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1 | INTRODUCTION

Migration affects the size and composition of population and is, therefore, a fundamental component of
demographic shifts. With fertility rates falling below replacement level in most industrial nations, migration has

Correction added on 30 August 2021 after first online publication: The figure 2 layout has been updated in this version and appendix is moved to
supporting information.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

© 2021 The Author. Papers in Regional Science published by John Wiley & Sons Ltd on behalf of Regional Science Association
International.

Pap Reg Sci. 2021;100:1429-1447. wileyonlinelibrary.com/journal/pirs 1429


https://orcid.org/0000-0002-6490-125X
mailto:paula.prenzel@uni-greifswald.de
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/pirs

1430 | E PRENZEL

become the primary driver of population growth on a national and regional level. Moreover, since migration is often
selective, for example, with respect to age, gender, or skill-level, it also shapes the composition of population and
thus contributes to population ageing. However, although migration clearly affects demographic structure, regional
demography could in turn influence migration behaviour. Despite the current and predicted future extent of
population ageing in Europe and globally (Coleman, 2006), the question of how these changes in the age structure
may affect regional migration patterns has so far received relatively little attention.

Theoretically, population ageing may directly affect aggregate migration rates through shifts in the population
composition: older regions have fewer individuals in the most mobile life stages. However, demographic change is
also associated with changes in regional characteristics, which may influence a region's attractiveness for migrants
on an individual level. Strongly ageing regions may simultaneously experience adverse economic and labour market
conditions, which reinforces out-migration. Moreover, as public services and amenities are adapted to an older
population, ageing regions may become less attractive for younger individuals specifically. The relationship
between migration and population ageing may therefore be bi-directional as well as mutually reinforcing. This is
reflected in conceptualizations of regional demographic change as a circular process (e.g., Bontje &
Musterd, 2012; Hoekveld, 2012): regions with declining and ageing population may become continuously less
attractive to migrants. The interplay between migration and population ageing could thus lead to a polarization of
demographic structures.

Demographic change has far-reaching socio-economic effects, for example, on economic growth and productiv-
ity, provision of public services, and social cohesion. In this sense, the potentially reinforcing roles of population
ageing and migration are directly relevant for issues of regional development. However, despite progressing demo-
graphic change on a global scale, there is limited theoretical and empirical literature on how a region's demographic
structure affects individual migration behaviour. Micro-level studies emphasize the relevance of an individual's age in
migration decisions (e.g., Goetzke & Rave, 2013; Millington, 2000) but neglect the effect the regional age structure
may have on individuals. Aggregate studies of migration often include the share of young population (e.g., Biagi
et al., 2011; Hatton & Williamson, 2005; Rodriguez-Pose & Ketterer, 2012) but usually limit its discussion to that of
a control variable. While the impact of cohort size on mobility has been analysed for example for the baby boomers
(Plane, 1992; Plane & Rogerson, 1991), these studies focus purely on demographic effects and do not include
regional characteristics.

This paper therefore focuses on investigating the link between regional age structure and migration
behaviour explicitly and on an individual level. Using German administrative labour force data, we test whether
regional age structure affects employees' propensity to migrate as well as their destination choice. While descrip-
tive in nature, the analysis allows testing whether the patterns of labour migration are consistent with migration
and ageing as reinforcing or opposing processes, which is relevant in the discussion on policy responses to
population ageing.

With a median age of 45.9 in 2015, Germany ranks as the second-oldest country in the world (after Japan)
(UN, 2019) making it a relevant case to better understand the impact of further ageing around the world. We
analyse the effect of regional age structure on interregional migration decisions for employees in Germany
between 1997 and 2013. Focusing on interregional migration is particularly interesting because it allows
capturing the effects on both sending and receiving regions. In contrast to international migration, which
represents an addition of external population, interregional migration flows illustrate the growth of some regions
at the cost of depopulation in others. Moreover, because interregional migrants are more similar to the resident
population, institutional factors that may constrict international migration (language, transferability of degrees)
do not apply.

This paper proceeds as follows. First, the theoretical and empirical background is summarized. Second, the data
and methodology are described. Third, the results are presented for migration propensity and destination choice
before, fourth, discussing them and offering concluding remarks.
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2 | BACKGROUND
2.1 | Migration in times of demographic change

Demographic change in industrial countries is characterized by falling fertility rates and rising life expectancy. Jointly,
these effects slow population growth and lead to ageing. In Germany, where demographic change is relatively far
progressed, the number of deaths has exceeded births since 1973 (Destatis, 2015), indicating that, for almost
50 years now, population growth has been exclusively due to international migration. On a regional scale, the
negative natural balance means that shrinking German regions do not necessarily experience out-migration—some
regions shrink despite positive net migration. Simultaneously, the population is ageing: Between 1990 and 2013, the
share of population above 65 years increased from 15% to 21%, and the median age rose from 37 to 45 years
(Destatis, 2015).

