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Abstract. The population development of German municipalities is characterized by pronounced regional dis-
parities. We seek to shed new light on the shifting patterns of population development in Germany at the local
level between 1990 and 2019 to understand better the drivers of population development at the local level and to
initiate a debate on the (dis)advantages of longitudinal analyses of population change at the local level and the
resulting methodological challenges. We address three interrelated questions: (1) how do patterns of local popu-
lation trends shift over time and in space? (2) Where are the hot and cold spots of population development, and
how stable are they? (3) Are there any persistent outliers defying the regional trends of population development?
We use a unique database that includes annual data on the population development of all German municipalities
to answer these questions. Using spatial autocorrelation and hot-spot–cold-spot analysis, we identify short- and
long-term population trajectories that allow us to detect both the hot and the cold spots of population develop-
ment and islands of growth in otherwise shrinking regions and islands of decline in growing regions. Stable hot
spots of population growth exist around Germany’s three largest cities – Berlin, Hamburg and Munich – and
in the rural northwest. The cold spots of population development are concentrated in rural regions of eastern
Germany but also structurally weak, old industrialized rural regions around Brunswick and Kassel and in Upper
Franconia, Saarland and Western Palatinate.

1 Introduction

The population development of German municipalities is
characterized by pronounced regional disparities. We have
witnessed population growth in most large cities and their
suburban hinterlands and shrinkage in structurally weak ru-
ral areas in recent years (Wolff et al., 2022). Local trends of
population development have shifted over time and in inten-
sity and continue to develop and change (Wolff et al., 2020).
A localized approach is necessary that accounts for the per-
sistence of the corresponding patterns over time and detects
important phenomena, such as islands of growth and de-
cline, to understand the processes and drivers of these shift-
ing patterns of growth and shrinkage better. Detecting these
patterns is a necessary precondition for understanding why
some local authorities defy the regional trends and patterns

of population development and others do not. These phenom-
ena cannot be assessed sufficiently at the level of districts
and especially federal states (Madelin et al., 2009) because
significant small-scale differences within regions might be
masked. We seek to shed new light on the shifting patterns
of population development in Germany at the local level be-
tween 1990 and 2019 to understand the associated drivers of
population development better. We also aim to initiate a de-
bate on the (dis)advantages of longitudinal analyses of popu-
lation change at the local level and the resulting methodolog-
ical challenges. We address the following research questions:

– How do patterns of local population trends shift over
time and in space?

– Where are the hot and cold spots of population develop-
ment, and how stable are they?
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– Are there any persistent outliers defying the regional
trends of population development?

Detecting these patterns and their shifts over time involves
two challenges: firstly, the choice of a spatial level of analysis
has an impact on the conclusions drawn. This is discussed in
the literature as the modifiable areal unit problem (MAUP),
the statistical problem that the size of spatial units at different
levels of aggregation can influence the results of quantitative
analyses. The MAUP emerges when spatial units of different
sizes and shapes are compared (Duque et al., 2018; Madelin
et al., 2009). This results in scale effects because the spatial
resolution acts as a filter of observation. Some authors ad-
vocate using fine-grain spatial levels so as to not overlook
any relevant socioeconomic processes (Huby et al., 2009).
Others point out that finer spatial scales might be impractical
to use and hard to interpret (ESPON, 2006). Apart from the
MAUP, the longitudinal analysis of interregional differenti-
ation at the local level is connected to multiple other chal-
lenges and problems, for example, the effects of administra-
tive reforms.

A second challenge is how to explain and interpret the re-
gional patterns of population change. The intraregional dif-
ferentiation in population development is the result of a com-
plex interplay of demographic, economic, institutional and
societal factors (Hoekveld, 2015) with numerous interdepen-
dencies and feedback loops. This paper is limited to the pre-
sentation and initial interpretation of the spatial patterns of
population development at the local level. An in-depth inter-
pretation or (statistical) explanation, although very relevant,
would clearly go beyond the scope of this paper.

We analyze a unique database in our paper that includes
annual data on the population development of all German
municipalities between 1990 and 2019. We identify short-
and long-term population trajectories using spatial autocorre-
lation and hot- and cold-spot analysis. This approach allows
us to detect islands of growth in otherwise shrinking regions
and islands of decline in growing regions. To the best of our
knowledge, no such analysis has been carried out for Ger-
many before. The paper is structured as follows: we briefly
describe the drivers of population change and the patterns
and trends of population development in Germany since re-
unification in Sect. 2. Section 3 describes our analytical ap-
proach and data sources. Section 4 presents the results of our
analyses of local-level population trends. We finish the paper
with a discussion and concluding remarks.

2 Patterns of small-scale population development in
Germany

2.1 Persistent patterns of population development in
Germany

The population and spatial structure in the capitalist Fed-
eral Republic of Germany (FRG) and the socialist Ger-
man Democratic Republic (GDR) developed differently prior

to 1989 (Rösel, 2019). There are different positions in the
literature regarding how far back in time the differences in
population development in eastern and western Germany
go. According to Rösel (2019:23), eastern and western Ger-
many developed “completely in the same way” between 1871
and 1949. Klüsener and Zagheni (2014), on the other hand,
assume that population growth in eastern Germany has been
below average since the end of the 19th century. The nega-
tive effects of the German division and the massive economic
problems after reunification affecting the demographic situa-
tion in eastern Germany are, however, undisputed (Klüsener
and Zagheni, 2014; Rösel, 2019). The German division and
European integration have also influenced the population de-
velopment in the FRG, with the focus of population growth
shifting to the south and the west (Klüsener and Zagheni,
2014). Figure 1 shows the differences between economically
booming areas in the south and stagnating or shrinking re-
gions in the north and west in the 1970s and 1980s, as well
as the suburbanization around the big cities. In the GDR, the
old industrialized regions in the southern part of the coun-
try lost population to newly developing industrial cities in
the north. Reunification on 3 October 1990 marked a demo-
graphic and economic turning point in eastern Germany. The
first half of the 1990s was characterized by a brief but in-
tensive suburbanization wave and massive out-migration to
western Germany (Slupina et al., 2016).

