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Abstract

Population change in Germany at the sub-national level is particularly driven by changes in net
international migration and overall internal migration patterns, namely between urbanization,
suburbanization and counter-urbanization. Official population projections at the county level only
consist of one scenario, thereby omitting uncertainty that arises from changing patterns in the
assumed components of demographic change. We use a cohort-component model that incorporates
the spatial distribution of a net number of international migrants and internal migration matrices to
provide population projections for 401 counties in Germany until 2070, encompassing a range of nine
international and internal migration scenarios. Our results highlight the variability in possible
population change in terms of population structure, size, and spatial distribution. According to our
scenarios, the total projected population of Germany is expected to range between 74.25 to 86.84
million people. There are considerable differences in expected population change both spatially (e.g.
between urban and rural areas) and concerning county population age structure, depending on the
assumed absolute level of net international migration as well as the direction of internal migratory
patterns. Our results highlight the large role internal and international migration patterns will play in
future population development in Germany at the county level. We also discuss what our results and
the uncertainty of future population change at the regional level mean for local policy making and

planning.



1 Introduction

Since the early 1970s, the natural population balance of Germany has been negative (Findlay &
White, 2023; Swiaczny et al., 2008). Although life expectancy has experienced large increases, this
negative balance is largely the result of stagnated low fertility, which fell below the replacement rate
of 2.1 children per woman in 1970 for the first time since WW I, and has since remained below this
level (Luy & Potzsch, 2011). Thus, without a net positive international migration balance in the last 50
years, the overall population would have started to decline in the 1970s. Germany is not unique—in
other countries with similar demographic structures and sustained sub replacement fertility, the
importance of international migration on national and subnational population development has also
been recognized (for example, (Benassi et al., 2023; A. G. Champion, 1994; Livi Bacci, 2017; Parr, 2023).
In fact, much work has been completed to identify how differing migration scenarios may impact
projected population growth at the national level (Cafaro & Dérer, 2019; Marois et al., 2020; United
Nations Department for Economic and Social Affairs, 2023; United Nations Population Division, 2000).
Within Europe, in particular, levels of international migration impact the ongoing process of
demographic change and determine to which degree a negative balance of deaths over births can be
compensated and whether a decline in population (and ageing) can be avoided. At the subnational
level, population change also depends on levels and patterns of internal migration. Disparities in
regional patterns of population growth and decline, in both Germany and Europe, have been and are
expected to remain prevalent (Beer et al., 2010; Rees & Sander, 2019; Rees et al., 2012; Vanella et al.,
2023). Many rural regions have experienced large population declines due to out-migration to
structurally strong regions with more amenities and greater educational and economic opportunities,
especially among young adults and families (Stawarz et al., 2020). Thus, large regional differences in
the age structure of the population are also an important factor in regional population development;
rural areas in Germany differ greatly in their demographic development depending on their structural
strength, and structurally weak rural areas in Germany are particularly affected by population decline
(Maretzke, 2016).

The understanding of future sub-national population trends in Germany is important for several
reasons (Gans & Schlémer, 2014). By anticipating future growth or shrinkage of an area and the
progress of ageing, local plans and targeted investments can address needs for e.g. new infrastructure
such as housing, transportation, and schools. It can also improve resource allocation for public services

such as health and elderly care and recruitment and training for anticipated needs of specific labor



market segments. To provide policy makers and other local stakeholders with country-wide
information for Germany at the local scale, the Federal Institute for Research on Building, Urban Affairs
and Spatial Development (Bundesinstitut flr Bau-, Stadt- und Raumforschung, BBSR) regularly
conducts and publishes population projections at the level of German counties — equal to the NUTS-3
classification level (Maretzke et al., 2021).*

For its official projections, the BBSR uses a cohort component model, where future inputs for
fertility, mortality, and migration are modelled by clustering and extrapolating average county rates
from observed trends in the past. These assumptions render a distinct scenario for each county based
on a unique combination of future age- and sex- specific mortality, fertility, and internal and
international migration rates. While anticipated changes in mortality and fertility, based on recent
trends, are modest, especially international but also internal migration in Germany has fluctuated
greatly in the past, and future trajectories are difficult to anticipate. Additional projections of future
migration flows at the NUTS-3 level in Germany exist, but generally only one projected scenario of
regional population development is presented (Vanella et al., 2023). Given the overall variability in
migration patterns across both time and space, in the present analysis, we specify a combination of
distinct internal and international migration scenarios. This allows us to present an outcome range
within which the population is likely to fall at the sub-national level. The approach adds to the
understanding of how future county-level population numbers may differ in the context of various
migration trends.

Our results show that there is considerable variation in the expected future population size
between different regions. The most rural counties, especially in eastern Germany, are likely to
experience significant population decline. However, our findings are more ambiguous in the most
urban and structurally strong regions—in these areas, patterns of internal migration will play a role in
shaping future population trends between extremes of continuing growth and only slightly shrinking
populations. We present our findings according to an official BBSR classification of four county types
along the rural-urban continuum (Bundesinstitut fir Bau-, Stadt- und Raumforschung [BBSR], 2021).
The official names and English translations of these county groups are presented in Table 1, but will
henceforth be referred to as Type 1 to Type 4, where Type 1 generally refers to large cities of unitary

authority (independently governed large cities with more than 100,000 inhabitants), and Type 4 refers

1 As of 2023, there are 400 German counties, but this paper projects the population for 401 individual counties, the official
number in 2021.



to the most sparsely populated counties.! Figure 1 also shows the spatial distribution of these county

types.
Table 1: County typologies and distribution in 2021. Data: BBSR, 2021; own calculation.
Official German English translation In Paper Numl.aer of 2(.)21 I?(?pulation
counties (%) in millions (%)

Kreisfreie GroRstadte Unitarity authority cities Type 1 66 (16.5) 24.4 (29)
stadtische Kreise Urban counties Type 2 137 (34.2) 32.3 (40)
Landliche Rdume mit Rural counties with incipient
Verdichtungsansatzen urbanization Type3 102(254) 14.3(17)
Dinn besiedelte Iandliche Raume Sparsely populated rural counties Type 4 96 (23.9) 12.2 (14)

