor, and the real estate market (Botev, 2012; Buzar et al., 2005; Couch et al., 2012;
Kacerova et al., 2014; Kashnitsky et al., 2021; Kazimierczak & Szafranska, 2019; Kurek et al., 2017; Kurek &
Woijtowicz, 2018; Steinflihrer & Haase, 2007; Wolff & Wiechmann, 2018).

Finally, current research on the COVID-19 pandemic shows that the risk of death among infected people
increases rapidly with age. Additionally, it was shown that illness incidence is higher in densely inhabited and
urbanized areas (Ferguson et al., 2020; Gurram et al., 2022; Nazia, 2022; Pilkington et al., 2021). European
regions are ageing unequally; thus, coronavirus SARS-CoV-2 poses particular challenges to regions and
populations with greater proportions of vulnerable older people (Kashnitsky & Aburto, 2020). Geographical
differences in population age compositions partly explain the spread of COVID-19 (Dowd et al., 2020). Looking
at population age structures with considerable variations in the degree of ageing is critically important to assess
the potential impact of the pandemic in ageing European regions (Kashnitsky & Schéley, 2018). The increasing
proportion of older people in Latvia raised concerns associated with the COVID-19 outbreak. The most
recent study reveals the negative cumulative effect of COVID-19 exposure on excess mortality in Latvia
(Gobina et al., 2022).

The current study aimed to better understand the relationships between population change and ageing pro-
cesses in Latvia's metropolitan and nonmetropolitan regions. For this purpose, we utilized the 2000 census and the
most recently available population register data to investigate changes in the residential patterns and numbers of
youths (aged form birth to 14 years) and the elderly.

Accordingly, this study had two research objectives. First, we provide an overview of population dynamics and
ageing over the past two decades across Latvia's regions by using a combination of data pertaining to changes in the
young and elderly populations at the aggregated territorial units of the sub-municipal level. Second, we explore
geographical variation in the residential patterns of both considered age groups, downscaled at a fine-grain spatial
resolution.

This article is divided into four parts. The following section briefly presents the study's data and methods.
The third or results section addresses both research objectives: (1) the relationships between population dynamics
and ageing over the past two decades and (2) residential patterns of both considered age groups for two
observation years and by the regional breakdown of interest. Explorative geographical analyses were conducted

to delve into changes in the distribution of young and elderly populations over space and time. In the final
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section, we discuss the results and offer a conclusion framed within broader ongoing debates of depopulation,

remoteness, and access to services.

2 | DATA AND METHODS
21 | Data

Data on the size and distribution of the young and elderly populations were drawn from the 2000 population
census and the 2020 population register. Both datasets come from Latvia's Central Statistical Bureau, ensuring
appropriate anonymization of individual-level data and mutual comparability. For the spatial analysis, we used
geocoded individual-level data regarding the population's size and age, encompassing the entire territory of
Latvia. The research presented here was undertaken for two age groups: the young population, aged 0-14 years,
and the elderly population, aged 75 and over. Both age groups were analyzed by comparing their size and
distribution changes over the past two decades to better understand the relationships between population
dynamics and ageing processes in Latvian regions. The distribution of the selected age groups was examined
using spatial autocorrelation and spatial clustering analysis. For the spatial analysis, we used territorial units at
the sub-municipal level and a fine-grain hexagonal grid of 16 hectares cells to apply the hot spot mapping
technique to explore the residential patterns of both considered age groups. The available population data were
geocoded according to the place of residence, and thus, linked to cells in the hexagonal grid we created. Each
cell contains individual-level data on the registered residents' age and allows determination of the size of the
analyzed age groups. Although the generated grid and cells may only partially correspond to the administrative
boundaries of regions and municipalities, they provide the most geographically consistent detailed spatial scale

and comparative robustness.

