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Abstract
In Germany, employment is becoming increasingly concen-
trated in urban areas, largely driven by knowledge-intensive
firms competing to attract the most qualified and appropri-
ate labour. Therefore, this paper addresses where knowledge
workers relocate to and how relocation patterns vary across
spatial distances. Using an innovative origin-destination anal-
ysis, we examine job-related employment relocations across
186 functional urban areas in Germany from 2012 to 2021, using
official employment data for 480 multi-locational firms, clas-
sified into one of three knowledge bases: analytical, synthetic
and symbolic. This classification helps explain how firms create
and use knowledge in their innovation process and allows us to
differentiate workers’ relocation patterns. Our findings reveal
a nuanced, multi-scalar perspective on the German knowl-
edge economy. Between 2012 and 2021, knowledge-intensive
employment has primarily relocated towards the largest func-
tional urban areas, such as Munich or Frankfurt. However,
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relocation patterns diverge by knowledge base, and we can
reveal the underlying dynamics driving this concentration.
Workers in synthetic knowledge bases predominantly relocate
on a large scale to and between these largest functional areas
and between more decentralised functional areas, suggesting
that spatial proximity plays a subordinate role in job-related
relocations. In contrast, workers in analytical and symbolic
knowledge bases exhibit less frequent relocations to other
functional urban areas, instead relocating on a regional scale,
mostly between neighbouring or spatially closer functional
urban areas.

Keywords: Location pattern � employment relocation �

employment growth � origin-destination analysis � knowledge
economy � Germany

Wo leben Beschäftigte der Wissensökonomie in
Deutschland? Eine Fallstudie mit Daten zur
Arbeitsmigration in der deutschen
Wissensökonomie von 2012 bis 2021

Zusammenfassung
In Deutschland konzentriert sich die Beschäftigung in der Wis-
sensökonomie zunehmend auf urbane Räume, vor allem durch
dort angesiedelte Unternehmen, die um die qualifiziertesten
und am besten geeigneten Arbeitskräfte konkurrieren. Dieser
Beitrag befasst sich mit dem Umzugsverhalten von Wissensar-
beiterinnen und Wissensarbeitern und wie sich Umzugsmuster
auf unterschiedlichen räumlichen Ebenen unterscheiden. Mit
einer innovativen Herkunft-Ziel-Analyse untersuchen wir ar-
beitsplatzbezogene Beschäftigtenumzüge zwischen 186 funk-
tionalen urbanen Räumen in Deutschland im Zeitraum von
2012 bis 2021. Hierfür nutzen wir offizielle Beschäftigungsda-
ten von 480 Mehrbetriebsunternehmen, die einer von drei
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Wissensbasen zugeordnet werden: analytisch, synthetisch und
symbolisch. Diese Klassifizierung hilft zu erklären, wie Un-
ternehmen Wissen in ihren Innovationsprozessen erzeugen
und nutzen, und ermöglicht uns, die Umzugsmuster der Be-
schäftigten zu differenzieren. Unsere Ergebnisse liefern eine
detaillierte, multiskalare Perspektive auf die deutsche Wis-
sensökonomie: Zwischen 2012 und 2021 hat sich die räumli-
che Verteilung wissensintensiver Beschäftigung stärker auf
die größten funktionalen urbanen Räume wie München oder
Berlin konzentriert. Allerdings unterscheiden sich die Um-
zugsmuster je nach Wissensbasis, weshalb wir die zugrunde
liegende Dynamik dieser Konzentration aufdecken können.
Arbeitskräfte in synthetischen Wissensbasen ziehen überwie-
gend in großem Maßstab in die größten Funktionsbereiche
sowie zwischen diesen und dezentraleren funktionalen urba-
nen Räumen um. Dies deutet darauf hin, dass die räumliche
Nähe bei arbeitsplatzbezogenen Umzügen möglicherweise
eine untergeordnete Rolle spielt. Im Gegensatz dazu ziehen
Beschäftigte in analytischen und symbolischen Wissensba-
sen seltener in andere funktionale urbane Räume. Sie ziehen
stattdessen auf kleinräumigerer Ebene um, meist zwischen
benachbarten oder räumlich näher gelegenen funktionalen
urbanen Räumen.

Schlüsselwörter: Standortmuster � Arbeitsmigration �

Beschäftigungszuwachs � Herkunfts-Ziel-Analyse �

Wissensökonomie � Deutschland

1 Introduction
In this paper, we examine the location and movements of
knowledge workers in Germany from 2012 to 2021 by study-
ing job-related relocations. While relocations are primarily
driven by job availability, they are also influenced by a range
of individual factors, such as employer strategies, city or re-
gional attractions, and personal motivations, which makes it
difficult to assess where workers will relocate (Niedomysl/
Hansen 2010; Dorfman/Partridge/Galloway 2011; Tippel/
Plöger/Becker 2017). On the other hand, knowledge-inten-
sive firms locate where they find a pool of appropriate
labour, thus ensuring proximity to other firms (e.g. Diodato/
Neffke/O’Clery 2018). Therefore, a causal relationship ex-
ists between firm locations and the number of employees
(e.g. Heidinger/Fuchs/Thierstein 2024). Following previous
research in this area, we argue that the need for workers
to relocate is strongly influenced by the type of knowl-
edge base to which a firm, and thus its workers, is as-
signed (Zhao/Bentlage/Thierstein 2017; Heidinger/Fuchs/
Thierstein 2024). For example, firms in industries classi-
fied as having a symbolic or synthetic knowledge base,
such as consultancy or advertising, rely on face-to-face in-