2 Background

2.1  Subnational development as a result of aggregate internal migration patterns in
Germany

Longitudinal patterns of internal migration to and from urban and rural areas in Germany have
often been characterized as a helix pattern (Bundesinstitut fiir Bevélkerungsforschung [BiB], 2023). As
shown in Figure 2, internal migration is marked first by suburbanization patterns in the 1990s following
the reunification of Germany (Gans, 2000; Leibert et al., 2022; Maretzke, 2010) — driven partly by
catching up of eastern Germany where suburbanization had previously been discouraged by the state.
This period is followed by a shift to re-urbanization with rising migration to large cities in the first
decade of the 2000s—peaking between roughly 2005 and 2011. A return to suburbanization (and to a
smaller degree counter-urbanization) followed—after 2011, net moves out of large cities first declined,
then turned increasingly negative, a pattern continuing through today. In 2020, during the COVID-19
pandemic, the total level of migration dropped, but the overall patterns of out-migration from large
cities to other regions remained (Stawarz et al., 2022; Stawarz & Sander, 2020; Stawarz et al., 2021).
This pattern has been consistent, in general, with the so-called “Concept of Differential Urbanization,”
which postulates that cities of differing size experience continuous cycles of net growth due to varying

migration patterns over time (Geyer & Kontuly, 1993).

1 The classification across the urban-rural spectrum is based on counties and subject to MAUP issues Openshaw (1984)— the
analysis is scale dependent. However, due to data limitations, projections on the municipality level are beyond the scope of
this paper. Some medium sized cities of similar population size, for example, are either independent city counties of unitary
authority (comprising only the area of the city) or part of larger counties, where the population density ranges from urban
to suburban and different degrees of rural.
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Nonetheless, the cyclical “urban-rural” helix narrative and the role it plays in the redistribution of
population at a local level remains decidedly complex. Not all cities continuously gain population
during periods of urbanization, and migration patterns remain unique within and between rural
regions and individual labor markets, which is especially influenced by the structural capacity of a
region (Busch, 2016; Maretzke, 2016; Stawarz & Sander, 2020). While the specific dynamics that have
contributed to the development of regional migration patterns in Germany are less studied (Kemper,
2004), they are important to understanding the potential future of internal patterns of migration in
Germany, even if some of these factors themselves cannot be predicted given the lack of disaggregated
spatial data in Germany.

Between 1995 and 2010, the overall intensity of inter-county migration remained quite stable, but
there were nevertheless large increases in intensity of migration in the age groups 18-24 and 25-29,
associated with educational and early career moves (Shuttleworth & Champion, 2021). Additionally,
increased housing costs are found to have been positively correlated to net outmigration out of urban
areas in Germany since at least 2004. In other European countries, similar suburbanization/re-
urbanization processes have been recognized (Dembski et al., 2021; Karsten, 2020).

In the 1990s, young adults and families, i.e. those age groups with the highest propensity to
migrate, were responsible for a large amount of the suburbanization occurring in Germany, specifically
from urban centers to their hinterland (Stawarz & Sander, 2020). This process was driven by an
unprecedented number of households, and therefore demand for housing with good access to vital
infrastructure, such as schools and other local amenities, that were more affordable in suburban areas
(Buch et al., 2014). In fact, outside of the periods of high east-to-west migration, the average distance
moved between counties is not very high. This implies that decisions for these internal movements are
not determined predominantly by search for employment but rather by the perceived advantages of
living in one type of area over another, within a region defined by convenient commuting distances to
existing jobs (Busch, 2016; Stawarz & Sander, 2020).

The age distribution of internal migration described above can have an additional impact on
population change at a sub-regional level. In areas that gain from migration, a higher number of
women in childbearing age can result in a larger number of children born, even if fertility rates remain
low. Thus, the variation in internal migration patterns, specifically among younger ages, are especially
important as a factor in setting assumptions for population projections. In addition, the COVID-19

pandemic and the establishment of widespread telecommuting possibilities has also been found to



play a role in both the total level of internal migration and migration out of large cities in 2020 (Stawarz
etal., 2022) .

Moreover, distinct patterns of migration between former East and West Germany also contribute
to the overall picture of internal migration. After an exceptionally high inflow of East Germans to the
west directly following German reunification in 1990, east to west migration patterns gradually
declined but remained high (Stawarz et al., 2020). This level again peaked in 2002 during a period of
economic stagnation in eastern Germany, before slowly declined to its current level. Conversely,
relatively low migration persisted from west to east until 2017, when for the first-time, migrants from
the west to the east (including former West Berlin) exceeded those from east to west.

Many aspects of East-west migration have a larger influence on overall migration patterns. While
push and pull factors related to age, sex, and education, such as employment opportunities, play a role
in the individual decision to migrate, the aggregation of these individual migration decisions plays a
significant role in subnational population change. East Germans with higher educational levels, existing
networks in the west, and interest in employment opportunities with better wages more often
migrated westward than others —and were on average younger than the mean age of their population
of origin (Glorius, 2010). The effect of these internal patterns on population decline in East Germany
was large and widespread. Due to demographic momentum, not only did ageing accelerate in former
East German counties, both rural areas and large industrial cities lost large quantities of inhabitants
both directly after reunification and in the decades following (Schlémer, 2010). However, since 2017
net positive outmigration from former East Germany ceased, driven by internal immigration to cities,
such as Dresden, Leipzig, and Potsdam — which have experienced a period of economic and
demographic rejuvenation. Moreover, Berlin and surrounding counties also experience net internal
gains from throughout Germany. This reversal in east-west migration is, nonetheless, heavily weighted
towards a relatively small number of thriving areas. The majority of rural counties and lesser urban
centers continue to witness a 30-year paradigm of outmigration, population loss and a vicious circle of

shrinking (Stawarz et al., 2020).

2.2 International migration patterns in Germany

Generally speaking, international migration in Germany since reunification can be characterized as
net positive, mostly directed towards structurally strong agglomerations and large cities, and with
periodic surges due to international conflicts. The countries of origin of migrants and the circumstances
under which their migration to Germany has taken place have evolved over time. Immigration

increased and became more heterogeneous. New forms of migration, such as family unification,
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supplemented and later replaced the immigration of “guest workers” that dominated immigration
from the late 1950s to the “oil crisis” in the early 1970s (Milewski & Swiaczny, 2012). In the late 1980s
and especially following the reunification of Germany in 1990, immigration was initially characterized
by resettled ethnic Germans, or “(Spat) Aussiedler”, and asylum seekers and refugees, for example
from former Yugoslavia (Heider et al., 2020).