2.2 | Methods of spatial autocorrelation and clustering

This study employs quantitative methods to observe the residential patterns of the young and the elderly in Latvian
metropolitan and nonmetropolitan regions. First, we investigated the spatial autocorrelation of the selected age
groups using the global Moran's | index to assess whether the residential patterns of the young and the elderly
populations are spatially clustered, dispersed, or randomly distributed (Lloyd, 2014; Matthews & Parker, 2013). The
generated hexagonal grid was the primary input data for the spatial autocorrelation and clustering analysis. The

Moran's | estimation is based on the following equation:

_n XX Wi (%) (6 %)

!
w > it (i —%)?

D)

Here, n is the number of spatial units (grid cells); X is the variable of interest (given age group); X acts as the
mean of X; w;; the spatial weight between all pairs of points i and j; and W is the sum of all w;; values. The value of
the global Moran's | index ranges from —1 (clustering of dissimilar values) to +1 (clustering of similar values), and a
value of 0 indicates no spatial autocorrelation. Index values closer to +1 indicate higher spatial autocorrelation; index
values closer to —1 indicate greater spatial disparity. The calculations were performed using ESRI ArcGIS Spatial
Analysis. The tool calculates the values of the global Moran's |, along with the z-score and p-value, which help to
evaluate the index's significance. The global Moran's | analysis results are interpreted within the context of its null
hypothesis of random spatial distribution. One cannot reject the null hypothesis when the p-value is not statistically

significant. When the p-value is statistically significant, the spatial distribution is not randomly distributed. A positive
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z-score indicates spatial clustering, while a negative z-score indicates spatial dispersion. If the z-score equals O, the
autocorrelation is absent in the observed area.

Local indicators of spatial association (LISA) can help to identify spatial systems or cells from an adopted hexago-
nal grid surrounded by neighboring cells with high or low values (so-called hot spots and cold spots) of both age vari-
ables. To complement the global spatial statistics, local spatial statistics were used to evaluate where the clustering
or dispersion tested by Moran's | index is located across the regions of Latvia. We used the Getis-Ord Gi* statistics
to detect statistically significant local concentrations of hot spots and cold spots. In essence, this tool identifies each
neighboring cell within the context of the analyzed feature (selected age group) and observed area and assesses
whether the feature is part of spatially aligned statistically significant spatial clusters (Getis & Ord, 1992). The
Getis-Ord Gi* local statistics were calculated using the formula:

S awiix = X3 Wi

B )

n-1

G =

Here, n grid cells are assumed with numerous measurements X = [xy, ...x,]. Additionally,X acts as the mean of all
measurements; S as the standard deviation of all measurements; w;; as the spatial weight between all pairs of cells
i and j. The Getis-Ord Gi* is sensitive to the distance in which the spatial relationships among features are calculated
(Songchitruksa & Zeng, 2010). A positive G;* value shows that high values cluster around cell i; hence the area is
deemed a hot spot; a negative G;* value shows that low values cluster around cell i, so the area is termed a cold spot.
The analyses were applied using ESRI ArcGIS software and mapped for age groups that show clustered conditions
according to the global Moran's |. Spatial autocorrelation, and clustering methods have been widely used in studies
related to spatial demography (Kurek et al., 2021; Matthews & Parker, 2013; Raymer et al., 2019).

3 | RESULTS: YOUNG AND ELDERLY POPULATIONS IN LATVIA

Since the early 1990s, Latvia and other CEE countries have experienced sudden and simultaneous turnabouts in all
the main demographic processes: fertility, mortality, and migration (Fihel & Okdlski, 2019). The consequent depopu-
lation, urban shrinkage, and population ageing marked the most far-reaching societal changes of the post-Soviet
(socialist) transformations. These transformations resulted in a radical demographic shift characterized by increased
life expectancy, low fertility rates, more diverse family patterns. and the increasing significance of migration (Frejka
et al.,, 2016; Krumin$ & Krisjane, 2016). Due to low fertility rates from the 1990s onwards, increasing longevity, and
the emigration of young adults, Latvia, similar to other CEE countries, is have one of the oldest populations in Europe

in the near future (Berzins, 2019).