Two characteristic drivers have shaped population and spa-
tial development since the 2000s. Numerous major cities
in both eastern and western Germany have experienced
new population growth (Herfert and Osterhage, 2012, and
Sect. 2.2). In eastern Germany, this process is linked to a
(temporary) end of suburbanization (Nuissl and Rink, 2005).
In the west, suburbanization has continued during this pe-
riod, especially in growing agglomerations (Herfert and Os-
terhage, 2012). Suburbanization has gained momentum again
in prosperous regions in recent years (Osterhage, 2018). In
contrast to the growth in large cities and urban regions, popu-
lation numbers have declined in rural areas characterized by
permanent structural weaknesses in both small rural settle-
ments and small towns (Fink et al., 2019), not only in eastern
Germany but also in regions such as northern Hesse, Upper
Franconia or Saarland (see Fig. 1). The picture changed again
towards the end of the 2010s with the trend reversal in migra-
tion between eastern and western Germany. Since 2017, the
migration balance of eastern Germany with the west has been
positive for the first time since reunification (Stawarz et al.,
2020) and the previously clear division between growth in
the west and shrinkage in the east has been attenuated. This
is not to say that shrinkage is no longer a problem. Popula-
tion decline is still widespread, but the magnitude of losses
has decreased (see Fig. 1).
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Figure 1. Annual population development in municipalities 1961 to 2018. Source: Wolff et al. (2020).
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2.2 From reurbanization to a “boom of urban regions”

The growth of large cities has led to the development of
strong urban regions since the beginning of the 2000s. The
population growth has increased in those western German
cities that have been growing for a longer period of time.
Even the population of many previously shrinking cities in
the Ruhr area has increased slightly since 2011 (see Figs. 1
and 2). However, the socioeconomic problems of this region,
such as high rates of unemployment, poverty and integra-
tion challenges, have not diminished (Fink et al., 2019). A
trend reversal towards renewed growth has taken place in
numerous previously shrinking eastern German cities. How-
ever, there are also structurally weak cities with stagnating
or still-declining populations. Compared to the 2000s, Wolff
et al. (2020) identify three main differences in current urban
development trends: the increase in population is character-
ized no longer primarily by the in-migration of young adults
but increasingly also by families, young professionals and
younger wage earners (Osterhage, 2018). Urban growth is in-
creasingly spreading to medium-sized cities and small towns
in shrinking regions and structurally weak areas (Steinführer
and Kohring, 2019).

This trend is referred to in the literature as reurbanization –
a phenomenon with many facets. Not only are different def-
initions and operationalizations proposed, but there are also
different positions on the causes of reurbanization (Haase et
al., 2010; Osterhage, 2018; Siedentop, 2018). A first strand
of literature focuses on socioeconomic changes, for exam-
ple, the transition from Fordism to post-Fordism (Sieden-
top, 2018) or the increasing importance of the knowledge
economy (Gans, 2015). The reconcentration of population
in cities went hand in hand with a new attractiveness of ur-
ban life and living, especially for families (Frank, 2013). A
second strand of literature focuses on demographic expla-
nations, especially the selective migration of young adults
and international migrants to large cities (Haase et al., 2010;
Siedentop, 2018). Immigration is one of the main drivers of
reurbanization, overcompensating for the out-migration of
Germans in many cities and reinforcing spatial disparities of
population change (Heider et al., 2020). However, the spatial
preferences of migrants have changed significantly in recent
years. Classical destination areas, for example, the Rhine-
Ruhr area and the southwest, have lost their attractiveness.
At the same time, new – predominantly rural – migration
destinations have appeared on the map of international mi-
grants, for example, the Weser-Ems region or Lower Bavaria,
growing, economically strong regions but with rather low
shares of immigrants (Tanis, 2020). This development sug-
gests that the link between international migration and reur-
banization might weaken in the future. Moreover, reurban-
ization is not automatically synonymous with growth in the
core city (Gans, 2015). A special type of reurbanization can
be observed in shrinking regions: the core city loses popula-
tion – albeit to a lesser extent than the suburbs. Reurbaniza-

tion has not affected all major German cities. Some western
German industrial cities (e.g., Bremerhaven, Duisburg, Saar-
brücken) were initially unable to benefit from the “boom of
the cities” (Gans, 2015).

The reurbanization trend is associated with convergences,
divergences and trend reversals. This is particularly evident
in changing trends in migration behavior, which have led to
a weakening of demographic aging in the major cities. The
average age of residents in the urban districts increased from
40.8 to 42.6 years between 1995 and 2016. Since the end of
the 2010s, the average age has remained stable or even fallen
slightly. The reason for this is primarily the influx of young
adults. However, the aging trend continues unabated in rural
areas. Between 1995 and 2016, the median age of the ru-
ral population rose from 39.6 to 45 years. Since 2005, the
average age of urban residents has been lower than that of
the rural population (Henger and Oberst, 2019). The natural
population development in many large cities has been pos-
itive in recent years (Fig. 2) as a result of the in-migration
of younger population groups and a relatively high share of
women of childbearing age. The positive natural population
development in the metropolitan regions of Munich, Stuttgart
and Frankfurt (Main), which has been strengthened by mi-
gration gains, also radiates to the suburban areas. Rural re-
gions with positive natural and migration balances outside
urban agglomerations can only be found in Upper Swabia
and the Oldenburg Münsterland (Leibert, 2019; Wolff et al.,
2021). However, urban growth in Germany has been slowing
down since 2017. The COVID-19 pandemic may have accel-
erated this trend as immigration from abroad and the influx
of students and young professionals has decreased. Univer-
sity cities, such as Heidelberg, Jena or Trier, are particularly
affected. Long-shrinking, structurally weak cities, especially
in the Ruhr region, on the other hand, are currently record-
ing migration gains (Wolff et al., 2021). It is, however, still
too early to say with certainty whether this is indeed a trend
reversal or just a short-term episode.

2.3 Consolidation of demographic processes in
structurally weak regions

The changes in the migration patterns of German citizens
and the increased attractiveness of Germany as a destina-
tion for international migrants in the 2010s are important
explanations for another divergence in the patterns of pop-
ulation change in recent years: the deceleration of shrink-
age in many rural areas (see Fig. 1). The interaction between
the migration balance and the natural balance is of crucial
importance for the population development of structurally
weak regions (Fig. 2). From a demographic perspective, the
main reasons for the continued decline in population are
negative natural population change, selective out-migration
(especially of young adults and potential parents) and unfa-
vorable population structures. Selective out-migration leads
to self-reinforcing downward spirals of shrinkage (Weber
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Figure 2. Interplay of demographic components for the population development in Germany 1990 to 2019. Source: Wolff et al. (2022).
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Table 1. Key data on municipalities by state 2019–2020. Source: StÄBL (2022), authors’ calculations.