Within Germany, roughly 9% of the population changes residence per year, which is intermediate in interna-
tional comparison (Sander, 2018). East-West migration was the prominent pattern in Germany for most of the
1990s. From 1991 to 2018, the total net migration from East Germany to the West is estimated at 1.2 million people
although migration has been balanced recently (Bundesinstitut fiir Bevolkerungsforschung, 2020). East-West migra-
tion is not only relevant due to its sheer volume but also because of its selective nature. Migrants from the East are
relatively young (Hunt, 2006; Kemper, 2004) and often female (Kréhnert & Vollmer, 2012). In line with the Roy
model, which predicts that higher-skilled individuals are motivated by relative earnings (e.g., Borjas et al., 1992),
East-West migrants are found to be positively selected on education (Arntz et al., 2014; Hunt, 2006) and earnings
potential (Briicker & Triibswetter, 2007).

As the driver of population growth in countries facing a birth deficit and with its selective qualities, migration is
relevant from perspectives of regional development. Although the net effect of immigration is still a contested topic
in the literature, migration clearly implies a redistribution of human capital with ambiguous consequences on both
sending and receiving regions (Faggianet al., 2017). For sending regions, selective migration of young and high-skilled
individuals is a loss of human capital but also implies that those who could contribute most to preventing or reversing
negative consequences of demographic change are more likely to leave. In contrast, more vulnerable population
groups (e.g., the elderly, low-skilled or those with low incomes) may not be able to migrate and thus get left behind
in shrinking and ageing regions, which may then act as “spatial traps” (lammarino et al., 2019). This aligns with
research suggesting that interregional migration does not sufficiently support regional economic convergence
(e.g., Fendel, 2016; Kubis & Schneider, 2016) and may even lead to further divergence, especially when migrants are
high-skilled (Granato et al., 2015).

In this sense, if population ageing reinforces selective migration of young and highly educated individuals,
demographic change could deepen regional disparities in economic terms and lead to increasing polarization of age
structures across regions. This is both because young individuals may be more likely to leave and because their

leaving further reinforces the process of ageing.

2.2 | Theories of age and migration behaviour

Age is a central factor in models of migration, especially on an individual level. In frameworks of human capital theory
(Becker, 1962; Schultz, 1961) and following Sjaastad (1962), migration is an investment decision evaluated by its costs
and benefits. A person migrates if the expected utility in the destination region less the cost of moving outweighs the
utility of staying in the origin region. Both costs and benefits of migration may depend on the potential migrant's age.
For instance, expected utility differences between origin and destination region (e.g., wage differences) accrue over
the remaining lifetime. A younger individual will have a longer period of activity remaining and thus accumulates the

benefits of moving for a longer time. Additionally, migration costs may increase with age, for example, because older
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individuals have collected a larger amount of local social or human capital (see e.g. Shaw, 1991) or face higher costs of
job search. Frameworks based on human capital theory as well as lifecycle approaches predict that, ceteris paribus,
moving will be more profitable and more frequent for a younger person than an older one (Newbold, 2018).

Migration propensity thus peaks in the early 20s and generally declines with age, implying that migrants
represent, on average, younger segments of the regional age distribution. In this sense, the role of ageing as a conse-
quence of migration is evident: if migrants are predominantly young, regions experiencing out-migration are
expected to age. Especially in the context of historical (global) migration patterns, such as rural-to-urban migration,
this notion of migration pulling away the young and leaving behind the old is intuitive. However, if we consider
migration decisions to be affected by origin and destination characteristics, limiting the consideration of ageing to a
consequence of migration assumes that these regional characteristics are independent of demographic structure. For
instance, disequilibrium perspectives of migration suggest that sustained out-migration of young population
eventually causes rising wages and falling housing costs in the origin region thus incentivizing a turn-around in
migration flows. But if regions are, over time, shaped by the demographic structure of their population, initial shifts
in the population age structure (whether caused by out-migration of the young or gradually due to changes in fertility
and mortality rates) may be accompanied by changes in regional characteristics, which condition future migration
behaviour. In the context of equilibrium models of migration, which acknowledge the relevance of amenities that
may only partially be compensated by wages (e.g., Clark et al., 2003), ageing could (e.g., through changes in regional
amenities) itself become a relevant push or pull factor rather than simply a consequence of migration.

More specifically, when considering potential links between regional age structure and migration, three channels
of influence can be distinguished: population composition, cohort effects, and age-specific sorting. Composition
effects arise because the age distribution of out-migrants depends on the age composition of the overall local popu-
lation (Little & Rogers, 2007). A region with a relatively old age structure should see less out-migration in absolute
terms simply because there are fewer individuals in the most mobile age groups. Empirical support for this notion is
established in the literature on the determinants of migration flows (e.g., Hatton & Williamson, 2005), although sig-
nificance may depend on model specification (Zaiceva & Zimmermann, 2016). On a regional level, Rodriguez-Pose
and Ketterer (2012) illustrate that young European regions face relatively more out-migration. While composition
effects may explain differences in mobility, it should be noted that they work on the aggregate rather than individual
level. Fewer people may leave older regions overall, but this does not imply differences in an individual's migration
propensity.