teraction for effective knowledge creation and hence tend to
be located in regions with a high concentration of workers
who possess the necessary knowledge (Wood 2002; Bathelt/
Malmberg/Maskell 2004). These concentrations, in turn, at-
tract more workers with the necessary knowledge from other
regions. In contrast to previous research on employment
mobility, which often focuses on cities, regions, or areas
as statistical entities, we link both origin and destination to
visualise the underlying spatial interdependencies that arise
through worker relocations, tracking relocations over two
points in time.

To do so, this study uses employment relocation data
based on a dataset of multi-branch, multi-location firms in
the knowledge economy. Knowledge-intensive firms typi-
cally organise their value chains across multiple locations,
implementing strategies to optimise value and knowledge
creation over time. Unlike single-location firms that concen-
trate resources in one place, multi-location firms distribute
processes across various firm locations. Although the ap-
proach chosen here excludes smaller firms, it allows com-
parability of employment among similarly sized firms with
multiple locations across Germany. We argue that study-
ing employment relocation patterns offers new insights into
possible regional dependencies, as workers who relocate
bring new knowledge to regions and encourage interactions
between workers that drive knowledge exchange. Their pres-
ence also attracts additional firms seeking to benefit from
such knowledge spillovers and helps avoid regions becom-
ing “locked-in” (Boschma 2005: 72).

Thus, employment serves as a proxy for the knowledge
creation process within firms, as an appropriate workforce
is the modern ‘resource’ for knowledge-intensive firms, re-
flecting their efforts to foster innovation and maintain com-
petitiveness (Cooke/De Laurentis/Tödtling et al. 2007: 26).
To assess these issues, we rely on data provided by the Insti-
tut für Arbeitsmarkt- und Berufsforschung (IAB), enabling
us to link firms’ location data to their respective employ-
ment data. As introduced above, we classify our data into
four knowledge bases: analytical high-tech, synthetic high-
tech, synthetic Advanced Producer Services, and symbolic
Advanced Producer Services. By spatialising the results of
the origin-destination analysis, we can thus visualise the re-
locations of knowledge workers over time, showing where
they previously worked and where they moved for a new
job. For example, we can show which functional urban ar-
eas are important destinations for knowledge workers across
the knowledge bases, as well as how these functional urban
areas are linked to other functional urban areas through
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worker relocations. Our data is aggregated to 186 German
functional urban areas from 2012 to 2021. This period cov-
ers about ten years and is sufficient to gain insight into
a constantly evolving and changing knowledge-based econ-
omy in which workers stay in one job for ever shorter peri-
ods.1 Thus, this paper comprehensively studies a key aspect
of how the knowledge economy shapes space by focusing
on job-related relocations.

In short, this paper defines workplace or job-related re-
locations exclusively as relocations that are associated with
a change of work location, i.e. to another functional urban
area. When we refer to relocation, we specifically mean the
movement of a knowledge worker to a new workplace in
a different functional urban area. Therefore, we analyse all
workers in our firm dataset across all functional urban areas,
examining their origins and destinations, and endeavour to
answer the following research question:

“What are identifiable spatial patterns of the reloca-
tion of workers within the knowledge economy in
functional urban areas in Germany between 2012 and
2021?”

The paper is organised as follows. First, in Section 2, we
introduce the conceptual background of the study by defin-
ing knowledge-intensive employment and discussing the im-
portance of knowledge to firms, as well as its localisation
mechanisms. In this section, we also present our hypothe-
sis. The third section outlines our data and methodology. In
the fourth section, we present the results of our analysis. Fi-
nally, the study concludes with a discussion of the findings,
limitations, and an outlook for future research.

2 Conceptual background and
literature review

To understand the spatial distribution and relocations of
knowledge workers in Germany, it is essential to consider
workers’ location preferences and the backdrop of firm lo-
cation strategies in the knowledge economy. Thus, we first
provide a comprehensive overview of the current state of
academic research on delineating the knowledge economy
from the rest of the economy, on knowledge-intensive firms
and their differentiation, and then focus on knowledge-in-
tensive employment and its localisation in Germany.

1 cf. https://www.destatis.de/DE/Themen/Arbeit/Arbeitsmarkt/
Qualitaet-Arbeit/Dimension-4/dauer-beschaeftigung-aktuell-
Arbeitgeber.html (24.04.2025).