Federal state Municipalities (LAU2) Gemeindeverbände (LAU1)

Inhabitants Numbera Average Average Numbera Average Average
per km2 areaa,c populationb areaa,c populationb

Baden-Württemberg 311 1101 32 km2 10 082 460 77 km2 24 131
Bavaria 186 2056 32 km2 6384 1385 45 km2 9476
Brandenburg 85 416 71 km2 6062 195 152 km2 12 933
Hesse 298 422 50 km2 14 901 422 50 km2 14 901
Mecklenburg-Western Pomerania 69 726 32 km2 2215 116 199 km2 13 863
Lower Saxony 168 944d 49 km2 8468 407d 111 km2 19 640
North Rhine-Westphalia 526 396 86 km2 45 321 396 86 km2 45 321
Rhineland-Palatinate 206 2301 9 km2 1779 170 116 km2 24 082
Saarland 384 52 49 km2 18 979 52 49 km2 18 979
Saxony 221 419 44 km2 9718 309 60 km2 13 178
Saxony-Anhalt 107 218 94 km2 10 068 122 168 km2 17 990
Schleswig-Holstein 184 1106 14 km2 2625 170 92 km2 17 081
Thuringia 132 631 26 km2 3381 192 85 km2 11 111

a On 30 June 2021. b On 31 December 2019. c Including unincorporated areas. d Including two inhabited unincorporated areas.

and Fischer, 2012). The pronounced out-migration of young
adults in general and young women in particular (Leibert,
2016) leads to dynamic aging and increases the probabil-
ity of above-average death rates and future population losses
(Slupina et al., 2016). The change in the age structure takes
place slowly and is, at best, weakened by immigration (We-
ber, 2015). To put it bluntly, the aging of today is the shrink-
age of tomorrow.

Rural decline in the German discourse is often closely con-
nected to sparsely populated rural areas in eastern Germany.
There are also, of course, regions in the west with unfavor-
able population structures and steady population losses, for
example, in Upper Franconia or the south of Lower Saxony.
This structural shrinkage has been weakened or even counter-
balanced by the allocation of refugees in recent years (Leib-
ert, 2019). In view of the unclear prospects and wishes of
the refugees to stay, it is likely that this is not a trend reversal
but rather a temporary “demographic respite”. There are also,
on the other hand, economically prosperous rural areas with
growing populations. The key success factor seems to be a fa-
vorable location and/or good accessibility to larger cities or
agglomerations (Born, 2011; Hoekveld, 2015). These areas
benefit from the development of metropolitan areas, for ex-
ample, by absorbing the increasing need for space for hous-
ing and commercial developments.

3 Data and methods

3.1 Spatial heterogeneity of Germany

As of 31 March 2022, the FRG consists of 16 federal
states (NUTS1); 400 districts (NUTS3); 10 789 municipal-
ities; and 209 unincorporated areas (LAU2), 207 of which

are uninhabited (StÄBL, 2022). German municipalities vary
significantly in population size in the different federal states
partly as a result of dissimilar principles and strategies of the
administrative reforms implemented since the 1970s (see Ta-
ble 1). The considerable differences in the population size
of municipalities pose a challenge for research because of
the MAUP. This problem can be mitigated by using the
4605 Gemeindeverbände (associations of local authorities,
former LAU1 level), which are more comparable in popu-
lation size (see Table 1). The downside of using these larger
units as a level of analysis is a loss of spatial detail, espe-
cially in rural areas. As a result, important information about
specific demographic and regional planning challenges in
smaller communities may be lost.

A second challenge concerns the effects of local admin-
istrative reforms. The number of municipalities on 31 De-
cember 1990 was 16 109 (Destatis, 1992) and, therefore, has
reduced by one-third in the last 3 decades. Between 2000
and 2018, the number of municipalities in eastern Germany
declined by more than 50 %. In western Germany, the num-
ber of local authorities decreased by only 1.5 % (Popp, 2018).
While the administrative structure in most of the “old” fed-
eral states has been relatively stable over time, analyzing
population development at the level of municipalities in east-
ern Germany requires a lot of effort to harmonize “historical”
population numbers with the current territory.

A third challenge is the “problem of small numbers” (see
Leibert, 2021). One normally uses relative values, such as
population change in percent, to compare municipalities of
different sizes. This solution is rather robust if the local au-
thorities under study are not too small. However, relative val-
ues can also be misleading, especially when it comes to mu-
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nicipalities with fewer than 100 inhabitants, which still exist
in Rhineland-Palatinate and Schleswig-Holstein. There are
three mutually compatible strategies when dealing with small
population numbers: temporal aggregation through longer
periods of analysis; spatial aggregation through the combi-
nation of several spatial units; and methodological simplifi-
cation, i.e., using indicators or methods which are more ro-
bust in dealing with outliers (Leibert, 2021). The three strate-
gies each have the disadvantage that they are associated with
considerable loss of information. Regarding temporal aggre-
gation, there is a risk of blurring trend reversals. Spatial ag-
gregation (e.g., using Gemeindeverbände instead of munici-
palities) harbors the risk that local characteristics, for exam-
ple, different demographic trends in small towns and the sur-
rounding villages, cannot be adequately considered. We have
opted for the third strategy to avoid the loss of temporal and
spatial information. Naturally, methodological simplification
also has disadvantages: a loss of the rich quantitative infor-
mation on the magnitude of the growth and decline. We have
calculated our analyses at both the municipality level and the
LAU1 level.