In contrast, the literature on mobility differences across generations shows that cohort size could affect
individual migration behaviour. Drawing on Easterlin's (1980) work, this stream of literature argues that large cohorts
face increased labour and housing market competition, leading to an increase in the prevalence of two-worker
households, which are less mobile. The large baby-boom generation could thus explain the reduction in internal
migration rates for the US (Cooke, 2018; Plane, 1992; Plane & Rogerson, 1991), although this result may not hold in
other contexts (e.g., Australia; Sander & Bell, 2016). Moreover, if large cohorts also reduce labour and housing
market opportunities for following cohorts, such “generational crowding” could reduce mobility for all age groups
(Cooke, 2018; Zaiceva & Zimmermann, 2016). In this sense, a relatively old regional age structure would be expected
to reduce migration propensity overall.

Lastly, migration may be influenced by regional age structure due to sorting mechanisms. Besides the costs and
benefits of migration varying with individual age, migration incentives may also differ depending on an individual's
life stage. The extensive literature on graduate mobility emphasizes labour market factors as motivating both
migration propensity and destination (e.g., Haussen & Uebelmesser, 2018; Venhorst et al., 2011). For older
individuals, labour market aspects diminish in importance, whereas housing costs and amenities become
more relevant in explaining migration patterns (Chen & Rosenthal, 2008; Clark & Hunter, 1992; Dorfman &
Mandich, 2016; Millington, 2000; Schaffar et al., 2019). Goetzke and Rave (2013) show that age groups evaluate
combinations of employment opportunities and amenities (capitalized into wages or property values) differently, with

ages 30-49 being particularly sensitive to employment and younger groups more sensitive to amenities.
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Thus, there may be sorting across regions based on the relative importance age groups place, for example, on
labour market factors versus amenities. Moreover, age groups may also have different preferences for types of
amenities, for example, in terms of public services demanded. If the provision of public services reflects local age
structure, this could affect a region's attractiveness for certain age groups. For example, school provision may be a
concern for families and thus factor especially in relocation decisions for these age groups but not for older ones.
In contrast, Dorfman and Mandich (2016) emphasize the relevance of health care access for migration among the
elderly. If such sorting mechanisms exist, we would expect differences in how migration decisions vary with regional
age structure for younger and older individuals.

Although the relevance of ageing for migration is thus theoretically acknowledged and touched upon in the
described literature, few studies empirically test the role of age structure as an explanatory factor in migration. A
notable exception is an analysis by Johansson et al. (2018), who show that European NUTS 3 regions with higher
shares of elderly population may receive smaller net migration but draw this conclusion from a cross-sectional aggre-
gate analysis with few control variables. This paper contributes to the literature by investigating whether an ageing
population may influence overall regional attractiveness for migration. In contrast to Johansson et al. (2018) and
most literature on age-specific migration determinants, this study analyses individual-level data. It should be noted
here that we do not claim a causal relationship between age structure and individuals' migration decisions but rather
focus on the reduced form effects of regional ageing. For instance, the regional age structure could capture the pres-
ence of age-specific amenities that facilitate sorting of individuals via migration. Nevertheless, using individual level
data avoids concerns of endogeneity of age structure that apply in aggregate analyses of migration flows. Moreover,
individual data allows distinguishing not only whether migration behaviour varies with the regional age composition
but also whether this effect differs by migrants' ages. Age groups may seek out regions where they are highly repre-
sented, as documented for elderly migrants in France (Schaffar et al., 2019). Such sorting would imply that migration
reinforces population ageing, which may explain previous empirical results of demographic polarization
(e.g., Gregory & Patuelli, 2015; Sabater et al., 2017) and raises concerns for future polarization of age structures. This
is an aspect of the interrelation between ageing and migration that has so far not received much attention in the

literature but is addressed explicitly in this study.

3 | DATA

The individual-level migration data is derived from the Sample of Integrated Labour Market Biographies
(SIAB7514%). This dataset represents a 2% sample of administrative labour force records in panel form and is repre-
sentative of employees covered by compulsory social security (sozialversicherungspflichtig Beschdftigte). Although the
self-employed and public servants are not included in this data, it represents the most detailed labour market records
available for Germany. Due to the data structure and because location is derived from the region of employment,
the sample is limited to full-time employees aged 18 to 62.

Individuals are classified as migrant or non-migrant for each year by considering the location of full-time employ-
ment spells that include June 30.2 If the current employment region differs from the following year's, the individual
is considered a migrant. We also collect age, gender, education level and daily wage for their current job (i.e., prior to
migration). The final sample comprises almost 6.2 million observations for 758,542 individuals. Between 1997 and
2013, 355,589 interregional migration events are observed, corresponding to 5.74% of the sample.

The geographic unit of analysis is an unbalanced panel of 326 district-regions as defined in the SIAB7514

dataset. These regions represent an adjusted version of German NUTS 3 regions where regions with less than

Data access was provided via Scientific Use File by the Research Data Centre (FDZ) of the German Federal Employment Agency (BA) at the Institute of
Employment Research (IAB).