While migration overall declined during the second half of the 1990s and remained relatively low
until about 2010, the share of migrants coming from member states of the enlarged European Union
(EU) started to increase. From 2010, immigration increased again. This migration under new EU
freedom of movement comprised in particular persons from southern and eastern European countries.
The number of international students attracted to university cities also increased in recent decades.

At the same time, Germany was the destination of a rising number of asylum seekers and refugees
during the last decade. In 2015, net migration peaked at 1.1 million persons — the net balance of 2.1
million immigrants and 1 million emigrants — most of them refugees from countries such as Syria and
Afghanistan. Most recently, between Russia’s invasion of Ukraine on February 24 2022 and March
2023, more than one million refugees from Ukraine were registered in Germany (Sauer et al., 2023).
These trends demonstrate that Germany has been a country of immigration for decades. With
migrants coming to Germany from a wide range of countries of origin, Germany has gained
demographically — not only did immigration compensate partly for the consequences of low fertility,
the population is now also more diverse than it was in the past (A. G. Champion, 1994; Deschermeier,
2016; Heider et al., 2020).

Nonetheless, the extent to which international migration contributes to the population dynamics
at the subnational level varies widely by region (Heider et al., 2020; Koérner-Blatgen & Sturm, 2015)
and is generally based on the background and preferences of international migrants (Heidland et al.,
2021). Despite variation in the age, educational level, country of origin, and other background factors
of migrants, especially large cities throughout Germany and structurally strong counties, particularly
in the south and west of the country, have attracted a larger number of immigrants in the recent past
as an initial location within Germany and continue to do so today, despite tight housing markets (Gans,
2017; Tanis, 2020). The reasons for the choice of destination is not necessarily due to sheer population
size of the destination region itself but is also associated with the specific features of these cities and
counties, namely traditional pull factors such as previously existing contact networks (“network
migration”) and economic and social opportunities, such as education and jobs (Haas, 2010; Lehmann

& Nagl, 2019; Tanis, 2020).



However, not all immigrants are free to decide on their place of residence. In years of high refugee
migration, the spatial distribution of incoming migrants varies from the normal patterns because
incoming asylum seekers and refugees — in contrast to other forms of immigration - are initially
distributed proportionally across the German states according to the “Konigstein Key” via the “EASY”
system (“Initial Distribution of asylum seekers” (EASY)), and the states can then reallocate asylum
seekers and refugees to a place of residence within the respective state where they must stay while
their application is processed (Deutscher Bundestag, 2015).! Thus, during years of high inflow of
asylum seekers and refugees, the relocation from the place of initial immigration to the assigned place
of residence creates additional cases of internal migration, which are reflected in inflated internal
migration flows. Subsequent internal migration after receiving a residence permit that includes
freedom of movement is again directed towards cities and other preferred counties of internal
migration. Of note, Ukrainian migrants entering Germany due to the Russian invasion beginning in
2022 are not subjected to these same regulations and are free to move within the country as desired
(Sauer et al., 2023). The population projections in this paper must reflect these complex and volatile

internal migration processes.

3 Data and methods

3.1 Dataand model

The projections in this paper are calculated using a cohort component model with single year sex-
and age- groups based on unique fertility, mortality, and migration assumptions for all 401 counties
(Preston et al., 2001). The base year of the model is 2021, and the projection horizon is 2070.

The input data for our model primarily comes from the input data used in the BBSR projections to
be published in 2024.2 County level mortality and fertility assumptions are based on past trends from
data collected by the German Federal Statistical Office. Age-specific fertility rates for each county were
calculated by the BBSR, based on a clustering-analyses to group similar counties and extrapolate rates
based on differences between and within the identified clusters until 2032, where they remain
constant at around 1.6 children per woman until 2070 (2040 in the official BBSR projections). For more

information, the specific calculation of input data is found in the BBSR technical report (Maretzke et

Lhttps://www.bamf.de/EN/Themen/AsylFluechtlingsschutz/AblaufAsylverfahrens/Erstverteilung/erstverteilung-node.html
2 Official projections by the BBSR are made using the SIKURS program. Projections made for this paper are made using an R
script that replicates the results computed with SIKURS.
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al., 2021). Mortality rates decline modestly until 2051, where life expectancy ranges between 81.1
(males) and 84.9 (females), then are held constant until 2070, in accordance with the BBSR
assumptions. Within our projection model, international emigration is calculated as an age specific
percentage of the current county population, which is then summed and added to a yearly net
international migration number to get the total number of projected immigrants. The net number of
expected immigrants are first allocated to counties, where they are then distributed by age according
to the county-specific age profile. For example, university cities receive a different age distribution of
immigrants than other counties with high immigration due to other processes. Internal migration flows
between each pair of counties is calculated according to a 401 by 401 probability matrix of the
expected proportion of the age- and sex-specific population in county i assumed to migrate to county
j.

While each county’s trajectory in each scenario is unique, we aggregate 401 county level results to
the four distinct county types based on the common BBSR classification (see Table 1 and Figure 1) in

order to better contextualize projected differences along the urban-rural continuum.

3.2  Migration scenarios

In order to understand the possible future evolution and spatial distribution of the German
population and given the variability of migration patterns over time, we consider three unique future
scenarios for both international and internal migration patterns and present the results of nine unique
combinations of these scenarios.

The assumptions for the internal migration scenarios are based on past trends for the four county
types and attempt to capture the different phases of the internal migration helix described in section
2.2, namely the urbanization observed in the early 2000s and the suburbanization trends occurring in
the 1990s and again in recent years (left Panel in Figure 2). These scenarios are constructed by using
the smoothed average proportion of county i that migrates to county j each year during the periods of
2006-2011 for the urbanization scenario and 2017-2021 for the suburbanization scenario. The period
2015-2016 has been excluded because of the distortion created by the exceptional immigration of
refugees. The “baseline” internal migration scenario uses the average of the years 2006-11 and 2017-
21, which captures an average of past suburbanization and urbanization trends (left panel in Figure 2).

We also incorporate three scenarios of international migration by varying the level of net
immigrants consistent with the high, medium, and low variants of the official “15" Coordinated

Population Projection of Germany” (Statistisches Bundesamt [Destatis], 2022a). Each of these variants
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considers the large influx of Ukrainian migrants in 2022. The peak observed level of migration in 2022
is modeled to steadily decline until 2032, when the numbers are held constant until 2070 at 150,000;

250,000; and 350,000 net migrants per annum for the low, medium, and high scenarios respectively.