3.2 Data and analytical strategy

In a first step, we have collected population numbers from
different sources. We use frozen municipal boundaries as of
30 June 2020 (BKG, 2020) to eliminate the effect of bound-
ary changes on the rate of population change and recalcu-
lated all data accordingly to ensure comparability over time.
Some federal states (Baden-Württemberg, Bavaria, Berlin,
Brandenburg, North Rhine-Westphalia, Lower Saxony, Sax-
ony) publish area-adjusted data for the entire period under
consideration in their online databases. The statistical of-
fices of Rhineland-Palatinate and Thuringia provided us with
the population figures on request. We combined various data
sources (national and regional databases, statistical reports,
municipal directories) for the remaining states. Due to the
diversity of data sources, it was unfortunately not possible to
collect additional data (e.g., age structure, migration balance,
natural balance) for the entire period of 1990–2019. We had
to aggregate some municipalities in Mecklenburg-Western
Pomerania, Rhineland-Palatinate, Schleswig-Holstein and
Thuringia due to partial breakups of municipalities (Teilaus-
gliederungen). This results in 10 776 LAU1 and 4604 LAU2
units for analysis. We calculated the annual (reference date
31 December) population growth rates for each municipal-
ity and Gemeindeverband between 1990 and 2019 following
Eq. (1):

(POPT 2 − POPT 1) · 100/POPT 1 · 1years. (1)

In a second step, we applied a hot- and cold-spot analysis
using local G* statistics (Ord and Getis, 1995), as imple-
mented in ArcGIS (ESRI, 2020). The motivation is to de-
tect patterns of population change which form large-scale re-
gional clusters. Thereby, significant spatial clusters for each

annual population change rate between 1990 and 2019 have
been detected, which indicate whether the spatial clustering
of high or low values observed is more pronounced than one
would expect in a random distribution of those same val-
ues. A high value (e.g., high population growth rate) and a
small significance level for a municipality indicates spatial
clustering of high values (hot spot). A low negative value
and small significance level indicates spatial clustering of
low values (cold spot). The tool reports results for a statis-
tical significance with confidence levels of 90 %, 95 % and
99 %. As there are no pre-assumptions applied to this mod-
eling strategy (e.g., weighting or critical thresholds of dis-
tances), we used the fixed-distance-band method to concep-
tualize spatial relationships (default setting) because it en-
sures that each feature has at least one neighbor. An applied
sensitivity analysis has shown that the fixed-distance-band
method provides the most differentiated spatial picture, al-
lowing all spatial clusters of both the hot- and the cold-spot
analysis to appear. This method allows the best-fitting inter-
pretation of traditional mappings of population change rates,
is a good option for polygon data when there is a large vari-
ation in polygon size ensuring a consistent scale of analysis,
and does not apply a deterministic assumption about neigh-
borhood relationships or distances (Chew et al., 2020; Kim
and Choi, 2017; Sanchez-Cuervo and Aide, 2013; Sánchez-
Martín et al., 2019).

In a third step, we detected spatial anomalies within the
large-scale regional clusters identified, for example, munici-
palities which show a different population trend compared to
their regional pattern. Based on the hot- and cold-spot analy-
sis, we applied a cluster and outlier analysis for each annual
population change rate based on a 95 % confidence level,
which we consider a compromise between statistical robust-
ness and ensuring a certain variation in spatial patterns. This
method identifies statistically significant hot spots, cold spots
and spatial outliers using Anselin’s local Moran’s I statistic
(ESRI, 2020). We used the same conceptualization of spatial
relationships for the hot- and cold-spot analysis. Spatial out-
liers are indicated by either municipalities with high values
and that are surrounded by low values (high–low) or those
with low values surrounded by high values (low–high). Fi-
nally, we defined islands of growth as units with an annual
population change of > 0.15 % belonging to a high–low clus-
ter and islands of shrinkage as units with an annual popula-
tion change of < −0.15 % belonging to a low–high cluster.
We chose these thresholds because they are commonly used
in comparable population studies (Guérois et al., 2019; Wolff
and Wiechmann, 2018). We counted the frequency of a unit
belonging to a hot spot, cold spot, island of growth or island
of shrinkage (see Figs. 3 and 4) to provide a synthesis picture
for the whole period of 1990 to 2019. This approach allows
the dynamics of hot and cold spots to be traced over time.1

1The authors will be happy to provide the maps on request.
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Figure 3. Summary of the results of the hot- and cold-spot analysis of the local G∗ statistics 1990–2019 at the LAU2 level. Source: authors’
calculations.

4 Findings

4.1 Patterns of population change

The results of the analysis are depicted in Fig. 3 (municipal-
ities) and Fig. 4 (Gemeindeverbände), which show concen-
trations of growing and shrinking municipalities in certain
regions, i.e., clear patterns of hot and cold spots of popula-
tion change. However, not all municipalities follow the dom-

inant pattern. Certain municipalities deviate from the domi-
nant trend, leading to isolated islands of shrinkage in grow-
ing regions and islands of growth in shrinking regions. It is
worth mentioning that population development in large parts
of Germany did not differ significantly from the nationwide
trend between 1990 and 2019.

A comparison of Figs. 3 and 4 shows that the overall spa-
tial patterns are similar to each other but that significant dif-
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Figure 4. Summary of the results of the hot- and cold-spot analysis of the local G∗ statistics 1990–2019 at the LAU1 level. Source: authors’
calculations.

ferences are discernible in the details. The spatial patterns in
Fig. 4 stand out more clearly due to the larger area of the
units of analysis. The LAU1 level is more advantageous for
identifying hot and cold spots, while the LAU2 level is better
for revealing local developments “against the regional trend”.
In Baden-Württemberg, for example, the Black Forest and
the Swabian Alps are clearly visible in Fig. 3d in contrast to
Fig. 4d. Both mountain ranges are growth regions with a high

density of shrinking municipalities. The local coexistence of
growth and shrinkage in Schleswig-Holstein is also blurred
at the LAU1 level. From a rural development perspective, it
is important to know whether communities become islands
of decline for topographical reasons or due to poor accessi-
bility or whether the islands of decline are small villages or
small- and medium-sized towns. We conclude that the LAU1
level is best suited to analyze large-scale patterns of popula-
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Table 2. Characteristics of the municipalities located in hot and cold spots of population development. Source: authors’ calculations.