2For a small number of cases, multiple full-time employment spells are recorded. If the location of these alternative spells was the same, the first spell was
used. Otherwise, the observations were excluded.



1434 | E PRENZEL

100,000 inhabitants are aggregated upwards. The individual data is combined with regional characteristics obtained
from the Federal Statistical Offices' Regional Database Germany and INKAR, the database of the Federal Office for
Building and Regional Planning. The core variable of interest, regional age structure, is measured via the share of
population above 65 years (elderly share). The results are robust to using labour market regions instead of NUTS
3 regions and alternative measures of ageing (mean age of the labour force and the Billeter J index). Results for the

robustness checks, variable descriptions and summary statistics are provided in the Appendix.

4 | METHOD

We analyse individual-level labour migration in a separate framework for migration propensity and destination
choice. A caveat of this approach is that it assumes sequential decision-making, while the decision whether to
migrate may be interrelated with the destination choice. Nevertheless, the literature on individual migration
commonly models generation and distribution components separately as it is computationally and intuitively simpler
(Cushing & Poot, 2004). As we are primarily interested in whether migration patterns are differentiated by regional
age structures and not by the fundamental migration decision, we follow this approach and investigate the role of

regional age structure separately for propensity to migrate and for destination choice.

4.1 | Propensity to migrate

To examine the relationship between regional age structure and propensity to migrate, we estimate a model with a binary
dependent variable of migration (y =0 for non-migrants or y = 1 for migrants). The logistic regression model is derived
from an underlying latent variable specification where the decision to migrate depends on the main variable of interest,

share of elderly population, a set of individual controls (IC;) and a set of regional controls for the origin region (RC,).

y; =a+ pelderly, +yIC;+ 6RC, +&; yi=Ily; >0], 1)
P(yi=1|x)=P(y; >0|x) =Ple; > (a+ pelderly, + yIC; + 6RC;)|x]. (2)

The individual controls include age, age squared (to account for the non-linear shape of migration propensity),
gender, education level, wage at the current job (i.e., pre-migration) and a dummy for whether this individual has
migrated previously. In line with the literature on regional determinants in migration (e.g., Biagi et al., 2011;
Rodriguez-Pose & Ketterer, 2012) we control for economic conditions (GDP per capita, unemployment rate, share of
manufacturing in value added) as well as population size, share of employees with tertiary education and dummy
variables for urban and East German regions (excluding Berlin). As a proxy of broad regional attractiveness due to
non-economic factors (such as landscape or cultural amenities), we follow previous studies (e.g., Tanis, 2020) in
including population-normalized hotel capacity. Since the microdata here refers only to interregional labour
migration, international migration is not captured. However, differences in the scale of international migration may
affect interregional migration patterns, for example, because of increased competition on the labour or housing
market or, in the sense of Florida's (2002) melting pot arguments, because (cultural) diversity itself increases regional
attractiveness. To roughly account for the relevance of international migration, the share of foreign citizens in the
regional population is included as a control variable. Assuming that e; has a standard logistic distribution, we can

estimate propensity to migrate in a logistic regression model through maximum likelihood estimation of:

Py — 1) = exp(a+ pelderly,; 1 +yICit+SRCre_1+py) 3)
i 1+exp(a+pelderly,; 1 +yICis+SRCp_1+py)
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Since each migrant also contributes to the regional age structure, there is potential simultaneity, which is
lessened by lagging the regional characteristics in (3) by one year. To account for unobserved period effects, year
fixed effects are included. Also, although the microdata has a panel structure, the results reported here are estimated
using the pooled dataset with standard errors clustered by individual.® Finally, as an extension to the model, interac-
tion effects between the individual and regional characteristics are included to test whether the effect of the regional

age structure varies across age groups and education levels.

4.2 | Destination choice

As a second stage, this paper addresses the question whether regional age structure is related to migrants'
destination choices. For this purpose, the sample is restricted to migrants only. Every migrant has a choice of 325 -
district-regions (i.e., all but the origin region) and a dummy variable denotes the region that gets selected.

To estimate the destination choice, we restrict the dataset to yearly cross-sections for two reasons. First,
multiple observations in the unbalanced panel dataset may confound the analysis because movers may be observed
more than once, implying that their decision is weighted more than that of a single mover. Second, the choice model
has large computational requirements as the dataset requires one row per potential destination per individual. Thus,
the choice model for the 355,589 observed migration events requires simultaneous analysis of 115 million rows of
data. We therefore follow Davies et al. (2001) in implementing yearly cross-sections in order to reduce the
computational demands and solve the issue of multiple movers as each individual is only recorded once per year.