3.1 | Ageing and population dynamics

Numerous indicators have been used to study population ageing (for example, see Lutz, 2009). These indicators
often depend on an age threshold defining the "older" population. In the developed world, 65 years is the typical age
for defining the older population, as this age is usually linked to retirement age. In this study, we focused on the
share of the young and elderly as a summary measure to analyze the changes in the population age structure and its
spatial patterns. Despite the widely used threshold of 65 years, we used the age of 75 and over as the threshold for
the old population. Those aged 75 and over represent the fastest-growing section of the population in the developed

world (Matthews et al., 2005). In the case of Latvia, it is also evident that this age group has had the most remarkable
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growth compared to other age groups during the study period (Figure 1). This is likewise true for Riga's metropolitan
and nonmetropolitan areas. We also opted to analyze the changes and distribution of the young population group
(aged 0-14 years). Specifically, we investigated the major macro-regions, distinguishing the Riga metropolitan area
from the rest of the country (nonmetropolitan areas).

1.9 million people were living in Latvia as of 2020, of whom almost half were concentrated in the capital
city, Riga (32.6%), or the surrounding metropolitan region (13.3%). The total population of the capital's metropol-
itan area was slightly lower than that of the nonmetropolitan population. Just over half (54.1%) of the country's
population lived in regions outside the capital (Table 1). Overall, Latvia has been experiencing depopulation, and
since 2000, the population has decreased by 19.9%. Population dynamics show a decline in most of Latvia's
regions since 2000, apart from those within close proximity of Riga. Only suburbs have witnessed a population
increase (18.1%). This is associated with the processes of suburbanization and positive in-migration (Berzins
et al., 2021). The most significant decrease in the share of the population is observed in the nonmetropolitan
regions. In total, these areas have witnessed their population decline by more than a quarter. The region of
Latgale has experienced the most significant decrease, losing approximately one-third of its population. This
easternmost region lags behind other regions within the European Union and is characterized by emigration and
population ageing.

The median age in the country increased between 2000 and 2020 from 37 to 43 years, indicating that the popu-
lation is ageing considerably. In 2000, the highest median age was observed in Riga (39 years) and the lowest in its
suburbs (36 years). The nonmetropolitan regions of Kurzeme (in Latvia's west), Vidzeme (in the north), and Zemgale
(in the south) were slightly below the national average and showed similar ageing patterns to Riga's suburbs. In the
nonmetropolitan region of Latgale (in the eastern), the median age was 38 years.

In contrast, for 2020, the highest median age indicators were in the nonmetropolitan regions (44 years), espe-
cially in Latgale, where it reached 47 years. The median age has also increased in the Riga metropolitan region;

Riga Metropolitan region Non-metropolitan regions
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FIGURE 1 Standardized gender age structure for the Riga metropolitan region and Latvia's nonmetropolitan
regions in 2000 and 2020. Source: Authors' calculations based on Central Statistical Bureau data (CSB) of Latvia,
(2022).
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TABLE 1 Population change and median age in Latvia (2000-2020).

Population in 2020 Population change % Median age

Thousands Distribution % 2000-2020 2000 2020
Riga metropolitan region 875 459 -10.2 39 42
Riga city 621 32.6 -19.0 39 42
Suburbs 254 13.3 +18.1 36 40
Nonmetropolitan regions 1,032 54.1 —26.6 36 44
Kurzeme 283 14.8 -24.8 36 44
Vidzeme 262 13.7 —-254 36 45
Zemgale 230 121 -21.7 36 43
Latgale 257 135 —333 38 47
Latvia 1,907 100.0 -19.9 37 43

Source: Authors' calculations based on Central Statistical Bureau data (CSB) of Latvia, (2022).

however, the increase is less than in other regions. Therefore, Riga and its suburbs were below the national average
in 2020.

Data on the age composition of Latvia's population reveal that the young population has not changed as
dramatically as the elderly population in recent decades. There are, however, geographical variations and a rise in the
number of children in the Riga metropolitan area (Figure 1).

The bars in Figure 1 show the relative share of each age category in the respective year and by region. This
allows us to see the disproportionate age distribution by the dichotomous regional split.