Hot spots of population growth Cold spots of population growth

Fringe∗ Secondary Primary Fringe∗ Secondary Primary All local
core∗ core∗ core∗ core∗ authorities

Location type (column percentage)

Very central 15.1 21.9 24.6 0.2 0.6 0.5 9.0
Central 42.1 48.4 59.5 12.7 12.2 12.1 30.3
Peripheral 38.7 29.5 15.9 52.8 50.0 62.5 44.0
Very peripheral 4.2 0.2 0.0 34.3 37.1 25.0 16.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Type of settlement (column percentage)

Rural municipalities 69.8 55.2 40.9 89.9 81.9 56.1 72.3
Small towns 24.9 32.5 43.7 8.4 14.9 36.5 21.2
Medium-sized towns 4.9 10.4 14.7 1.4 3.0 7.3 5.8
Large cities 0.4 1.9 0.8 0.3 0.2 0.0 0.8
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Location type (row percentage)

Very central 32.7 26.2 6.4 0.3 0.7 0.3 100.0
Central 27.3 17.2 4.6 5.5 4.3 2.3 100.0
Peripheral 17.3 7.2 0.8 15.8 12.2 8.1 100.0
Very peripheral 4.9 0.1 0.0 27.2 23.9 8.6 100.0
Total 19.7 10.8 2.3 13.2 10.7 5.7 100.0

Type of settlement (row percentage)

Rural municipalities 19.0 8.2 1.3 16.4 12.1 4.4 100.0
Small towns 23.1 16.6 4.8 5.2 7.5 9.8 100.0
Medium-sized towns 16.6 19.5 5.9 3.2 5.6 7.2 100.0
Large cities 9.9 27.2 2.5 4.9 2.5 0.0 100.0
Total 19.7 10.8 2.3 13.2 10.7 5.7 100.0

∗ Municipality was part of a hot or cold spot in 25 %–50 % (fringe), 50 %–75 % (secondary core) or more than 75 % (primary core) of analyzed
years.

tion development, while the municipality level is better for
illustrating the diversity of demographic trends in rural ar-
eas. The following sections refer to the analysis at the mu-
nicipality level as this can reflect the diversity of small-scale
population development better.

Based on a first interpretation of the spatial pattern de-
picted in Fig. 3, we can assume that systematic differences
in population development are related to both the location
and the type of settlement, at least to a certain extent. In Ta-
ble 2, we distinguish between the primary core areas of hot
and cold spots, defined as municipalities belonging to the
high–high or low–low clusters in at least 75 % of the pe-
riods of time analyzed, secondary core areas (50 %–75 %)
and fringe areas (25 %–50 %). The table shows that (very)
central municipalities are strongly overrepresented in the hot
spots of population development, especially in the primary
core, while the opposite is true for the cold spots. The fringe
of the hot spots extends into (very) peripheral regions, sug-
gesting that population growth can “spill over” to more pe-

ripheral and rural regions under favorable conditions, such
as in the 1990s when generous subsidies for the construction
of single-family homes were available and this housing type
and the way of life connected to it matched the preferences
and ideals of large parts of the population. Another illustra-
tion is when, as we see it, for example in Upper Bavaria,
the growth pressure of a metropolis such as Munich is so
high that it spills over into rural areas beyond the suburbs
(an area that is already large in the case of Munich). Interest-
ingly, when looking at the cold spots, peripheral municipali-
ties are more likely to be declining units nested in declining
regions compared to very peripheral municipalities (see Ta-
ble 2). Under the adverse conditions of intensified shrinkage,
the decline spills over into the very peripheral areas and not
to more centrally located municipalities (the percentage of
central and very central municipalities is roughly 13 % in the
fringe areas and the primary and secondary cores of the cold
spots).
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Figure 5. Results of the hot- and cold-spot (a) and outlier (b) analysis for 1998–1999 at the LAU2 level. Source: authors’ calculations.

4.2 Hot spots of population development

The hot spots of population development are, with one ex-
ception, economically prosperous regions around Germany’s
largest metropolitan areas. In the north of the country, Ham-
burg is the center of a hot spot of population growth that has
been rather volatile over time. Besides Hamburg itself, the
core of this hot spot includes the neighboring districts and
extends into the westernmost parts of Mecklenburg-Western
Pomerania. From the mid-1990s to the mid-2000s, the hot
spot included large parts of Schleswig-Holstein and extended
over an area from Bremen in the west along the Baltic coast
to Rostock and even further east to Stralsund in some years
(see Fig. 5). This large hot spot was the result of a combi-
nation of drivers. In addition to the economic strength of the
city of Hamburg and its immediate hinterland, the suburban-
ization of cities such as Bremen, Kiel and Rostock played a
vital role.

Berlin and the adjacent city of Potsdam are also the cen-
ter of a stable hot spot of population development. Similarly
to the whole of eastern Germany, Berlin and the surround-
ing municipalities lost inhabitants due to the pronounced
migration stream from eastern to western Germany in the
early 1990s (see Fig. 6). The picture changed from the mid-
1990s when suburbanization gained momentum, especially
in the period of 1995–1999 when the growth pole stretched
in an east–west direction from the Polish border to the bor-
der of Saxony-Anhalt. The suburbanization of Berlin and the

growth impulses connected to the decision to relocate gov-
ernment functions from Bonn to Berlin were not the only fac-
tors contributing to the spillover of growth to the peripheral
rural regions of Brandenburg. The suburbanization of other
urban centers and medium-sized industrial cities (e.g., Eisen-
hüttenstadt) in the state of Brandenburg was also instrumen-
tal. The hot spot of population development shrank consid-
erably during the 2000s and most of the 2010s to the now
reurbanizing cities of Berlin and Potsdam and the munici-
palities directly adjacent. Suburbanization has been gaining
momentum again since 2016. The growth pole has extended
into rural areas to the northeast of Berlin because of increas-
ing housing prices and rents in the city (see Fig. 7).

Munich, Germany’s third-largest city, is also the center of
a hot spot of population development covering large parts
of southern Bavaria. This area is one of the economic pow-
erhouses of Germany, with consistently low unemployment
rates and above-average economic growth. Munich and its
hinterland are also notorious for high rents and real estate
prices as well as an above-average cost of living. This is pos-
sibly the reason why – in contrast to the hot spots mentioned
previously – the expansion of the continuous area of pop-
ulation growth has increased rather than decreased during
the 2000s and 2010s. Many local authorities have belonged
to the high–high cluster in at least 25 out of the 28 periods
under investigation.
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Figure 6. Results of the hot- and cold-spot (a) and outlier (b) analysis for 1990–1991 at the LAU2 level. Source: authors’ calculations.

Figure 7. Results of the hot- and cold-spot (a) and outlier (b) analysis for 2017–2018 at the LAU2 level. Source: authors’ calculations.
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A less stable hot spot of population development can be
found along a line connecting Frankfurt (Main) with Lake
Constance. These parts of Baden-Württemberg and Hesse
are among the economically most developed regions of Ger-
many. Looking at the development over time, this hot spot
virtually disappeared in the middle and late 1990s (see
Fig. 5), while it merged with the growth pole around Mu-
nich during much of the 2000s and the 2010s, creating one
big hot spot covering most of the area south of the river Main
(see Fig. 7).