The destination choice can be analysed in the context of a random utility model where the utility of choosing
region j for each individual i is given by a systematic part (#'z;) that depends on a vector of characteristics of the

alternative (z;) and an immeasurable one (e;):
Uij=p'zj+ej, (4)

Utility maximization implies that region j gets selected if its utility exceeds the utility of all other options. The
probability that individual i chooses region j is:

P(y,» :j) S P(U,‘,' > U,'k) = P[Eik < ﬂ’Z,‘j + &jj *ﬂ’Z,‘k} VkeN,j#k (5)

According to McFadden's (1974) conditional logit model, the probability of observing individual i choosing region
jis then:

Py —j) = exp(f'z;) _ exp(pelderly;; 1 +6RCjy_1)
' SN ep(fzi) SIN,exp (B1elderlyy; 1 +SRCyp_1)

ke N,j #k. (6)

We estimate (6) by maximum likelihood estimation with the main variable of interest, elderly share, and the same
set of regional controls (RC) plus a measure of distance. To lessen simultaneity, the independent variables are again
lagged by one year, which implies that individuals are expected to choose destinations based on past rather than cur-
rent regional characteristics. The conditional logit model does not allow including individual characteristics directly
because they are constant across alternatives. However, by interacting individual characteristics with regional ones,
we can test whether the effect of the regional age structure varies with an individual's age or education.

It should be noted that conditional logit models rely on the assumption of independence of irrelevant alterna-

tives (llA): the probability of choosing region A over region B should not depend on other alternatives in the choice

3We can control for unobserved heterogeneity among individuals by estimating (3) as a panel logit model. However, besides absorbing time-invariant
individual characteristics, a panel logit estimation identifies effects only from individuals who are observed at least once as both a migrant and non-migrant,
which is why we present the pooled version as our preferred specification.
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share 65+ in 2013 change in share 65+ (1997-2013) net migration rate (1997-2013)
[ ] 152-180 A -03-00 [ ] -145--050
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Il >s86-116

FIGURE 1 Share of population above 65 years in 2013 (a), change in elderly share between 1997 and 2013 (b),
and overall interregional net migration rates from the SIAB data (c)

set. To test this assumption, the model could be re-estimated for combinations of different choice subsets, but, as
Davies et al. (2001) point out, testing all possible combinations is infeasible for models with many alternatives. Due
to size distortions, tests based on restricted choice sets may also not be reliable in empirical applications (Cheng &
Long, 2007). Moreover, Christiadi and Cushing (2007) argue that, especially when estimating average preferences
rather than substitution between alternatives, the conditional logit model serves as a good approximation regardless
of potential violations of IIA.

5 | RESULTS

Regions with a high share of elderly population are geographically concentrated in the east and north of Germany
(Figure 1a) and these are also the regions experiencing a strong degree of ageing between 1997 and 2013 (Figure 1b).
Indeed, the average increase in the share of elderly population is 8.7 percentage points in East German regions com-
pared to 4.6 in the West. However, it should be emphasized that population ageing occurs in almost all German regions.
Only three regions show a slight decrease in the share of population above 65 years: Trier (—0.33 percentage points),
Regensburg (—0.11) and Frankfurt am Main (—0.08). Panel (c) illustrates the overall extent of the individual migration
decisions captured in the SIAB microdata: it shows the net migration rate for the entire time period normalized by popu-
lation size. Geographical patterns are visible: regions in the centre and east of Germany largely show out-migration,
except for Berlin and its surroundings. However, interregional migration deficits are not limited to the east of Germany.
While large agglomerations, for example, areas around Munich and Hamburg, experience positive net migration, more
peripheral regions in the west also experience out-migration. Moreover, the majority of observed migration events are
relatively short distance: the average (centroid-to-centroid) distance migrated is 113 km with a median of 47 km.*

“The same measures were calculated for interregional migration flows from the German Migration Database (Sander, 2014). The measures for the sample
of individual moves are close to those in aggregate data (average 124.8 km and median 54.2 km). Thus, the migration of employees covered in the
SIAB7514 data seems comparable in scale to aggregate migration flows.
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TABLE 1 Logit model results for propensity of migration

(1)
share elderly 0.0095***

(0.0013)
age * elderly
medium educ * elderly

high educ * elderly

Individual Controls

age —0.0478***
(0.0013)
age? 0.0001***
(0.0000)
female —0.2160***
(0.0040)
medium educ 0.2456***
(0.0062)
high educ 0.4539***
(0.0057)
In wage —0.4474**
(0.0035)
repeat migrant 24771
(0.0041)
Regional Controls
In population —0.1750"**
(0.0036)
In GDP p.c. —0.0978***
(0.0108)
unemployment —0.0104***
(0.0008)
share manufacturing —0.0101***
(0.0002)
share high educ 0.0097***
(0.0007)
In hotel —0.1108***
(0.0033)
sh. foreign 0.0181***
(0.0007)
urban 0.0430***
(0.0064)
east 0.0799***
(0.0108)
Constant 2.5813***
(0.0693)
Observations 6,194,622

(2)

0.0847***
(0.0027)

—0.0021***
(0.0001)

—0.0123***
(0.0019)

0.0002***
(0.0000)

—0.2150***
(0.0040)

0.2453***
(0.0062)

0.4553***
(0.0057)

—0.4459***
(0.0035)

2.4886***
(0.0041)