2.1 Knowledge-intensive firms

Research continuously explores where firms (co-)locate
or cluster (Asheim/Gertler 2005; Storper 2011; Barlet/
Briant/Crusson 2013; Duvivier/Cazou/Truchet-Aznar et al.
2021; Rozenblat 2021; Smętkowski/Celińska-Janowicz/
Wojnar 2021). Over the last decades, driven by processes
of deregulation and liberalisation, multinational firms have
emerged as key drivers of globalisation (Cooke/De Lau-
rentis/Tödtling et al. 2007; Bathelt/Glückler 2011). Knowl-
edge-based firms profited significantly from these processes
due to the nature of their reliance on and implementation
of new knowledge to stay competitive in the global market.
For these firms, innovation arises from integrating local
knowledge sources into their internal global networks with
other specialised firm locations (Bathelt/Glückler 2011;
Broekel/Balland/Burger et al. 2014; van Meeteren/Neal/
Derudder 2016). Firms in the knowledge economy thus
use knowledge sources to improve a product or service,
effectively offering knowledge as a product (Cooke/De
Laurentis/Tödtling et al. 2007). Following Polanyi’s (1958)
fundamental work, firms depend on two sources of knowl-
edge to foster their innovation processes: codified and
tacit knowledge. While codified knowledge can be easily
shared and exchanged, tacit knowledge depends on physical
accessibility to other knowledge sources (Simmie 2003).
Asheim and Gertler (2005) later added that rather than
a simple dichotomy, the innovation process in firms con-
sists of an intricate firm-internal and firm-external process
that combines tacit and codified knowledge. Even though
codified knowledge is ubiquitous due to digitalisation, the
specialised tacit knowledge needed is still highly localised
(Gertler 2003; Simmie 2003). Thus, firms must actively
(re-)locate and access these localised or “sticky” (Balland/
Rigby 2017: 2) knowledge resources. Over time, this has
led to a growing concentration of knowledge-intensive
activities in a few urban areas, particularly near hubs of
innovation such as research and development centres or
universities, and in proximity to firms requiring special-
ised services. This trend is evident in Germany as well
(Alcacer/Zhao 2010; Brunow/Hammer/McCann 2020). Re-
search on industry-university collaborations has shown that
proximity positively affects the innovation process, and uni-
versities themselves can be seen as a network of nodes for
knowledge transfer (Roesler/Broekel 2017; Arant/Fornahl/
Grashof et al. 2019). Additionally, firms depend on various
location factors, such as accessibility to regional and global
networks through a well-developed train system or airports
(Andersson/Karlsson 2004; Heidinger/Wenner/Sager et al.
2023). In short, a diverse and competitive local market is
beneficial, as it not only improves the likelihood of knowl-
edge spillovers between firms but also provides access to
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much-needed tacit knowledge (Parr 2004; Storper/Venables
2004; Boschma 2005).

2.2 Knowledge bases and their spatial
distribution

As described above, different factors influence the spatial
distribution of knowledge-based activities, as the knowl-
edge economy is diverse, encompassing various economic
sectors. How can we make generally applicable statements
about the location choices of their workers? Our study is
informed by Asheim and Gertler’s (2005) classification of
knowledge to study the location choices of knowledge work-
ers. The framework allows us to explore workers’ spatial
behaviours by focusing on the occupational skills of em-
ployees and comparing different approaches to knowledge
creation. It categorises knowledge into three bases: analyt-
ical, synthetic, and symbolic. In the analytical knowledge
base, codified knowledge is frequently used. Here, scientific
knowledge – developed in-house or in collaboration with re-
search organisations – is essential. Such occupations include
scientists and analysts who work on producing outputs like
patents and publications (Asheim/Gertler 2005; Asheim/
Hansen 2009). Due to the codifiability of this knowledge,
the choice of location is little dependent on physical prox-
imity, and other location factors such as available build-
ing space or rent come into play (Asheim/Boschma/Cooke
2011; de Bok/van Oort 2011; Harris/Moffat/Evenhuis et al.
2019). At the other end of the knowledge spectrum, the
symbolic knowledge base relies primarily on tacit knowl-
edge. It is highly adaptive to needs, as seen in the media,
advertising, or design industries (Asheim/Boschma/Cooke
2011). These occupations tend to be more creative, with
designers, media producers, or advertising experts working
closely with clients (Asheim/Hansen 2009). Hence, face-to-
face interaction and geographical proximity are pivotal in
this knowledge base (Asheim/Gertler 2005). Due to the dy-
namic nature of this knowledge base, customers and collab-
orators are predominantly based in densely populated urban
areas. The synthetic knowledge base lies between these two
extremes, blending elements of codified knowledge and the
tacit body. Here, occupations such as consultants, project
managers, or engineers play a key role in applying and
combining existing knowledge to solve problems (Asheim/
Hansen 2009). Thus, new knowledge is synthesised through
social interaction with clients but applied to the needs of the
industry (Asheim/Gertler 2005). Although not free of em-
pirical criticism, particularly for its broad classification of
sectors in knowledge bases and the lack of a temporal com-
ponent (e.g. Wagner/Growe 2023), this approach nonethe-
less provides valuable insights into firm location strategies
and the workplace choices of knowledge workers.