Note on war in Ukraine: In our projections, we take special care when distributing the more than
one million Ukrainian migrants to Germany in 2022 due to the onset of the Ukrainian war. Before the
outbreak of the war, the distribution of Ukrainians throughout Germany was different compared to
other non-German populations, and the distribution of Ukrainian refugees also differed from the
expected overall distribution of international in-migrants in the model, as Ukrainian refugees were
allowed to freely migrate to and within Germany (Heider et al., 2020; Kosyakova, 2022). To factor these
migrants into our projections, we allocate them according to their unique age and sex distribution, as
well as by the relative distribution of registered Ukrainian refugees at the county level in 2022 using

data from the German Central Register of Foreign Nationals (BAMF-Forschungsdatenzentrum, 2023).

4 Results
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Table 2: Characteristics of projected population development by County Type and migration scenario combination, in 2021, 2040 and 2070

Migration Scenarios Mean County Percent
County Type Interna- internal Total Population in 1000s Mean Age Mean County Population in 1000s (sd) Change from 2021 (sd)
tional 2010 2021 2040 2070|2010 2021 2040 2070 2021 2040 2070 2040 2070
Type 1 (n=67) 23368 24445 24103 22259|42.6 42.4 42.8 43.0 |364.85 (511.57) 359.75 (519.32) 332.22 (490.19) |-2.35 (4.03) -10.51 (5.63)
Type 2 (n=132) Suburbanization | 31796 32299 31932 29025(43.0 44.4 455 453 244.69 (151.76) 241.91 (149.8) 219.89 (137.28) |-1.19 (5.01) -10.31 (7.46)
Type 3 (n=100) 14232 14258 13860 12444|43.8 45.3 46.8 46.4 |142.58 (66.05) 138.6 (63.75) 124.44 (58.03) |-2.68 (7.13) -12.51 (10.84)
Type 4 (n=102) 12355 12236 11791 10526|44.3 46.0 47.5 47.1 |119.96 (56.03) 115.6(56.89)  103.19 (53.38) |-4.59 (7.75) -15.39 (11.78)
Type 1 (n=67) 24678 23093 42.8 43.2 368.33 (537.27) 344.67 (516.95) |-0.85 (4.43) -8.43 (6.4)
Type 2 (n=132) g Baseline 31874 29022 45.5 45.2 241.47 (150.8) 219.87 (139.22) |-1.5(5.28) -10.51 (8.23)
Type 3 (n=100) - 13649 12129 46.8 46.3 136.49 (63.26) 121.29 (57.48) |-4.13 (7.37) -14.67 (11.44)
Type 4 (n=102) 11498 10067 47.7 47.0 112.73 (54.63) 98.7 (50.01) -6.6 (7.12) -18.59 (11.17)
Type 1 (n=67) 25180 23835 42.8 433 375.82 (552.51) 355.74 (540.03) |0.52 (6.74) -6.47 (9.58)
Type 2 (n=132) Urbanization 31813 28994 455 45.2 241.01 (151.89) 219.65 (141.58) |-1.81 (6.45) -10.79 (10.25)
Type 3 (n=100) 13462 11846 46.9 46.2 134.62 (63.02) 118.46 (57.54) [-5.42(8.11) -16.65 (12.71)
Type 4 (n=102) 11257 9690 47.8 47.0 110.36 (52.89) 95 (47.69) -8.17 (7.95) -21.09 (12.35)
Type 1 (n=67) 24972 24285 425 42.7 372.71 (540.18) 362.46 (537.76) |0.98 (4.35) -2.6 (6.34)
Type 2 (n=132) Suburbanization 32855 31439 452 45.0 248.9 (154.08) 238.17 (148.53) [1.66 (5.44) -2.83 (8.42)
Type 3 (n=100) 14226 13430 46.5 46.1 142.26 (65.35) 134.3 (62.55) -0.06 (7.69) -5.5(12.11)
Type 4 (n=102) 12078 11331 47.2 46.8 118.41 (58.32) 111.09 (57.52) [-2.24 (8.19) -8.88 (12.98)
Type 1 (n=67) e 25562 25178 425 42.8 381.52 (558.54) 375.79 (566.28) [2.53 (5.12) -0.36 (7.59)
Type 2 (n=132) -_g Baseline 32793 31429 452 449 248.43 (155.13) 238.09 (150.67) |1.34 (5.88) -3.07 (9.43)
Type 3 (n=100) ) 14010 13094 46.5 46.0 140.1 (64.87)  130.94 (62.03) [-1.54 (8.01) -7.81 (12.82)
Type 4 (n=102) = 11780 10844 47.4 46.7 115.49 (56.04) 106.32 (54.01) [-4.29 (7.66) -12.26 (12.45)
Type 1 (n=67) 26077 25972 42.5 43.0 389.22 (574.14) 387.64 (590.88) [3.95 (7.6) 1.76 (11.1)
Type 2 (n=132) Urbanization 32728 31393 45.2 44.9 247.94 (156.27) 237.82 (153.24) |1.02 (7.14) -3.39 (11.67)
Type 3 (n=100) 13817 12791 46.6 45.9 138.17 (64.65) 127.91 (62.16) [-2.87(8.78) -9.93 (14.19)
Type 4 (n=102) 11533 10444 47.5 46.6 113.07 (54.3) 102.39 (51.62) |[-5.88 (8.69) -14.91 (13.92)
Type 1 (n=67) 25840 26312 422 42.4 385.68 (561.08) 392.71 (585.38) |4.32 (4.79) 5.31 (7.18)
Type 2 (n=132) Suburbanization 33778 33853 44.9 44.7 255.89 (158.38) 256.47 (159.82) |4.52 (5.92) 4.65 (9.44)
Type 3 (n=100) 14592 14417 46.2 45.8 145.92 (66.96) 144.17 (67.1) [2.56(8.31) 1.51 (13.44)
Type 4 (n=102) 12365 12136 47.0 46.5 121.23 (59.77) 118.98 (61.68) [0.11 (8.66) -2.35(14.21)
Type 1 (n=67) 26447 27264 422 42.6 394.73 (579.85) 406.92 (615.66) |5.91 (5.87) 7.72 (8.84)
Type 2 (n=132) 'go Baseline 33712 33836 449 44.7 255.39 (159.48) 256.33 (162.15) |4.18 (6.5)  4.37 (10.68)
Type 3 (n=100) = 14370 14060 46.2 45.7 143.7 (66.51) 140.6 (66.63) 1.04 (8.68) -0.95 (14.25)
Type 4 (n=102) 12061 11622 47.1 46.4 118.24 (57.47) 113.94 (58.03) [-1.97 (8.24) -5.93 (13.76)
Type 1 (n=67) 26976 28110 422 42.7 402.62 (595.8) 419.55 (641.78) [7.39 (8.5) 9.99 (12.66)
Type 2 (n=132) Urbanization 33644 33792 449 44.6 254.88 (160.68) 256 (164.93) 3.84 (7.85) 4.01(13.1)
Type 3 (n=100) 14173 13737 46.3 45.6 141.73 (66.31) 137.37 (66.81) [-0.32(9.49) -3.21 (15.71)
Type 4 (n=102) 11809 11198 47.2 46.3 115.78 (55.73) 109.79 (55.57) |-3.59 (9.46) -8.72 (15.51)
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Across all nine migration scenario combinations, the projected total population for Germany in 2070
ranges between 74.25 million (suburbanization internal and low international) and 86.84 million
inhabitants (urbanization internal and high international). Our projections show that overall the
population of Germany is expected to decline in the future, but the level to which this occurs is dependent
on the amount of international migration, which is in line with results from other national-level projections
(Deschermeier, 2016; Fuchs et al., 2021; Destatis, 2022a). For example, the official “15" Coordinated
Population Projection of Germany” projects between 74.5 (low international migration) and 89.8 (high
international migration) million inhabitants. Our projections likely differ from these official ones due to
the dynamism of our internal migration matrix and slightly different assumptions regarding mortality and
fertility. The results in Figure 3 index the impact of varying internal and international migration scenarios
in each of the four county types to the 2021 base population — a value higher than 1 is equal to a gain in
that county type’s population in the given scenario and year relative to the 2021 population, and a value
lower than 1 is equal to a loss. In each inset, the distribution of the total expected loss/gain percentage in
2040 for each scenario of every county in the subgroup shows the variation in individual county projected
population dynamics.