—0.1743***
(0.0036)

—0.0985***
(0.0108)

—0.0108***
(0.0008)

—0.0101***
(0.0002)

0.0096***
(0.0007)

—0.1129***
(0.0033)

0.0180***
(0.0007)

0.0414***
(0.0064)

0.0853***
(0.0108)

1.2611***
(0.0819)

6,194,622

E | 1437

@3)

0.0162***
(0.0014)

—0.0173***
(0.0026)

—0.0340***
(0.0023)

—0.0486***
(0.0013)

0.0001***
(0.0000)

—0.2138***
(0.0040)

0.5637***
(0.0475)

1.0781***
(0.0418)

—0.4460***
(0.0035)

2.4786***
(0.0041)

—0.1760***
(0.0036)

—0.0997***
(0.0108)

—0.0102***
(0.0008)

—0.0100***
(0.0002)

0.0099***
(0.0007)

—0.1119***
(0.0033)

0.0176***
(0.0007)

0.0441***
(0.0064)

0.0734***
(0.0108)

2.4749***
(0.0696)

6,194,622

(Continues)
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TABLE 1 (Continued)

(1) () 3)
pseudo R? 0.155 0.156 0.155
P>y’ 0 0 0

Notes: Pooled model with year fixed effects and standard errors clustered by individual (in parentheses).
***p < 0.01. **p < 0.05. *p < 0.1.

5.1 | Migration propensity in ageing regions

The estimated coefficient for the share of elderly population is significantly positive across specifications (Table 1).
This indicates that, ceteris paribus, individuals in regions with an older age structure are more likely to leave than in
younger regions. The average marginal effect of a one percentage point increase in elderly population is a 0.05
percentage point increase in the probability of labour migration.

The individual-level explanatory variables are in line with theory and the empirical literature. An individual's age
is significantly negative for migration propensity with a positive squared term, and female full-time employees are
significantly less likely to migrate than men. Using the lowest educational attainment as base category, individuals
with medium and higher education levels are significantly more likely to migrate. Average hourly wage at the current
job is significantly negative, which is consistent with relocation to improve job prospects. The dummy variable
accounting for repeat migration is, as expected, significantly positive and quite large in magnitude, which implies that
migration is more likely if an individual has previously moved.

Regional population size and GDP per capita are significantly negative for migration propensity, indicating that
individuals are less likely to leave high-income regions and those with large populations. At first glance, the negative
coefficient for unemployment seems counterintuitive as adverse labour market conditions should act as a push
factor. However, the sample consists only of individuals who are currently employed and for whom migration would
be “job-to-job” (i.e., with employment in both the origin and destination region). High unemployment in the origin
region may imply that the individual is comparatively well-off, thus reducing the likelihood to migrate. Prevalence of
the manufacturing sector is associated with lower and the share of highly skilled employees with higher likelihood
of out-migration. In line with the literature on amenities (e.g., Rodriguez-Pose & Ketterer, 2012), we find that individ-
uals are less likely to leave regions with larger hotel capacity. In contrast, individuals in regions with a higher share of
foreign population are more likely to out-migrate. Employees are also more likely to move away from urban and East
German regions than from rural and West German ones, although the model does not distinguish East-West from
within-East (or urban-rural from urban-urban) migration.

The baseline results show that individuals in older regions are more likely to leave. To investigate whether these
individual decisions are consistent with age- or skill-selective migration, columns (2) and (3) include interactions with
the elderly share. Including these interactions does not affect the signs or significances of the other variables and the
elderly share remains significantly positive. The interaction term between the share of elderly population and individ-
ual age, however, is significantly negative. Although individuals in older regions are more likely to out-migrate, the
effect of the regional age structure decreases with an individual's age. The average marginal effects of the share of
elderly population at different individual ages are plotted in the first panel of Figure 2. For individuals younger than
40 years, an increase in the share of elderly population is expected to increase migration propensity. In contrast, for
those 50 and older, the same change would be expected to decrease the likelihood of migration. This finding is
consistent with age-selective migration and sorting, where young individuals are more likely to leave ageing regions
whereas older individuals are more likely to stay. The results thus support the notion that individual migration
patterns are reinforcing regional ageing processes in German regions.

Column (3) shows the results of interacting elderly share and individuals' education levels. The interaction terms

are negative and use the lowest educational degree as base category. The average marginal effects plotted in the
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FIGURE 2 Average marginal effects (AME) of elderly share on migration probability by individual age and
individual education level

second panel of Figure 2 illustrate that an increase in the share of elderly population is expected to increase migra-
tion propensity for those with low educational attainment but decreases it for those with the highest educational
attainment. Thus, rather than reinforcing the out-migration of high-skilled human capital, ageing seems to support
out-migration of those with the lowest educational attainment. This result contradicts the idea that population
ageing could also reinforce brain-drain mechanisms and suggests instead that it may even support retention of high-

skilled labour.