We adopt the classification by Zhao, Bentlage and Thier-
stein (2017), which expands this framework into four dis-
tinct groups: analytical high-tech, synthetic high-tech, syn-
thetic Advanced Producer Services, and symbolic Advanced
Producer Services. The authors identify different location
choices regarding work and residence for each knowledge
base for the metropolitan region of Munich. For example,
knowledge workers in a symbolic knowledge base prefer
central, urban locations that offer proximity between work
and residence, consistent with existing literature. In con-
trast, workers with a high-tech knowledge base show less
of a preference for proximity to work and often choose sub-
urban locations. Those assigned to a synthetic Advanced
Producer Services knowledge base show a mixed prefer-
ence, balancing between urban and suburban locations. We
see this fourfold classification as a valid approach to add
nuance to the knowledge economy without exclusively fo-
cusing on specific sectors, such as Advanced Producer Ser-
vices, manufacturing, or tech.

2.3 Knowledge-intensive workers and
regional employment growth

Research on regional employment in knowledge-inten-
sive industries, particularly with a temporal or longitudinal
component, has shown that not only are firms unevenly clus-
tered in space, this also applies to employment (Boschma/
Fritsch 2009; Mossig 2011; Heider/Siedentop 2020; Wag-
ner/Growe 2023). As a result, firms must either relocate
to regions with appropriate workers or open subsidiaries
there (Storper/Scott 2009; Balland/Rigby 2017). Krätke
(2007, p. 25), who used knowledge-intensive employment
as a proxy for economic activities, defined this process of
increasingly uneven concentrations as “metropolisation”,
since certain metropolitan regions function as the “motors”
of economic development. This competition for labour
also leads to greater specialisation of knowledge, as highly
skilled workers adapt to the firm’s recruitment needs (Hi-
dalgo/Klinger/Barabasi et al. 2007; Storper 2010; Stoyanov/
Zubanov 2012; Serafinelli 2019). Higher specialisation
comes with a price. Due to competition for the most ap-
propriate workers, salaries have increased (Neffke/Henning
2013; Serafinelli 2019). However, paying a wage premium
does not necessarily have to be a disadvantage since the
literature assumes a higher probability of innovation from
these workers (Berry/Glaeser 2005). Besides innovation,
knowledge workers usually perform non-routine, non-cod-
ifiable tasks such as analysis or management, which are
also assigned higher wages (Harrigan/Reshef/Toubal 2021).
Tambe and Hitt (2014), for example, found that within-re-
gion job changes in IT sectors impact productivity and
knowledge spillovers. The pressure for higher wage levels
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is conducive to in-migration, as every job change opens up
the possibility of new knowledge workers moving in from
within the region or outside it (Deng/Li/Shi 2022). Workers
look for the best economic setting and tend to factor in soft
location factors, such as the region’s social, natural, or
cultural environment (Tippel/Plöger/Becker 2017; Carlino/
Saiz 2019). However, to our knowledge, no research has
been conducted to determine whether knowledge workers
favour soft location factors over a competitive, well-paying
environment. It can be summarised that local concentra-
tions of workers and firms that constantly compete for the
best match benefit productivity, even if we see a steady
concentration in space (Berry/Glaeser 2005; van Meeteren/
Neal/Derudder 2016; Balland/Jara-Figueroa/Petralia et al.
2020).

In the context of employment growth in knowledge-in-
tensive industries, Mossig (2011) and Boschma and Fritsch
(2009) studied contributing factors, particularly within cre-
ative industries. Boschma and Fritsch (2009), for example,
applied spatial regression analysis to examine how factors
such as tolerance and labour mobility influence spatial dis-
tribution. The authors found that while urbanisation and
cultural environment play a role, growth in employment is
linked to the presence of highly educated workers and the
extent of relatedness among creative occupations, which
aligns with the findings above.

Heider and Siedentop (2020), on the other hand, com-
pared knowledge-intensive and total employment growth
between German and US city regions using a longitudinal
GINI and concentration analysis. The authors found that in
Germany, the distribution of employment remained stable
on average, with knowledge-intensive employment being
more centralised and a moderate deconcentration of employ-
ment in manufacturing. However, the authors also found ev-
idence that city size does play a role, with larger cities show-
ing a higher tendency for reconcentration than medium-
sized core cities (Heider/Siedentop 2020: 13). Lastly, Wag-
ner and Growe (2023) analysed knowledge-intensive em-
ployment growth in knowledge bases across large city re-
gions in Germany. They found a general concentration of
knowledge-intensive work in large cities, with spatial distri-
butions varying by knowledge base. Analytical knowledge
work, which relies on proximity to infrastructure such as
laboratories, was relatively evenly distributed, while em-
ployment in synthetic knowledge, which is increasingly fa-
cilitated by remote working, showed a tendency towards re-
gionalisation. In contrast, workers in symbolic knowledge
remained predominantly in core cities due to their depen-
dence on cultural and urban infrastructures.

A major limitation of most of these studies is their ten-
dency to analyse regions as isolated statistical entities. How-
ever, viewing cities, regions, or functional urban areas solely

in this way alone fails to fully capture the complexity of spa-
tial interconnectedness. Goods and people flow, commute,
or relocate across various spatial scales, continuously shap-
ing and redefining these spaces, contributing to growth or
decline.