The age pyramid for Latvia shows that the metropolitan area of the capital city and nonmetropolitan areas were
not demographically affected in the same way. While fertility decline and out-migration created a general ageing
trend, relatively rapid suburbanization over the past two decades has lured many young families with children to the
suburbs of metropolitan areas. In contrast, the populations of nonmetropolitan areas in Latvia have got older, with a
higher proportion of the middle-aged and elderly but a relatively low proportion of children and young adults
compared to the Riga metropolitan area.

Regarding both observed population groups, the elderly (75 plus years) have witnessed the highest relative
increase, especially among women. In contrast, the population share of children has considerably decreased among
10-14 year olds in both the metropolitan and nonmetropolitan regions. The pattern of 0-4 year olds and 5-9 year
olds is differentiated territorially and temporarily. The share of 5-9-year-old children in the Riga metropolitan region
has slightly increased, whereas in nonmetropolitan regions it has decreased.

In order to assess the change in spatial distribution, we categorized the territorial units into four groups based
on the increase/decrease of the total population and the specific age group. The predominant population change
pattern for the younger population has been its decrease, supplemented with a decline in the total population
(Figure 2). More patterns are evident among most territorial units of the Riga metropolitan region, where the total
population has increased, including the younger population, except for three units where the younger population has
dwindled. Larger urban centers in the Riga metropolitan area and peripheral rural territories show a negative pattern.
Therefore, there has been a difference between the metropolitan and nonmetropolitan regions, with the former
being more positive and the latter mostly negative.

The most predominant population change pattern among elderly people from 2000 to 2020 has been a decrease
in the total population and an increase in the elderly population. This has been the most apparent characteristic in
nonmetropolitan regions, such as Kurzeme, Zemgale, and Vidzeme, whereas the eastern part of Latvia has predomi-

nantly decreased both in terms of the total population and the elderly subpopulation. However, the Riga
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VIDZEME;

KURZEME;

- Increase in both total population and children aged 0-14
I:l Increase in total population, decrease in children aged 0-14

l:] Decrease in total population, increase in children aged 0-14
- Decrease in both total population and children aged 0-14

D Regions
0 50 100 km
|

C] Territorial units L 1

FIGURE 2 Distribution of the young population (0-14 years old) in Latvia, 2000-2020. Source: Authors'
calculations based on Central Statistical Bureau data (CSB) of Latvia, (2022).

metropolitan region has witnessed an increase in the elderly in all territorial units, along with a rise in the total popu-
lation in most units.

The overall pattern shows a relative increase in the younger population (0-14 years old) from 2000 to 2020 on
a territorial unit level in the units near Riga, whereas for the units farther away, the younger and total population
have decreased. In contrast, the elderly population has increased in most territorial units, including those within the

Riga metropolitan region (Figure 3).

3.2 | Analysis of global Moran statistics

The results of the global spatial autocorrelation analysis are shown in Table 2. When analyzing the obtained results,
a statistically significant positive spatial autocorrelation (p-value > 0.0000) was observed for both age groups in the
studied years. This indicates the strong spatial autocorrelation of both selected age variables, meaning that the
young and the elderly in Latvia are not randomly distributed.

The young populations in 2020 and the elderly populations in 2000 have the highest spatial autocorrelation
values. Thus, it can be concluded that both selected age variables exhibit moderate or high spatial autocorrelation.
When comparing the tested years, it should be noted that an increase in spatial autocorrelation values was
observed for the young residents. In contrast, a decrease was observed for elderly residents over the last 20 years.
As a result, the young population has become more spatially concentrated, while the elderly population has
become less spatially concentrated. The calculated z-scores are positive and statistically significant, indicating that
both age groups studied are clustered, that is, areas with high (hot) and low (cold) values tend to be close,
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- Increase in both total population and elderly over age 75

:] Increase in total population, decrease in elderly over age 75

:] Decrease in total population, increase in elderly over age 75

- Decrease in both total population and elderly over age 75
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FIGURE 3 Distribution of the elderly (75 plus years) population in Latvia, 2000-2020. Source: Authors'
calculations based on Central Statistical Bureau data (CSB) of Latvia, (2022).