There is one outlier among the hot spots of population de-
velopment: the Emsland region and the Oldenburg Münster-
land in Lower Saxony with a core in the district of Cloppen-
burg. This growth pole is located in a sparsely populated rural
region without any major cities. The region is economically
quite successful – not least as a result of major infrastruc-
ture investments after World War II and a favorable economic
structure (Danielzyk, 2007; Glander and Hoßmann, 2009).
Demographically, the region is characterized by a surplus of
births and net migration gains (Leibert, 2019). The positive
natural balance results from birth rates well above the Ger-
man average – Glander and Hoßmann (2009) trace back the
high fertility to an elevated level of religiousness and attach-
ment to “traditional values” in this devoutly Catholic area.
The region has also profited significantly from the interna-
tional migration of both European Union (EU) citizens, es-
pecially from the new member states in central and eastern
Europe, and late repatriates, i.e., German nationals with a
Russian or Kazakh migration background (see Fig. 4 in Hei-
der et al., 2020).

4.3 Cold spots of population development

The cold spots of population development are concentrated
in rural eastern Germany and the regions on the western side
of the historical Iron Curtain, for example, parts of Upper
Franconia or northeastern Hesse. It is striking that infras-
tructural investments and the new advantage of being lo-
cated in the center of the country instead of along a hermeti-
cally sealed border have not resulted in a significant improve-
ment in the demographic situation of many of the regions di-
rectly west of the former Iron Curtain in the last 30 years.
The only exceptions are the catchment areas of Hamburg,
Brunswick and Wolfsburg, which extend into the western-
most parts of Mecklenburg-Western Pomerania and Saxony-
Anhalt. In 1990, when literally the whole of the FRG prof-
ited from the severe population losses of the GDR on the
eve of reunification, these regions were among the few re-
maining cold spots of population development (see Fig. 6).
This pattern underscores the importance of large cities as
economic and demographic cores in regional development.
The remaining regions along the former border between the
GDR and FRG suffer from a lack of major urban centers on
both the eastern and the western sides.

A second cold spot is located in the eastern part of Saar-
land around the former centers of mining and heavy indus-
try and rural areas in the adjacent districts of Birkenfeld
and Kusel in Rhineland-Palatinate. Looking at Rhineland-
Palatinate and Saarland, it is worth mentioning that the cold
spot along the borders with Belgium, France and Luxem-
bourg, which featured a stable pattern throughout the 1990s,
has mostly disappeared since the 2000s. Apart from Luxem-
bourgian citizens moving to the German side of the border
(Reichert-Schick, 2017; Fig. 4 in Heider et al., 2020), this
trend might also – at least in part – be a result of the Euro-
pean single market and increased cross-border cooperation
(also see Heider, 2019).

Looking at the characteristics of the municipalities located
in the cold spots of population development, it becomes clear
that rural municipalities are overrepresented in the fringe ar-
eas and the secondary core, while small- and medium-sized
towns are overrepresented in the primary core, indicating that
it is especially difficult for small- and medium-sized towns
in regions with a declining population to overcome shrink-
age (Table 2). From a regional development point of view,
this is problematic as these smaller urban centers provide the
services of general interest for their rural hinterlands. Further
population decline implies the risk of a loss of critical masses
of clients, passengers, patients and pupils to sustain these ser-
vices and is, therefore, a threat to the whole region. An expla-
nation as to why small- and medium-sized towns seem to be
the primary core of the cold spots of population development
is the fact that these municipalities have – as a result of a
history of selective migration, negative economic trends and
infrastructural disinvestments – a very unfavorable popula-
tion structure with a high percentage of senior citizens (We-
ber and Fischer, 2012). As a result, the cold spots are typi-
cally characterized by a combination of out-migration and a
negative natural balance caused by a high surplus of deaths,
especially in times of low international migration (Wolff et
al., 2022).

4.4 Islands of growth in shrinking regions

The overwhelming majority of islands of growth in shrink-
ing regions are rural municipalities, typically located in pe-
ripheral and very peripheral areas of Mecklenburg-Western
Pomerania, Rhineland-Palatinate and Thuringia. A second
group consists of large- and medium-sized cities and subur-
ban municipalities in eastern Germany. The former recorded
a comparatively unfavorable population development dur-
ing the 1990s, at the height of the post-reunification subur-
banization boom, and experienced a sometimes significant
trend reversal in the 2000s and 2010s when reurbanization
became the dominant trend in Germany. The suburban mu-
nicipalities in question are closely integrated with their ad-
jacent urban centers. As a result, their population develop-
ment has resembled the demographic trends observed in their
respective urban centers during the reurbanization period in
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the 2000s and 2010s. These municipalities have been benefi-
ciaries of the suburbanization wave in the 1990s, similarly to
the other villages and towns in the surrounding areas of east-
ern Germany’s larger cities. In contrast to their neighbors,
they were able to decouple themselves from the negative sub-
urban population development in the region during the 2000s
and 2010s, possibly because of their close links to the re-
spective central city, good infrastructure and accessibility,
and/or other location-specific advantages. A third group con-
sists of small towns, mostly in Rhineland-Palatinate, which
are local administrative centers and provide services of gen-
eral interest for the surrounding villages. Finally, a fourth
group consists of rural municipalities in Brandenburg and
Mecklenburg-Western Pomerania that used to be small vil-
lages in GDR times. Local decision-makers used the win-
dows of opportunity during the short phase with legal vac-
uums in spatial planning in the early 1990s to turn specific
locational advantages, such as being the suburb of a medium-
sized town or a small center of employment, into a relatively
permanent favorable population development.

4.5 Islands of shrinkage in growing regions

We can distinguish three types of islands of shrinkage in the
period under consideration:

1. large and medium-sized cities, especially in Schleswig-
Holstein, which belonged to this group during
the 1990s;

2. remote villages and small towns; and

3. municipalities with favorable accessibility indicators
but limited development opportunities in terms of land
available for residential developments.