The expected growth of Type 1 counties varies widely according to both international and internal
scenarios, but at the end of the horizon period, a gradient from most projected growth (15%) to loss (-9%)
exists from high to low net international migration, and from urbanization to suburbanization internal
migration scenarios. In nearly all projected high and middle international scenarios, the total population
of Type 1 counties is expected to be higherin 2070 than in 2021. The population in the middle international
migration scenario will peak before the end of the projection period. Overall, for Type 1 counties, the level
of international migration will play the largest role in the extent of population gain or loss, as international
migrants often settle in the largest cities (Heider et al., 2020). However, the difference between projected
Type 1 county population in the highest and lowest internal migration scenarios is between 6.4
(International low) and 7.4% (International high), meaning that the amount of population gain or loss in
Type 1 counties also depends on internal migration patterns. Contrary to the important role of internal
migration in Type 1, 3, and 4 counties, the projected change of population in Type 2 counties is scarcely
affected by the assumed internal migration scenario. Instead, the migration matrices in all scenarios, show

remarkable stable internal flows to and from Type 2 counties, and thus the expected population change,
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ranging between 5% growth and 10% loss, is projected to depend nearly entirely on the level of
international migration.

The projected population change of Type 3 counties by scenario is similar to that of Type 1 counties
with two obvious differences. The expected total gain or loss of the population between the base year and
2070 in Type 3 counties is much lower than in Type 1 counties. Type 3 counties are only projected to
experience a small increase of less than 1% compared to 2021 in the high international/suburbanization
scenario. These counties are projected to experience a loss of up to 2.4 million, roughly 17% of the 2021
population, in other scenarios. Additionally, the internal migration gradient among Type 3 counties is
opposite to that of Type 1 counties, as suburbanization scenarios would mitigate some of the expected
loss, while Type 1 counties obviously profit demographically from urbanization scenarios. In no
combination of international and internal scenarios does the total projected population of Type 4 counties
grow, and in fact, a scenario of internal urbanization and low international migration suggests a loss of
more than 20% of the total population by 2070. Nonetheless, the distribution of growth in individual Type
4 counties also reveals a bimodal peak in most scenarios; not all Type 4 counties are expected to lose
population relative to 2021 in 2040, despite overall projected loss, highlighting the major differences

between structurally strong and weak regions in rural areas (Maretzke, 2016).
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Table 3: Components of population change per 1000 inhabitants, by county type and migration scenario
combination, in 2040 and 2070

County Migration scenario combination Deaths Births Net internat. migration Net internal migration
Type International Internal 2040 2070 2040 2070 2040 2070 2040 2070
Baseline -11,20 -10,96 9,92 9,24 2,42 2,24 -2,44 -2,76

§ Suburbanization -11,37 -10,59 10,05 9,11 2,79 2,61 -3,54 -3,46
Urbanization -11,05 -11,29 9,81 9,35 2,10 1,91 -1,50 -2,12

— = Baseline -10,84 -11,41 9,99 10,11 3,85 3,78 -2,65 -3,22
§ '-EJEJ Suburbanization -11,00 -11,03 10,12 9,97 4,26 4,19 -3,78 -4,01
= p= Urbanization -10,70 -11,75 9,88 10,23 3,51 3,42 -1,69 -2,50
- Baseline -10,50 -11,86 10,06 10,99 5,18 5,32 -2,85 -3,67

':%D Suburbanization -10,66 -11,46 10,18 10,84 5,62 5,75 -3,99 -4,55
Urbanization -10,37 -12,21 9,95 11,11 4,81 4,93 -1,87 -2,87

Baseline -13,45 -12,38 8,67 7,95 1,50 1,47 0,65 0,63

§ Suburbanization -13,42 -12,37 8,63 7,91 1,43 1,41 0,71 0,66
Urbanization -13,48 -12,37 8,71 7,99 1,57 1,53 0,58 0,58

~ € Baseline -13,08 -12,84 8,75 8,68 2,54 2,55 0,75 0,77
§ % Suburbanization -13,05 -12,84 8,71 8,63 2,47 2,48 0,81 0,81
= p= Urbanization -13,11 -12,84 8,79 8,71 2,62 2,62 0,67 0,71
- Baseline -12,73 -13,31 8,82 9,40 3,52 3,62 0,84 0,91

-:tl‘-:" Suburbanization -12,70 -13,31 8,78 9,35 3,45 3,55 0,90 0,96
Urbanization -12,76 -13,30 8,86 9,35 3,60 3,70 0,75 0,84