TABLE 2 Global Moran's | statistics for selected age variables.

Year 2000 2020

Age variable 0-14 75+ 0-14 75+
Moran's | 0.7025 0.8980 0.8719 0.7572
z-score 1236.7* 1581.9* 1336.1* 1160.4*
p-value 0.0000 0.0000 0.0000 0.0000

*statistically significant, p < 0.05.

respectively. Given the nature of data aggregation on the hexagonal grid, we used inverse distance to conceptual-

ize spatial relationships for both global and local analysis.

3.3 | Analysis of local spatial autocorrelation and clustering

While the global Moran's | index values show the general trend, the Getis-Ord Gi* shows the spatial pattern in local
spatial autocorrelation and clustering. We used the Getis-Ord Gi* statistics to detect the hot spots and cold spots of
young and elderly residents across the regional divides in Latvia. Different mapping techniques are used to depict
hot spots in spatial analysis (Chainey et al., 2008; Songchitruksa & Zeng, 2010). We used the previously described
unified hexagonal grid to map the residential patterns of the young and the elderly, effectively aggregating the data
and spatial details by the specified area of 16 hectares. Hot spots detected through this mapping approach are
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FIGURE 4 Getis-Ord Gi* statistics for the young population (0-14 years old), 2000 and 2020. Source: Authors'
calculations based on Central Statistical Bureau data (CSB) of Latvia, (2022).

restricted to the shape of the grid cells, which should be considered when interpreting the results. The local
Getis-Ord Gi* statistic demonstrates the diversity of clusters, which considers various confidence intervals. The
result of the Getis-Ord Gi* statistic in 2000 showed multiple areas of statistically significant high clustering of young
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FIGURE 5 Getis-Ord Gi* statistics for the elderly (75 plus) population, 2000 and 2020. Source: Authors'
calculations based on Central Statistical Bureau data (CSB) of Latvia, (2022).

residents in the rural regions and low clustering in eastern Latvia (the Latgale region). Thus, the hot spots of young
residents in 2000 are sparsely located across the country, apart from the Latgale region. In 2020, the hot spots of

young residents were more clustered in the Riga metropolitan region, especially in the suburbs, all the largest towns,
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and their surrounds, including the Latgale region (Figure 4). The concentration of cold spots in 2020 remained high in
Latgale and was visible in other regions of Latvia to a much lesser extent.

Similarly, the Getis-Ord Gi* analysis revealed a noticeable regional split in easternmost Latvia, which is typically
older with high clustering of elderly residents in the Latgale region (Figure 5). The hot spots indicate that the elderly
in 2000 were mainly concentrated in rural areas in the east of the country. Meanwhile, a noticeable cold spot of
elderly residents was detected in the capital city, Riga, and some areas around the large towns in the
nonmetropolitan regions other than the Latgale region.

The Getis-Ord Gi* results revealed interesting changes when comparing the two studied years. The Riga
metropolitan region highlighted a clear cold spot in the capital city and its suburbs in 2020 for elderly people. In fact,
elderly cold spots were found in all the nonmetropolitan regions around the largest towns. Conversely, hot spots for
the elderly were still primarily concentrated in rural areas of the country's easternmost region and, to a lesser extent,

in certain rural areas of nonmetropolitan regions.

4 | CONCLUSION

Over the past two decades, a declining and ageing population have been the most significant demographic
phenomena in Latvia. Fertility rates in all regions of the country have long been below the replacement level,
resulting in natural population decline, while the continuing increase of life expectancy has increased number of
older people. The only areas experiencing population growth are suburbs in the Riga metropolitan region, where
in-migration from the core city and all nonmetropolitan regions is primarily driving population increase. This
unprecedented demographic shift has substantially impacted the population's size and composition across Latvia's
regions. Although the elderly population is increasing, their increase is rather heterogeneous across the regions, and
there is a lack of geographical study to contextualize adequately and theorize the relationships between population
change and ageing, and more specifically, residential patterns of certain age groups.