5.2 | Destination choice among ageing regions

After having considered the effect of age structure on the likelihood of out-migration, we now turn to analysing
where migrants move to. Table 2 shows the conditional logit results of destination choice for internal migrants in
Germany using 17 yearly cross-sections of identical model specifications. The variable of interest, share of popula-
tion above 65 years, is negatively significant for all years with similar coefficient sizes across time. The probability of
being selected as a destination region decreases with the share of elderly population: regions with an older age
structure are significantly less likely to be selected than younger ones. If we understand the probability of being
chosen as a measure of regional attractiveness for migrants, this implies that, ceteris paribus, older regions are signifi-
cantly less attractive destinations than younger ones.

Besides the relevance of the regional age structure, the results in Table 2 also show other features of regional
attractiveness. As expected from gravity models of migration, distance is significantly negative. The coefficients for
GDP per capita, population size, and the number of hotel beds are significantly positive, which suggests migration
towards large, high-income regions with high amenity values. Keeping in mind that we only analyse employed indi-

viduals, the labour market situation does not emerge as a pull factor: the coefficients are insignificant or positive
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across the years. In contrast, the manufacturing share and the share of tertiary degrees in the region are estimated
to be significantly negative, as is the share of foreign population after 2003. Since the indicator refers to the stock of
foreign population rather than a migration flow, this only implies that places with more international populations are
less frequently chosen as destination by domestic labour migrants and not necessarily that international and inter-
regional migrants choose different regions. The results show that, controlling for other factors, employees are not
more likely to move to urban rather than rural regions. Interestingly, the dummy denoting alternatives in the East of
Germany is significantly positive. Thus, regions in East Germany are significantly more likely to be selected as desti-
nation regions than West German regions. It should be noted that this may be due to higher within-east mobility
than east-to-west mobility (Sander, 2014) and does not contradict patterns of migration from the east to the west
on an aggregate level. Instead, it shows that, controlling for regional characteristics and holding all individual charac-
teristics constant (due to the conditional logit specification), East German regions are not inherently less attractive
than those in the west.

Figure 3 shows the point estimate and 95%-confidence intervals when testing for age-selection in the condi-
tional logit model. While the main term remains significantly negative, the interaction term with individual age is
significantly positive at confidence levels of 5% in 12 of the 17 years. A negative main and positive interaction term
jointly indicate that the negative effect of age structure on destination choice decreases with an individual's age: an
increase in the share of population above 65 years in region r is associated with a larger decrease in the probability
of a migrant choosing r if the migrant is relatively young. To further decompose this effect, the lower panels of
Figure 3 show the coefficient and confidence intervals for the share of elderly population for three split samples
based on individual age.® For individuals younger than 50 years, destination choice is significantly negatively associ-
ated with the regional elderly population. While the coefficient is also significantly negative for older individuals for
some vyears, it is insignificant most of the time. These results are in line with sorting of individuals by age, where
ceteris paribus, younger migrants are moving towards “young” rather than “old” regions. We therefore do not find
evidence of the notion that migration could balance age structures across space but rather for patterns of continuous
spatial polarization of age structures.

The results for education level are less conclusive and clearly show changes over time (Figure 4). Before 2000,
the interaction terms with individual education are significantly positive, indicating that migrants with medium or
high educational attainment are relatively more likely to choose older destination regions than migrants with low
educational attainment. But from 2004 onwards, the deterring effect of regional age structure on the probability of
destination choice is larger in absolute value (i.e., more negative) for more highly educated individuals. In this sense,
we find some evidence of selective migration based on education level. Specifically, while the effect of ageing either
does not differ between educational groups or even deters the least educated migrants more strongly in the first
years of the sample, highly-educated migrants seem relatively more sensitive to age structure in recent years. The
result that more highly educated individuals are less likely to choose old regions than those with lower educational
attainment may point towards an association between population ageing and regional capacity to attract human
capital after 2004.

6 | DISCUSSION AND CONCLUSION

This paper investigated the relationship between population ageing and internal migration patterns on an individual
level by examining employees' propensity to migrate and destination choice among regions with different demographic
structures. Controlling for individual and regional characteristics, the share of elderly population of the origin region is
significantly positively related to the probability of out-migration. Among migrants, the destination choice model
showed that region alternatives with a higher share of elderly population are less likely to get chosen as destination.

SFull results available upon request.
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FIGURE 3 Coefficient plots for the interaction term between elderly share and individual age in the full sample
destination choice model (top panel) and for the share of elderly population across three subsamples split by
individual age group (lower panels)
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FIGURE 4 Coefficient plots for interaction terms with individual education in the destination choice model

We further tested whether the results are consistent with patterns of age- and skill-selective migration. Interac-
tions between individual age and share of population above 65 years were significant for both migration propensity
and destination choice. This implies that younger individuals may be more sensitive to regional age structure both in
deciding to leave and in choosing a destination region. The evidence for education-specific effects in migration pat-
terns is more mixed. Individuals with lower educational attainment seem to be more likely to leave older regions than
higher-educated individuals, which contradicts the notion of skill-selective out-migration. Potentially, the result could
be related to the ease of switching jobs in different skill categories. In general, the finding that high-skilled individuals
are not more likely to leave ageing regions is encouraging as it may imply that the human capital loss in ageing
regions is less severe than feared. However, there is some evidence that in recent years highly educated individuals

may be more sensitive to regional age structure in their destination choice. Thus, while population ageing may not
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be associated with a substantial loss of human capital, the results indicate potential difficulties in attracting high-
skilled individuals to ageing regions.