Baseline -15,00 -12,94 8,08 9,35 1,72 1,72 1,34 1,51

§ Suburbanization -14,84 -13,23 8,02 9,35 1,51 1,48 2,02 2,00
Urbanization -15,15 -12,68 8,13 9,35 1,92 1,94 0,69 1,07

™ = Baseline -14,61 -13,39 8,15 9,35 2,68 2,71 1,44 1,74
g = Suburbanization -14,46 -13,69 809 9,35 2,45 2,46 2,14 2,28
= p= Urbanization -14,76 -13,13 8,21 9,35 2,90 2,95 0,78 1,24
- Baseline -14,25 -13,84 8,22 9,35 3,58 3,70 1,53 1,96

-:tl‘-:" Suburbanization -14,09 -14,15 8,16 9,35 3,33 3,42 2,25 2,55
Urbanization -14,39 -13,57 8,28 9,35 3,81 3,95 0,86 1,41

Baseline -16,04 -13,24 7,72 9,35 1,77 1,76 1,88 2,16

§ Suburbanization -15,77 -13,74 7,68 9,35 1,49 1,45 2,98 2,89
Urbanization -16,27 -12,80 7,76 9,35 2,01 2,01 0,92 1,53

< € Baseline -15,65 -13,68 7,78 9,35 2,66 2,68 2,01 2,46
§ % Suburbanization -15,39 -14,20 7,74 9,35 2,35 2,35 3,13 3,28
= p= Urbanization -15,88 -13,24 7,82 9,35 2,92 2,95 1,04 1,76
- Baseline -15,28 -14,13 7,85 9,35 3,50 3,59 2,14 2,76

-:tl‘—:" Suburbanization -15,03 -14,66 7,80 9,35 3,17 3,24 3,27 3,67
Urbanization -15,50 -13,67 7,89 9,35 3,78 3,88 1,15 1,99
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4.1 Spatial distribution of population change over time

At the county level, noticeable regional trends can be discerned. Figure 4 illustrates the number of our
migration scenarios (out of 9) in which the population of counties grows from 2021 to 2040 (left) and to
2070 (right) respectively. The inset bar graphs show the distribution of this 0-9 gradient by county type.
Thus, the white counties are projected to gain population in no scenario, while the black counties are
projected to experience population growth in all scenarios. The colors in between show the relative
uncertainty in population dynamics (loss or gain) depending on the assumed migration patterns. Given
that the expected initial growth of the population in Germany is projected to slow down over time, it is
unsurprising that in 2070, many more counties are expected to lose population under all scenarios, relative
to the situation in 2040.

Despite the variation of projected patterns across all scenarios, there are still some counties expected
to gain population in all nine scenarios in 2070, and they are not all Type 1 counties. The counties expected
to gain include Berlin, other big cities, such as Frankfurt and Hamburg, and some areas in southeast
Bavaria. Conversely, we project many counties to experience population loss under all scenarios, in both
2040 and 2070. These are concentrated in much of eastern Germany, parts of northern Bavaria, and rural
areas with older populations, such as the Saarland. Of note, the counties that are projected to already lose
population by 2040 do not change their path and gain population again in the decades after 2040. This
confirms that demographic momentum of population processes holds true for regional population
dynamics as well; without extreme shifts in the level and trajectory of migration patterns, a path of growth
or shrinking perpetuates itself into the future. Structurally weak areas with an unfavorable age structure
and low fertility will be unable to compensate for their relatively high death surpluses—for many counties,

the overall trajectories of their demographic future are decided.

4.2  Ageing as a component of projected population change

While we project individual population numbers of counties by varied internal and international
scenarios, population change also entails distinct shifts in the age structure and its change over time.
Ageing patterns of counties also differ according to their classification along the rural to urban spectrum.
We use projected dependency ratios (population 0-17 and 65+ divided by the population 18-64) in Figure

5 as an indicator of demographic ageing. As has been a trend in the last 10 years, all counties are expected
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to experience tremendous and rapid increases in the dependency ratio until at least 2035, due to the large
baby boomer population entering retirement age. From most urban (younger) to rural (older) county
types, a noticeable gradient in both the absolute value of this measure as well as the extent of expected
increase exists.

While aging in Germany is primarily a result of low fertility, the differences in county age structure are
a result of past and projected age-specific migration which continue to affect the rate of aging in individual
counties. For large cities, intensive in-migration through internal migration is driven by education and
employment in young age groups (18 to 29 years), while cities net-lose a population of younger families
(under 18 and 30 to 50 years) to areas with larger or more affordable housing in suburban counties (i.e.
Type 2). In contrast, in rural areas, the age structure is much older due to outmigration of younger cohorts
in the past and present, and is expected to remain so. Type 1 counties, which have a younger population
than others — 42.4 mean age in 2021 versus 46.0 in Type 4 counties — will see an increase from a
dependency ratio of 0.57 to between roughly 0.62-0.65 by the first peak in 2035, but Type 4 counties are
expected to rise from a current level of around 0.69, already higher than the highest projected ratio in
Type 1 counties, to more than 0.85 in 2035, a much larger increase of 0.14-0.19.

Between the different internal migration scenarios, few differences in projected dependency ratios
occur, and high net international migration lowers the overall level of dependency ratio, as international
migrants are usually younger than the average population. With the expected death of the baby boomer
cohorts, the dependency ratio begins to decline in 2036. Towards the end of the projection period, the
dependency ratio tends to stabilize, though the extent to which this happens is dependent on the county
type. Resulting from the assumption that fertility will remain stable after 2032 and life expectancy will only
moderately increase, the projected age structure will become more stable, meaning that the shape of the
population diagram is no longer changing. While, the overall values remain much higher at the end of the
projections period, some slight differences between the two most rural and two most urban county types
exist due to the effect of age-specific migration. Following its peak, although the dependency ratio flattens
or begins to slightly decline in Type 3 and 4 counties, urban areas witness another slight increase over
time.