2.4 The spatial and functional relationality of
the knowledge economy

In the context of this study, it is thus important to un-
derstand how spatial relationality crucially influences the
space we observe, resulting from a complex interplay be-
tween morphological and functional structures (Klooster-
man/Lambregts 2001; Meijers 2005). While the former fo-
cuses on measuring or quantifying entities such as cities or
people, the latter examines the relationships and interactions
between entities within a given space (Growe 2012). These
interactions can occur either in a reciprocal exchange or in
a more hierarchical form favouring one entity (Taylor 2004).
Typically, functional dependency is oriented towards one en-
tity, such as a ‘core’ city, in a monocentric agglomeration,
where most economic activities are concentrated. Recipro-
cal exchange, on the other hand, refers to the more even dis-
tribution of economic activities among spatially proximate
agglomerations. Two or more ‘core’ cities dominate in such
a polycentric structure. This study uses the spatial scale
of functional urban areas, which encompass the geograph-
ical extent of a city, including a 45-minute commute area
from its core, and are considered cohesive, functional enti-
ties rather than just administrative regions (ESPON 2004).
Our focus is thus on worker relocation patterns between
two functional urban areas. We take a functional perspec-
tive and apply an origin-destination (OD) analysis using
employment data. This approach allows us to understand
how relocations in the knowledge economy have shaped
the space we see and visualise spatial-temporal relational-
ity. Therefore, we formulate the following hypothesis, which
we test for each knowledge base:

“Knowledge workers tend to relocate to the nearest,
more populous functional urban areas. The relocation
distance increases when knowledge workers relocate
between two more populous functional urban areas.
Here, workers tend to relocate from smaller, less pop-
ulous functional urban areas to larger, more populous
functional urban areas.”

To the best of our knowledge, the relocation patterns of
knowledge workers or employment in regional economies
have not been widely studied using origin-destination anal-
ysis, likely because the specific, personalised data required
for scientific investigation are not publicly or readily avail-
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able and must first be modelled. Origin-destination analy-
sis has been used for various types of research in regional
studies, such as commuting patterns or transportation flows
(LeSage 2014). For example, Pitoski, Lampoltshammer, and
Parycek (2021) combined origin-destination analysis with
network analysis and found that while the number of migra-
tions increased over time, the network remained constant,
with more people moving between two regions than within
a region.

3 Data and methodology

3.1 Firm and employment data

To study the employment and relocation of knowledge work-
ers, we must first establish a clear delineation of knowledge-
intensive firms from which to extract data. As an initial step,
we employed the categorisation established by Legler and
Frietsch (2006), as well as Gehrke, Frietsch, Neuhäusler
et al. (2013), to define which firms can be classified as
knowledge-intensive based on the German Classification of
Economic Activities (Wirtschaftszweige 2011). Here, we
grouped knowledge-intensive classes of economic activities
with similar activity-related contexts. We followed the logic
of Legler and Frietsch (2006) and chose subsectors focused
on investing in research and development activities and with
a high concentration of skilled labour. Each subsector was
then assigned to its relevant knowledge base following the
classification of Zhao, Bentlage and Thierstein (2017). The
complete list of subsectors and their corresponding knowl-
edge bases are available upon request. We then used Dun &
Bradstreet data2 to identify the top 30 firms by employees
in each subsector in 2019. Based on this grouping process,
we built a dataset of 480 firms, including the top 30 firms in
each subsector, which we selected based on the condition
that each firm must be multi-branch and multi-locational
– and thus must have at least two locations in Germany.
We argue that analysing the top 30 firms allows us to make
well-founded statements about the German knowledge econ-
omy while focusing on the interpretability of large, multi-
branch, multi-locational firms. In contrast, firms with only
a few locations do not face the same complexity in location
optimisation and can relocate and adapt more flexibly to
changing market conditions. By excluding them, we focus
on firms whose location decisions are more strategic and

2 Dun & Bradstreet is a business analytics database that provides
various commercial information on firm locations such as size, age,
and revenue.

stable, providing deeper insights into the spatial dynamics
of the German knowledge economy.

We used the Establishment History Panel (BHP) pro-
vided by the Institut für Arbeitsmarkt- und Berufsforschung
(IAB) to identify and extract all firm locations in Germany
for all available years and assign them to the appropriate
knowledge base. The Establishment History Panel contains
all firm locations with at least one employee who is subject
to social security contributions. It also includes other infor-
mation, such as the economic sector or location. The data
is very reliable due to legal sanctions for false reports.

By using this firm location dataset, we were able to iden-
tify and extract the relevant employment information from
the Employment History Panel (BeH) of the IAB, as firms
in both datasets are linked by a common ID. The Employ-
ment History Panel provides information on all employees
subject to social security contributions in Germany, who
are recorded according to various characteristics. To iden-
tify workers who relocated for jobs, we further filtered the
data to include only those who changed their place of work
between two dates. If a worker’s entry shows such a change
in work location, it is categorised as a job-related relocation
in our framework. To visualise the evolution of relocation
patterns over time and to account for changes in labour mar-
ket participation, we introduced an intermediate step in our
analysis, 2016. Due to a reclassification of jobs in 2011, we
opted to start tracking jobs – and thus firms – from 2012,
as considering any earlier data would lead to classification
errors. Consequently, we limited our analysis to the years
2012 to 2021 and divided the period into two distinct time
spans, 2012 to 2016 and 2016 to 2021, each in the form of
an OD matrix. Since our study is based on knowledge bases,
each worker in our dataset is assigned to their employer’s
corresponding knowledge base.