This study analyzed changes to the size of the young and the elderly populations in the context of the overall
population dynamics and explained geographical variation in the residential patterns of both considered age groups.
We used spatial analysis and mapping techniques, which allowed us to respect the established metropolitan/
nonmetropolitan divide and take advantage of the fine-grain data.

There have been significant changes in the population's gender-age structure during the observed period, with a
substantial increase in the number of elderly people in all regions of Latvia and a noticeable gender imbalance in age
groups above 65 years of age. Meanwhile, the results of our study reveal that the population growth in the suburbs
of the Riga metropolitan region largely overlaps with the growth of the young and the elderly in these areas. Thus,
despite initial expectations, there was no remarkable divergence in the dynamics of analyzed age groups within the
Riga metropolitan region. The results indicate that the increase of the young and the elderly tend to converge in the
metropolitan region. In contrast, all of Latvia's nonmetropolitan regions have experienced an overall decline in the
total population and the young population, along with an increase in the elderly population, indicating more
pronounced ageing. The exception is the easternmost Latgale region, which has experienced depopulation over the
past two decades. Population decline is set to overtake population growth and, alongside regionally uneven ageing
patterns, become the primary trend of population dynamics in most European countries (Kashnitsky & Aburto, 2020;
Newsham & Rowe, 2022).

The findings indicated that both the young and the elderly in Latvia exhibited spatial autocorrelation on a
global and local scale. The global Moran's | and the Getis-Ord Gi* spatial autocorrelation methods identified
statistically significant clustering of both studied age groups. In the case of both age variables and across both
analyzed years, the global Moran's | statistics revealed statistically significant moderate or strong spatial autocor-
relation. Positive autocorrelation of the young and the elderly means there is a tendency to cluster spatially

across the applied hexagonal grid. An analysis of local spatial autocorrelation statistics revealed a division into
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metropolitan/nonmetropolitan regions or more precisely, into central eastern Latvia, where the former is charac-
terized by more favorable demographic trends, especially Riga's suburbs. We found less pronounced residential
clustering of the elderly (aged 75 years and over) in areas with positive demographic dynamics, such as
in-migration and lower fertility rates, particularly in the Riga metropolitan region. Similarly to other case studies
conducted in CEE countries, our results show that the proportion of the elderly population is growing in both
metropolitan and nonmetropolitan areas, with the growth being more rapid in nonmetropolitan regions
(Kacerova et al., 2022; Kurek et al., 2020; Vaishar et al., 2020). At the same time, the increase in the share of
children is exclusively limited to the metropolitan area. Our findings on the elderly population align with studies
of ageing patterns beyond CEE countries, for example, in Spain, where more urbanized areas are found to age
at a slower rate (Gutiérrez Posada et al., 2018). The study showed that spatial autocorrelation methods can be
useful in analyzing age variables, including their temporal variation. Spatial autocorrelation at a fine-grain resolu-
tion can be a useful tool in analyzing the extent of processes, such as suburbanization, gentrification, and rural
shrinkage.

Our analysis of population dynamics, depopulation pathways, and residential patterns of the selected age groups
has important policy implications. It can serve as a useful tool to identify at-risk areas and regions of future concern
in need of urgent policy intervention to mitigate or prevent the negative consequences associated with population
decline and ageing. Moreover, the ageing population require direct and sustained public services, provisions, support,
and resources. Therefore, the applied methods of spatial statistics may support identifying vulnerable areas charac-
terized by similar or different values of selected demographic variables, allowing for the monitoring and planning of
needed services.

Further research is required to thoroughly investigate the spatial and temporal relationships in population
change, ageing, and distribution. In comprehensive policy design, it is important not to overemphasize the focus on
the elderly population and also consider the changes in the number and proportion of children. As Latvia, along with
the other CEE countries, is becoming one of the more rapidly ageing in Europe, policies must be adaptive, especially

considering that the elderly population is also becoming more spatially dispersed.
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