Additionally, Table 3 shows each population component of change: deaths, births, internal and
international migration as a rate per 1000 residents in 2040 and 2070. Deaths and births constitute the

largest drivers of population change. Implicative of the age structures in each county type, the contribution
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of deaths characterizes a much larger percentage of population change as the county types shift from
urban to rural. Due to Germany’s persistently low birth rates, the percentage of births as a component of
change is lower than deaths, yet there is also a low to high gradient from rural to urban in the number of
births as a percentage of the population due to the younger populations in Type 1 and 2 counties. Net
internal migration contributes the least to population change in nearly all county types across years and
scenarios, with the exception of Type 4 counties during suburbanization scenarios. Net internal migration
in Type 2 counties is low (.58-.96 per 1000 residents) compared to international migration (1.41-3.7 per
1000 residents), implicative of the observed reciprocal internal migration trends in and out of Type 2
counties (Rowe et al., 2019). Despite the small value of net migration, internal trends in Type 2 counties
are not only stable but also large; total volume of internal migration in each scenario (the sum of in- and

out-goers) is higher in Type 2 than in Type 3 or 4 counties.

5 Discussion and conclusion

International migration will continue to be the primary driver of population change in Germany, both
for the country and across county types. Yet while the level of change in the future is dependent on the
number of immigrants, even the highest level of net international migration does not prevent projected
population loss in some counties. The dynamics of the changing population in Germany vary across county
types, but the largest span between growth and decline over the projected period is expected for urban
Type 1 and 2 counties. Large cities, for example, are expected to experience an initial increase in
population, even under a suburbanization scenario that favors rural population growth. However, over the
projection horizon, this begins to stagnate. In contrast, most of the rural Type 3 and 4 counties are
expected to begin or continue to decline in population, irrespective of the level of international migration.

The analysis performed for our projections showed that it is challenging to anticipate how internal
patterns of migration will evolve over time. Overall, projected population change at the subnational level
is highly variable, which we tried to capture in our internal migration assumptions. As the observed cyclical
helix-shaped trend of internal migration flows over the past 30 years may or may not continue in the
future, we cover the extremes of the expected outcome space by defining scenarios based on past periods

with high urbanization and suburbanization, in addition to a baseline scenario.
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Moreover, the extent to which internal patterns may or may not change is also likely to vary between
and within individual metropolitan regions. This overall uncertainty is related to the underlying
mechanisms that have driven this trend in the past; it is unclear neither to what extent cohort-specific
effects may have played on sub-regional population dynamics, nor the future role that technology may
play in reducing the need for certain professions to live close to one’s place of employment.

Historically, suburbanization has been driven by factors such as housing constraints (supply and
affordability) and access to desired amenities, such as schools and other infrastructure via public and
especially private transportation. These particular factors have not been associated with a move to remote
rural areas but instead led to the development of suburban areas close to the urban core (Mitchell, 2004).
However, if population is expected to decline overall, push and pull factors that played a role in the past
may have less impact on the desirability or necessity to migrate in the future. There has nevertheless been
a recent trend towards suburbanization, which began even before the COVID-19 pandemic created more
opportunities for remote work. Most likely, the increasing cost and shortness of housing observed in many
cities contributed to this process (Dembski et al., 2021). The current trend of a net loss of population from
cities to other regions also includes rising positive net migration rates to the two most rural county types
(counter-urbanization), meaning that the current internal migration patterns cannot directly be explained
entirely by the dynamics of out-migration from an urban core to the suburban hinterland (Karsten, 2020;
Mitchell, 2004).

Our projections show that the population size of independent cities (Type 1 counties) is particularly
variable in the future. As international migrants often initially settle into large cities before subsequent
migration within Germany may take place, a robust level of international migration contributes to growth
in cities, even when later on, suburbanization patterns of internal migration prevail. In this situation, while
internal migrants, including those international migrants who originally came to German cities, move over
the life course from Type 1 counties to Type 2, 3, or 4 counties, this out-migration from cities is normally
replenished by new immigrants from abroad (and smaller younger cohorts in search for education and
early career positions). Nonetheless, subsequent periods of urbanization as well as suburbanization in
Germany have caused a relative concentration of the population, resulting in additional development
around urban cores (Sander, 2017).

The change in age structure also plays a crucial role in the future population structure of Germany at

the subnational level. Urban cores, predominately Type 1 but also to some extent, Type 2 counties, have
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a younger age structure than Type 3 and 4 counties. In this regard, the larger proportion of females of
childbearing age in Type 1 cities — due to past and present migration of young adults to cities — results in
relatively more births in urban areas than in rural ones, even if the fertility rate remains universally low.
Concurrently, the older age structure in the Type 3 and 4 counties, in combination with higher death rates
in older ages, results in more deaths relative to the population, thus contributing to high levels of negative
natural population growth. Moreover, the projected level of international migration also contributes to
the younger age structure in Type 1 counties, because of the young age composition of international
migrants to the cities (Kérner-Blatgen & Sturm, 2015).

The population of Germany exceeded 84 million in 2022 due to the influx of refugees from Ukraine, a
new absolute record of total population (Destatis, 2022b). The spatial distribution of Ukrainian refugees
in Germany differs from the spatial distribution of other immigrants, with substantial numbers having
settled in areas with existing Ukrainian population and social networks, including both major cities and
counties in eastern Germany. Among the latter are in particular counties that were already experiencing
or projected to undergo population decline shortly. The long-term impact these migrants may have on the
mitigation of population decline in the receiving areas is unknown; in the future, these refugees may
remain in these counties, but they may also migrate internally for economic opportunities, return to
Ukraine, or even move to a third country. However, in the first year of the war, very few registered
Ukrainian refugees left Germany, and of those that moved within Germany, they generally moved within
the same city (Beer et al., 2010; Glorius, 2010; Sauer et al., 2023). While the projections consider the initial
distribution of Ukrainian refugees, the potential change of population at the county level, especially while
Ukrainians currently comprise approximately 1% of the total German population, is highly contingent on
the outcome and consequences of the war.

Regional population projections are subject to uncertainty and depend on assumptions of components
of demographic change that are complex to model--the smaller the level of scale, the greater the
challenges in accurately estimating and projecting rates. While fertility and mortality rates have been
relatively stable in recent decades and it is reasonable to expect that they remain so, migration patterns
are largely inconsistent, and it is therefore difficult to develop plausible future scenarios of movement. We
have shown that internal—and to an even greater extent international — migration patterns are not only
a source of uncertainty in projections but when altered, can lead to a wide span of potential outcomes,

which range from continuous growth with moderate ageing to steep decline and intense ageing. In
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contrast to different degrees of growth, a shrinking population is often part of and can reinforce a vicious
circle of economic downturn and loss of employment, trigger additional selective out-migration and ageing
as well as disinvestment in housing, infrastructure etc. Such depopulation processes often start and are
concentrated in peripheral rural areas or urban areas in economic crisis, where living conditions and
quality of life are under threat, and socioeconomic inequality and spatial disparities are increasing.
Furthermore, in sparsely populated areas, population decline has more severe implications for policy
making and spatial planning. Despite the challenges associated with population loss, such as reduced
carrying capacity for infrastructure and vital services when cities shrink, they nonetheless continue to
serve their respective hinterlands. However, shrinking rural settlements must adapt to a loss of function
with regard to the central place hierarchy, which often entails losing critical services.