It is difficult to assign a municipality unequivocally to either
type 2 or type 3 from a longitudinal perspective because of
infrastructure investments, especially in motorways and fed-
eral highways. Regarding type 2, the main reason for being
an island of shrinkage is poor accessibility, while for type 3,
the main driver is a lack of building sites and/or very high real
estate prices. The vast majority of municipalities belonging
to the second and third groups have less than 2000 inhabi-
tants. In contrast to the first group, the temporal pattern is
less clear, possibly because of the timing of infrastructure in-
vestments and/or the small population of the municipalities
in question.

A lack of development opportunities, notably a lack of
space for new residential developments in the municipal ter-
ritory, may be a reason why local authorities become islands
of shrinkage. An extension of the settlement area to attract
new residents is difficult because of the topography, nature
protection or planning policies to discourage residential de-
velopments in small municipalities. Regional plans in some
federal states stipulate that new residential developments in

small municipalities are only possible to satisfy the needs of
the local population (Domhardt, 2018). Under the conditions
of limited space for new residential developments, the ten-
dency of homeowners to stay in their homes as they age and
become empty nesters leads to a high per capita consump-
tion of residential space and an inefficient use of the existing
housing stock. It is not uncommon for one elderly person to
live alone in a two-family home. Under such conditions, the
local real estate market is basically “blocked” for newcom-
ers.

Rural gentrification (Reichert-Schick, 2017), defined as a
high share of secondary residents, may also contribute to
declining populations in growing regions. It might lead to
wealthy urbanites buying houses and building plots in vil-
lages in scenic regions close to large cities. The increased
demand leads to rising real estate prices and the possible
crowding out of locals who cannot afford the increased price
level. A declining or stagnating population is not necessar-
ily an indicator of unattractiveness at the local level (even
though this is certainly the case at the regional level). A lack
of development opportunities, such as new residential devel-
opments, results in untapped potential for attracting new in-
habitants and, consequently, a rerouting of population growth
to neighboring municipalities.

5 Discussion and conclusions

Our analysis has shown that there are hot and cold spots of
population development in Germany with rather stable core
areas and a more volatile fringe. These hot and cold spots
expand and contract over time in response to overarching so-
cietal, economic and demographic trends, notably changing
migration patterns. The hot spots of population development
are centered on Germany’s largest cities and their immedi-
ate hinterland. The directions in which the hot spots have
extended into more peripheral regions vary over time. We
can assume that both the infrastructure development and real
estate prices play a role in shaping the spatial development
of the hot spots, but this assumption requires further and
more in-depth research. The primary and secondary cores of
the hot spots consist mostly of municipalities in (very) cen-
tral regions; small- and medium-sized towns are overrepre-
sented (see Table 2), suggesting a close connection between
urbanization and population growth in Germany over the last
30 years. The example of the Ruhr area – a densely popu-
lated and highly urbanized region but with no hot spot of
population development – shows that economic success and
the density of economic, cultural and political leadership in a
dominant city seem to be another decisive factor in the devel-
opment of stable hot spots of population development. The
cold spots, on the other hand, are located primarily in eco-
nomically weak, less accessible and predominantly rural re-
gions.
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We also demonstrated that – at a closer look – there are
municipalities which, for different reasons, defy the general
trends and form islands of growth in declining regions and
islands of decline in growing regions, which are not stable
over time. This observation leads to the conclusion that, in
most cases, the reasons for the special development are only
temporary (e.g., economic restructuring) or that the positive
or negative influence of structural factors (e.g., poor accessi-
bility) only comes into effect under certain conditions. The
small rural municipalities among the islands of growth in
shrinking regions represent especially interesting cases to
study the role of specific locational advantages or visionary
actions made by key stakeholders who used of windows of
opportunity.

A comparison of longer-term demographic and economic
development shows that employment development can be
an important partial explanation for hot and cold spots.
Some “loser regions” of globalization or economic structural
change (Südekum et al., 2016) are simultaneously cold spots
of population growth (e.g., Western Palatinate or Upper Fran-
conia). The “winner regions” (Südekum et al., 2016) also
tend to be areas with strong population growth (e.g., south-
ern Bavaria or the Oldenburg Münsterland). On the other
hand, regions undergoing a long-lasting and painful struc-
tural change (e.g., the Ruhr area) do not necessarily have
to go through a comparable demographic crisis. The large
cities that have grown strongly tend to be middle-ranking in
terms of employment growth. It is also questionable whether
local economic shocks (e.g., the loss of a major employer)
will permanently turn a community into an island of shrink-
age. In an otherwise economically strong region, people are
more likely to react by commuting, especially if they own a
home. In other localities, young adults return to their home
municipalities as soon as they have finished their education,
while the problem in other municipalities is that these peo-
ple leave but do not return. The comparison of demographic
and economic development consequently indicates that the
intraregional differentiation of demographic development is
the expression of a complex interplay of different factors at
various levels. The significance of the respective components
changes from municipality to municipality and over time.

It is also important to think beyond the borders of the
nation-state when analyzing small-scale population develop-
ment in Germany and other EU states. In the German case, it
is worth noting that the border regions with Belgium, France,
Luxembourg, the Netherlands and Switzerland form parts of
the dorsale européenne (European backbone), better known
as the “Blue Banana” (Brunet, 2002). This densely populated
corridor with a high level of economic development has been
discernible at least since the late 19th century. The Blue Ba-
nana connects southern England, the Low Countries, west-
ern and southern Germany, Switzerland, and northern Italy
(Klüsener and Zaghini, 2014). Three important cross-border
metropolitan regions are located in this area: the Meuse–
Rhine Euroregion (Aachen–Liège–Maastricht), the Greater

Region (Luxembourg–Metz–Trier–Saarbrücken) and the Up-
per Rhine (Basel–Freiburg–Strasbourg) with extensive cross-
border links and cooperation (ESPON and University of
Luxembourg, 2010). The cross-border dynamics along Ger-
many’s eastern borders are less advanced (Sohn and Stam-
bolic, 2015). The economic development of border regions
and fostering cross-border cooperation have been targets of
EU regional policy for decades (Heider, 2019), so it is likely
that national borders will continue to decline in importance.

The more borders lose their barrier effect and cross-border
living spaces develop, the more important it becomes to ex-
amine population development not only in the nation-state
“container”. The focal points of population development
could lie beyond the border and, thus, be overlooked in an
analysis that ends at the national border. This is especially
relevant as the cross-border real estate price gap seems to
have a significant influence on population development in
the immediate border regions (Hoekveld, 2015; Krajewski,
2018; Reichert-Schick, 2017). However, there are still em-
pirical and methodological problems, especially connected
to data availability and comparability, which make the cross-
border analyses of demographic and economic development
challenging (Sohn and Stambolic, 2015). Even if we cannot
resolve these problems here, we wish to underline that in a
coalescent Europe, discussions such as the one on how to
tackle such data availability and comparability issues on a
supra-state level methodically and practically should receive
more attention.