Concerning the role of population ageing in shaping labour migration, the results yield two core conclusions.
First, population ageing is a relevant explanatory variable of migration patterns. Even when controlling for a range of
individual and regional characteristics, the share of elderly population was consistently significant in all estimations.
Although we do not claim causal effects of age structure on an individual's decision to migrate, the results indicate
that population ageing is not merely a consequence of migration but may in turn be relevant in explaining migration
behaviour, for example, through sorting across regions with age-specific amenities.

Second, the direction of the estimated coefficients shows that, if anything, migration seems to reinforce rather
than oppose the processes of demographic change. The presented results show that migration flows from relatively
old to relatively young regions. Moreover, the identified interaction effects suggest that the migration flows may be
selected based on age, with younger individuals more likely to leave older regions. If this is true, older regions do not
only see an outflow of population but specifically an outflow of the younger age groups, which will increase the aver-
age age of the region further. Although we do not consider the net effect of the migration flows here, the findings
illustrate that age-selective migration in Germany may indeed lead to a polarization of age structures consistent with
regional demographic change as a circular process.

Two important caveats to the presented analysis should be noted: the nature of the data used and the focus on
interregional migration. Although the administrative labour force data is of high quality, the dataset only allows us to
identify the geographic location of employers, thus reducing the sample to those employed. While covering a large
share of the population, it should be noted that individuals who are not in the labour force (including retirees) or the
unemployed may take into account a different set of factors to decide whether and where to move.

The second caveat of the analysis is that international migration is not considered beyond a proxy of the share
of foreign population as a control variable. Restricting the focus to internal labour migration allowed us to assume
relative homogeneity of migrants and residents and thus ignore a range of factors that would be relevant for interna-
tional migration. It also grants detailed and comprehensive information on migrants and their pre-migration circum-
stances at a small spatial scale, which is difficult to obtain for international migrants. However, considering only
internal migration patterns treats German interregional migration as if it were a closed system. In reality, international
immigrants of course represent a crucial factor in shaping regional demographic structure, especially when they rep-
resent the primary source of population growth.

With respect to the internal labour migration patterns examined here, the relevance of our discussion for migra-
tion more generally depends on whether international migrants' regional location decisions differ from interregional
migrants'. Although we cannot distinguish by citizenship or country of birth, the sample is representative of regional
labour markets and therefore also includes employees with a migrant background. Moreover, Tanis (2020) analyses
initial and subsequent location choices for international immigrants in West German districts and finds a significantly
negative impact of the share of elderly population consistent with the results presented here. Thus, the empirical evi-
dence suggests that both international and interregional migrants may prefer younger over older regions. On a
national scale, “replacement” immigration will not be able to halt or reverse population ageing (Coleman, 2008), but
this result further suggests that even national-level population growth through immigration may not alleviate these
demographic challenges at a regional scale. In this sense, regions aiming to benefit from the demographic effect of
immigration may require more targeted strategies of attracting and retaining migrants.

The results of this analysis tie into broader questions on policy making to address the consequences of demo-
graphic change on a regional level. In terms of the patterns documented here, it seems that labour migration and
population ageing are indeed reinforcing processes leading to polarization of demographic structure. These changes
are, in turn, drivers of economic and social consequences. Contrary to some theoretical suggestions, population age-
ing does not seem to counteract out-migration, thus raising the question of whether policy should and can influence
migration patterns directly. With progressing demographic change on a global scale, many countries will face new

demographic circumstances of ageing and shrinking populations, similar to the conditions already observed in
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Germany. Therefore, the potential of policy initiatives aiming to increase regional attractiveness in ageing and shrink-
ing regions, particularly for those age and skill groups most prone to out-migration, and the impact of demographic
polarization on regional development more broadly, remain a relevant area for future research.
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Resumen. El cambio demografico regional se suele conceptualizar como un proceso circular, en el que la emigracion
empeora continuamente las condiciones de envejecimiento y reduccion de la poblacion. Por lo tanto, si la migracion
actua tanto como consecuencia como causa del envejecimiento, los patrones de migracion deberian estar influenciados
por la estructura de edad de las regiones de origen y destino. Este articulo analiza las decisiones de migracién a nivel
individual de empleados a tiempo completo en 326 regiones alemanas entre 1997 y 2013 mediante la utilizacion de
modelos de eleccion binaria. Los resultados muestran que las personas son mas propensas a emigrar fuera de las
regiones envejecidas y menos a emigrar hacia ellas. Ademas, los patrones identificados estan en consonancia con la
migracion selectiva por edades que refuerza los procesos de envejecimiento y la polarizacion de la estructura
demografica.
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