Regional population projections, as a basis for policy making and spatial planning, are part of a complex
discourse and results can be misused to manipulate decisions. Under such circumstances, predicting
regional population decline impacts investment in future development of regions and migration decisions
of households and individuals, which can impede private and public investments, thereby creating a self-
fulfilling prophecy of a vicious circle of decline. Uncertainty in regional projection outcomes for policy
making and spatial planning increases when various scenarios and large prediction intervals indicate both
potential growth and decline, which each present different challenges. Given the role that regional
projections play, the process in which assumptions are decided should anticipate (negative) impacts of
results and be transparent and communicated accordingly to the public, focusing on the role of uncertainty
in decision making.

UNECE (Europe, 2019) recommends that projections additionally provide analysis of uncertainty and
sensitivity and prepare a range of plausible alternative scenarios and projection variants that are relevant
to stakeholders and policy makers. Using Germany as an example, we have shown that even in a traditional
cohort-component framework, scenarios for assumptions of internal and international migration are
important factors in potential spatial population change. Our scenarios account for a range of potential
international and internal migration patterns and thus indicate there is great uncertainty in future spatial

population change in Germany.
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Figures
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Figure 1: The spatial distribution of the county types as in 2021, where Type 1 is most urban
and Type 4 is the most rural. See Table 1 for a description of country types. Source: BBSR.

29



SUOI1B|NJ|BD UMO UO paseq ‘@seqelep YyHIN| :924nos ‘sadAy Aiunod
J0 uo1ldiIdsSap e o) T 9|gel 93§ "OlIeUSIS dul|aSeq JNO S1U3saIdal oMl 3S9Y] JO S3eI3AR ||BISAO DY) pPUB ‘OlIBUIIS UOIIBZIUBAJINGNS Y}
juasaudau |sued 1ySi 3yl ul TZ0Z-£TOC WOJ) SanjeA uesw 3yl ‘01JeuUIS uolleziuedsn syl Sulnp uialied uolesdiw [eulalul 8yl SMoys TT0C
-900¢ WoJj 3|3ue1dau 43| Y3 JO SAN|EA UBDW SYl-UMEIP 34 SOIIBUDIS |BUJIIUI BY] YdIYM wWody spoluad awil 3yl uasaidau |aued Y3| ayi
ul s9|3ueldas papeys Aead syl adAy Ayunod 03 Suipsodoe Auewuas ul SpuaJl UolleJ3IW |BUOIIRUIDIUI-IDU PUB |BUJIDIUI-}DU JUIIY g d4nSi4

t adAL £ adfL
z adfL T edfil
leah
0202 0102 0002 0661 0zZ0zZ 0102 000z 0661

0gg

r00F

[BUCIIEUIZIU| [=ISPERTN

(S000T W uonedbii 13N

30



's9dA1 AJqunod Jo uondidsap e 4oy T 9|ge 39S ‘00z Ul 9dA1 Ayunod yoes oy (sulpap Jo yimoud pardafoid o) saluolaafesy Ajunod
[ENPIAIPUL JO UOIINQIIISIP BY} MOYS S19sU| *sadA} AJunod N0y 9y} 0} SOIIBUIIS SUIU Japun uolle|ndod |e103 BYy1 JO UOIIN|OAS paldafoid ay] :g 94nSi4

ybiH o|ppilN MOT uoljEZIUEBGIN BUlj@Seg Uoljeziuedlngns
|euoijeuJsiu| |eulsiu|

r6'0

©
—

FTT

t 2dA]

c adA|

ZadA)

T adA

TZ0Z 03 pexapu|



*sadA} Asaunod jo uondiudsap e Joy T 9|qel
993G ‘adA1 AJunod 031 3uipaodoe umoys si yumou3 uoilejndod Jo soldeuads 3|qissod -0 JO UOIINQIIISIP SIY3 ‘Sdew 3yl yieaudapun "120¢ $0 JedA sujaseq ayy
ueyl 0/0c pue o0z ul uonejndod asow aney pajdadxa sI AJunod yoes ydiym ul (SoLIeuads uoleldiw aulu ayl JO 1n0) SOLIeUIS JO Jaquinu ay] i a4nSi4

¥ £ Z T [5) 8 £ 9 = ¥ £ Z T 0
I I .
adA] Aunoo ueb uopeindod yum SoLIBUSDS JO A3gUUNp
5] 8 L 5 g t £ Z T 0 5] 8 L 5 g ¥ £ Z 1 o]
I I . ] |
o I I o
05 & == o5 &
=X =X
0 0
o =]
o =
00T 2 0ot 2
) m
wl w

040C oroc




's9dA3 A13unod Jo uo13diIdSap e Joy T 9|ge | 99S "SOIJBUIIS UOIIeJSIW |BUJDIUI pUB |BUOIIBUJIDIUI 0} SUlplOdde 00T
[13un (9 01 8T pasde uolle|ndod syl 031 uolle|aJ Ul ‘9 33e anoge pue gT 93e mo|aq uolie|ndod) oizes Aduapuadap ay3 ul sadueyd parafold :g aindi4

L] _— I L] L] L]
ybiH SIpplll  MOT  UOIEZIUEQIN Duleseg uollezZiueqingns

[euoijeUIBIU| [euta3u|
1es A
L L L L L L L L L L 4
J 3 N J 3 3 N d 3 3 N
& o & @ & o & & & & &

 2dAL cadA] Z =adAL

T adA |

90

[~
(=]
oljey Aouspuadaq

80

33



	Title
	Abstract
	1 Introduction
	2 Background
	2.1 Subnational development as a result of aggregate internal migration patterns in Germany
	2.2 International migration patterns in Germany

	3 Data and methods
	3.1 Data and model
	3.2 Migration scenarios

	4 Results
	4.1 Spatial distribution of population change over time
	4.2 Ageing as a component of projected population change

	5 Discussion and conclusion
	Figures