All in all, we are convinced that our methodological ap-
proach is well-suited to shed new and more detailed light on
the spatial (and, to a certain extent, also temporal) patterns,
trends and outliers of population development in Germany
and to deal with the challenges related to the various “sys-
tems” of municipalities in the different federal states. We ar-
gue that a hot- and cold-spot analysis represents a promising
first step in comparative analyses for detecting patterns in
an unclear mosaic of population changes and is, therefore,
also suitable for international comparisons. Future research
could, on the one hand, broaden the scope of “detecting
shifts of spatial patterns in population trends” in both time
and space, for example, by including cross-border metropoli-
tan regions or analyzing long-term processes (e.g., struc-
tural changes in the economy) or effects of historical events
on population development and settlement structure. On the
other hand, local case studies are needed to better understand
the interplay of demographic and economic factors, societal
forces, and the institutional framework at the local, regional,
national and even supranational levels (Hoekveld, 2015).

We see this paper as an invitation for further content-
related and methodological discussion of the patterns and
trends of population development at the local level in Ger-
many and other countries. Against this backdrop, two ques-
tions especially warrant further attention: (1) what is the
“proper” level of analysis, and (2) how should the results
be interpreted? Turning to the first question, the fact that
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the very small municipalities are overrepresented in the cate-
gories “islands of growth” and “islands of shrinkage” shows
that it would be premature to conclude that the smaller the
unit of analysis, the more realistic and informative are the re-
sults. Figuratively speaking, if the units of analysis are too
small, there is a risk of not seeing the wood for the trees,
while it becomes difficult to see that the wood is made up
of individual trees if the units become too big. Our analysis
has shown that an intermediary level between municipalities
and smaller regions (NUTS3) could be a good compromise
in countries with a high percentage of small municipalities.
However, choosing the proper level of analysis should al-
ways be connected to the research question. To pick up the
metaphor again: not seeing the wood is less of a problem
if research focuses on the individual trees and vice versa.
In this sense and also related to the MAUP, the challenge
to find the best possible unit of analysis remains one of the
key questions of population geography, especially against the
backdrop that in Germany (and many other countries), the
municipality is the lowest level for which statistical data are
available. Although the method applied in this paper is some-
how robust against big outliers, the use of grid data might
be an interesting solution to solve the problems of drawing
municipal borders and contrasting sizes of municipalities in
different (federal) states. However, while using grid cells in-
stead of municipalities as containers of populations would
solve some of the problems of quantitative population geog-
raphy, it would, however, create some new challenges and
problems (not relating the results to administrative units) and
leave some old ones unsolved (e.g., the MAUP).

The second question is related to the interpretation of the
results, notably the challenge of how to explain the patterns
and trends we have described above. The challenge is that the
population development of a municipality is the result of a
complex interplay of demographic factors, such as birth and
death rates and rates of in- and out-migration. All of these
factors are determined and influenced by a bundle of (differ-
ent) societal, economic and locational, inter alia, factors op-
erating at different levels – from the individual to the global.
Analyzing the drivers and trying to explain the patterns and
trends described above, therefore, requires a complex multi-
level statistical model, which was beyond the scope of this
paper.

Our analysis focused on the spatial aspects of the patterns
and trends of population development at the level of munici-
palities over time. Further analytical steps could focus more
on temporal aspects, for example, by using sequence analysis
and the clustering of the trajectories (e.g., annual population
change; belonging to a hot spot, cold spot or island) to allow
for a more detailed analysis of the spatial patterns of popula-
tion development in Germany. A second future avenue of re-
search would be to look into the interdependencies of (trans-
port) infrastructures and population development, both from
a spatial perspective and over time, including commuting as
an adaptation strategy.

One of the biggest challenges for quantitative population
geography, however, is represented by the concept of popula-
tion itself and the way in which population is being defined,
registered and measured statistically. Do population registers
in which each citizen has (only) one permanent residence
where they are statistically counted still reflect today’s re-
alities of life, mobility and multi-locality? The challenge of
how to deal with secondary residents and multi-locality is,
in a nutshell, are people registered as primary residents re-
ally “present” and people who are not really “absent”? Using
household statistics might be a good and robust alternative,
but these data are hardly available on high spatial (e.g., mu-
nicipalities) or temporal (e.g., yearly) resolutions. Another
challenge, not just for Germany, is the data situation for dif-
ferent types of international migration. Widespread inconsis-
tencies in the recording of immigration and emigration from
abroad and imprecision in the statistical recording of asy-
lum seekers without long-term residence status or during the
recognition procedure complicate the analysis of the effects
of international migration on population levels and popula-
tion trends at the municipal level.

In fact, applying the analysis presented here for other in-
dicators and/or other spatial units would allow the testing of
the sensitivity of patterns and islands against other processes
and multiple scales. Consequently, regarding the questions,
challenges and problems we have touched upon in this paper
and the ways we have demonstrated how to deal with them,
we call for both a rethinking of quantitative population geog-
raphy allowing for a richer set of indicators and scales and a
debate on new perspectives of a conceptual–methodological
coalition of new geospatial tools.

Code availability. The software used to spatially process and
visualize the data is ArcMap 10.5 by ESRI and can be found
here: https://support.esri.com/en/products/desktop/arcgis-desktop/
arcmap/10-8-2 (ESRI, 2022). In particular, the hot- and cold-spot
analysis using local G∗ statistics, as well as the cluster and outlier
analysis using Anselin’s local Moran’s I statistic, can be repro-
duced by following the steps in this documentation: https://desktop.
arcgis.com/en/arcmap/latest/tools/spatial-statistics-toolbox/
hot-spot-analysis.htm (ArcGIS, 2022) and https://desktop.
arcgis.com/en/arcmap/latest/tools/spatial-statistics-toolbox/
cluster-and-outlier-analysis-anselin-local-moran-s.htm (ArcGIS,
2022).

Data availability. The dataset with the population numbers of all
German municipalities between 1990 and 2019 is available in the
Supplement to this article.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/gh-77-369-2022-supplement.
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