Lastly, employment and firm data provided by the IAB
are highly sensitive, so we aggregated the data to the func-
tional urban area level to avoid overly compromising inter-
pretability. We argue that it does not matter where a firm
is located within the range of one functional urban area,
because spatial proximity is sufficient at this supraregional
level. This shifts the focus from changes in local commut-
ing patterns caused by job changes within a functional urban
area to large-scale relocation behaviour between functional
urban areas. In Germany, 186 functional urban areas can
be identified. Since migration data can be difficult to inter-
pret, we developed a systematic scheme to overcome this by
grouping workers’ relocations into meaningful categories.
We briefly introduce our approach in the next section.
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Table 1 Summary statistics of job-related relocations

Min Mean Standard Deviation Max Total 25% Median 75%
Analytical high-tech 1 3.9 8.4 75 2364 1 1 3
Synthetic high-tech 1 7 22.8 410 13,084 1 2 5
Synthetic APS 1 14 50.5 977 48,948 1 3 8

2012–2016

Symbolic APS 1 2.9 7.4 96 1657 1 1 3
Analytical high-tech 1 4.3 9.6 81 3340 1 1 3
Synthetic high-tech 1 7.5 31.7 554 14,205 1 2 4
Synthetic APS 1 13.8 58.8 1284 48,939 1 3 8

2016–2021

Symbolic APS 1 3.7 9.7 112 2191 1 1 3

3.2 Origin-destination employment networks

This section introduces our methodology for analysing ori-
gin-destination employment flows between two functional
urban areas. The visualising and interpreting of origin-des-
tination flows often face the problem of visual cluttering
with increasing flows of movements, hence various graph
bundling approaches have been developed to simplify this
(Holten/van Wijk 2009; Hurter/Ersoy/Telea 2012). To anal-
yse the dynamics of worker relocations, we use two com-
plementary visualisation approaches. First, chord diagrams
provide an overview of the intensity of relocations. Second,
maps spatialise these flows, allowing us to uncover poten-
tial regional patterns, i.e., whether relocations occur over
short or long distances. The maps further reduce complex-
ity by focusing on the dependencies between two functional
urban areas and presenting only the ‘destination’. Both vi-
sualisation approaches were developed in R; for the chord
diagrams, we relied on the R package ‘circlize’, developed
by Gu, Gu, Eils et al. (2014).

For the maps, we first defined the magnitude or strength
of relocations between two functional urban areas by aggre-
gating the flow between them in both directions. We then
normalised the employment flows across all four knowl-
edge bases to achieve visual comparability. We defined five
groups of relocations based on their relative strength in 0.2
steps, ranging from 1.0 to 0.1, and one additional group
for less than 0.1 relocations. However, to avoid losing the
directional information when two opposing directions were
combined, we added a comparison of the ratio between the
two functional urban areas. We assigned the direction to
the more substantial flow. We use a colour classification
to study whether the more substantial relocation flow goes
to the less or more populated functional urban area, where
a green line indicates that more workers were relocated to
the more populous functional urban area, a purple line indi-
cates the opposite, and a yellow line shows a more balanced
distribution of relocations between the two functional urban
areas. Thus, a straight line between two functional urban
areas symbolises the strength of relocation and the direc-

tionality. We only display the name of the functional urban
area that has attracted more workers than it has lost in the
pair. Thus, we colour-coded the labelled functional urban
areas as follows. If a label appears in both time spans, it
is displayed in black. If the destination only appears in the
2012–2016 period and not in 2016–2021, it is coloured in
light green. If it only appears in 2016–2021, it is displayed
in light blue. We made use of the 2022 urban and rural
concept developed by the German Bundesinstitut für Bau-,
Stadt- und Raumforschung (BBSR)3 for both the maps’
backgrounds and the classification of functional urban ar-
eas. To capture nuanced spatial distinctions while maintain-
ing visual interpretability, but also to assess whether more
workers relocate to urban areas rather than the contrary, we
opted for a threefold classification: urban, urban-rural, and
rural. Since functional urban areas are functional but not
administrative demarcations, we assigned each functional
urban area its BBSR category using spatial statistics.4 Ad-
ditionally, we aim to check the concept of metropolitan
regions by examining the underlying assumption that ag-
glomeration effects are gradually concentrating economic
activity in urban areas. Therefore, we included the delin-
eation of metropolitan regions on the maps using dashed
lines to provide a backdrop for comparing the regional ex-
tent of relocations with a normatively defined metropolitan
region (van Meeteren/Poorthuis/Derudder et al. 2016). For
the chord diagrams, we clustered the functional urban areas
into their respective BBSR category, as discussed above.
For each functional urban area, all relocations are shown
with the help of incoming and outgoing arrows. The scale
on the ring reflects the absolute magnitude of relocations
for each functional urban area. Tab. 1 shows the summary

3 https://www.bbsr.bund.de/BBSR/DE/forschung/
raumbeobachtung/Raumabgrenzungen/deutschland/regionen/
siedlungsstrukturelle-regionstypen/regionstypen.html
(24.04.2025).
4 The only functional urban area that we assigned manually was
the functional urban area Berlin, as it is monocentric.
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statistics for each knowledge base and time span. The re-
locations of workers between two functional urban areas
range from 1 to 1284. Notably, our data is right-skewed
in all knowledge bases, as the mean ranges from 3.7 to
14 workers relocating between two functional urban areas.
The total is the summed relocations of all workers in one
knowledge base to another functional urban area, ranging
from 1657 to 48,948, with the fewest relocations in sym-
bolic Advanced Producer Services and the most relocations
in synthetic Advanced Producer Services. In total, the re-
locations increased from 2016 to 2021. We normalised the
relocations between two functional urban areas using the
maximum of 1284 relocations as the baseline (1.0).

4 Findings

4.1 High-tech knowledge bases

Leveraging the insights gained from the literature review,
we can now present our findings on job-related relocations
of knowledge workers, categorised by their specific knowl-
edge bases. Hence, only workers who found a new job in
another functional urban area are shown. As mentioned
above, our relocation dataset is right-skewed, with many
cases containing only a single or few relocations in total.
To improve interpretability and better emphasise the under-
lying relocation patterns, our synthetic high-tech and syn-
thetic Advanced Producer Services knowledge base analysis
focuses on relocations that account for at least 10% of all
relocations in the maps and the chord diagrams. All of the
following figures illustrate the relocation of high-tech and
Advanced Producer Services employment in two different
time periods. The left-hand side shows the relocations from
2012 to 2016, while the right-hand side shows the reloca-
tions from 2016 to 2021. For clarity and consistency, all
figures are presented in the same format.

We begin our interpretation of the results for high-tech
knowledge bases, which are shown in Fig. 1 and Fig. 2. In
analytical high-tech, as shown in Fig. 1, we only find low
numbers of relocations. Although there are a few long-dis-
tance relocations, such as to and from the functional urban
area of Berlin, most occurred between neighbouring func-
tional urban areas or functional urban areas in the same
BBSR category. Two persistent, interconnected groups of
functional urban areas, i.e., where a number of workers re-
locate between more than two functional urban areas, can
be identified: Krefeld-Duesseldorf-Cologne and Friedrichs-
dorf-Mainz-Darmstadt-Ludwigshafen. Focusing on reloca-
tion destinations that appear only once across the two time
spans reveals that most are situated near the aforementioned
functional urban areas, suggesting that relocations within

this knowledge base tend to be oriented towards nearby
functional urban areas.

Compared to its analytical counterpart, synthetic high-
tech exhibits more relocations, as shown in Fig. 2, espe-
cially larger numbers of moves towards more populous
functional urban areas. Given the size of the automotive
sector in this knowledge base, we can identify two cases
for neighbouring functional urban areas where more re-
locations appear: Wolfsburg-Hannover-Braunschweig and
Stuttgart-Heilbronn. The maps show that a similar relation-
ship also appears between the German part of the functional
urban areas of Bregenz and Ravensburg, underscoring the
prominence of the high-tech sector in the region spanning
Austria, Germany, and Switzerland. More workers relocated
to the smaller functional urban area of Bregenz in the first
time span. However, this trend reversed in the subsequent
period, with a greater influx of workers into the more pop-
ulous functional urban area of Ravensburg. Furthermore,
many workers relocated from the functional urban area of
Coburg, north of Bamberg, to the more populous functional
urban area of Bamberg. Compared to analytical high-tech,
we observe more relocations overall towards larger func-
tional urban areas, predominantly classified as urban-rural.
Particularly in the second time span, from 2016 to 2021,
it can be seen that less populous, neighbouring functional
urban areas like Heilbronn and Salzgitter experienced an in-
flux of relocations from the more populous functional urban
areas such as Stuttgart and Wolfsburg.

4.2 Advanced Producer Services knowledge
bases

Synthetic Advanced Producer Services are displayed in
Fig. 3 and clearly had the most relocations in both time
spans. The relocations demonstrate the importance of firms
adapting and innovating based on new knowledge gained
through new employees, thus attracting new workers con-
stantly (Fallick/Fleischman/Rebitzer 2006; Krabel/Flöther
2014; Serafinelli 2019). From 2012 to 2016, many workers
relocated to less populous functional urban areas, but this
declined from 2016 to 2021, with most workers then mov-
ing to more populous functional urban areas. Three distinct
changes of direction can be identified. During the first time
span, more workers relocated from the functional urban
area of Frankfurt to the functional urban area of Duessel-
dorf, which also had the highest number of relocations in
our data. We find similar cases for the functional urban
areas of Freising and Potsdam, where workers relocate to
the larger functional urban areas of Munich and Berlin in
the second time span. Using the chord diagrams, we also
identify many relocations originating in the functional ur-
ban area of Aschaffenburg, possibly due to a firm location
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Fig. 1 Chord diagrams and maps illustrating job-related relocations for analytical high-tech across both time spans

180 Raumforschung und Raumordnung | Spatial Research and Planning � (2025) 83/3: 172–189



Where do knowledge workers locate in Germany? A case study using employment relocation data in the German ...

Fig. 2 Chord diagrams and maps illustrating job-related relocations for synthetic high-tech across both time spans
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Fig. 3 Chord diagrams and maps illustrating job-related relocations for synthetic Advanced Producer Services across both time spans
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Fig. 4 Chord diagrams and maps illustrating job-related relocations for symbolic Advanced Producer Services across both time spans
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closure during the first time span. The maps for the second
time span generally show a concentration towards fewer, yet
populous, functional urban areas, such as Frankfurt, Mu-
nich, Hamburg, and Berlin. Like its high-tech counterpart
in Fig. 2, the functional urban area of Stuttgart appears to
have experienced an outflow of workers in 2021, relocating
to smaller neighbouring functional urban areas such as
Heilbronn and Ulm. The largest number of workers in this
knowledge base relocate to and between more populous
functional urban areas, i.e., the functional urban areas of
Munich and Berlin or Frankfurt and Berlin, likely due
to the concentration of workers and knowledge-intensive
firms there. These results largely support our hypothesis
that workers tend to relocate to larger functional urban
areas.

Similarly to analytical high-tech, we identify only a few
workers relocating in the symbolic Advanced Producer
Services, as shown in Fig. 4. Furthermore, only a few
large functional urban areas, such as Berlin, Hamburg, and
Stuttgart, serve as persistent destinations. Unexpectedly,
while we identified many relocations in spatial proximity to
the origin functional urban area during the first time span,
longer distance relocations become increasingly prevalent
in the second time span, such as between the functional ur-
ban areas of Kiel and Hildesheim or Fulda and Wiesbaden.
This aspect requires further study.

5 Discussion
Our analysis provides a nuanced picture that emphasises
the need to reconsider the role of knowledge in firms’ in-
novation processes, as this influences both their choice of
location and who they attract. Firms within the analytical
knowledge base rely heavily on scientific knowledge and
employ workers who produce outputs like patents or techno-
logical advancements (Asheim/Boschma/Cooke 2011). In
contrast, firms within the symbolic knowledge base depend
on worker creativity and are thus typically located in ur-
ban environments. As a bridge between these, the synthetic
knowledge base firms focus on solving practical problems
by synthesising new knowledge, often collaborating across
different industries to provide solutions (Asheim/Boschma/
Cooke 2011). This is reflected in the relocation patterns we
observed.

We found that employees in an analytical or symbolic
knowledge base tend not to relocate in large numbers. Fol-
lowing the literature, we assume several reasons for this. For
one, workers in analytical high-tech are trained in-house or
hired directly from universities due to extensive collabo-
rations with research institutes and universities on research
and development projects. This can reduce reliance on exter-

nal knowledge resources by leveraging internal knowledge
and close ties with academic institutions (Roesler/Broekel
2017). Also, research on PhD graduates suggests this strat-
egy is more likely to be true in science, technology, enginee-
ring and mathematics (STEM) fields (Ghosh/Grassi 2020).
Thus, workers in analytical high-tech are less dependent
on physical exchanges with clients, and fewer relocations
may be needed. Similarly, firms using a predominantly sym-
bolic knowledge base may also attract more workers from
within their functional urban areas, as only a few knowl-
edge workers relocate for a new job to another functional
urban area in the symbolic knowledge base. Asheim and
Hansen (2009) argue that workers in this knowledge base
rely most on tacit knowledge, so face-to-face interaction
and specific local knowledge are essential. However, due to
the low magnitude of relocations for both knowledge bases,
we have not drawn any conclusions and leave this open for
future research. Therefore, in the following, we spotlight
two knowledge bases only, synthetic high-tech and synthetic
Advanced Producer Services, examining the interconnect-
edness of functional urban areas driven and visualised by
worker relocations.

In the synthetic high-tech knowledge base, we identified
two patterns of relocations. First, we identify relocation pat-
terns between small numbers of neighbouring functional
urban areas. One example can be found between the func-
tional urban areas of Hannover, Salzgitter, and Wolfsburg,
with a focus on the largest and most populous functional ur-
ban area, Hannover. In particular, the functional urban area
of Wolfsburg is known for its automotive and mechanical
engineering firms, which may influence the whole region.
Second, we identify functional urban areas that are not the
most populous of a metropolitan region yet showcase strong
relocation connectedness with neighbouring functional ur-
ban areas, such as Bamberg-Coburg, Ravensburg-Bregenz,
or Stuttgart-Heilbronn. This may indicate decentralised con-
centration at the level of metropolitan regions. Another ex-
planation derived from previous research could be that these
functional urban areas may have found suitable partners
to share a labour pool (van Meeteren/Poorthuis/Derudder
et al. 2016) or complement each other’s capabilities (Bal-
land/Boschma 2021).

For the synthetic Advanced Producer Services knowl-
edge base, we observe the most relocations. The diverse
yet changing relocation patterns highlight the need for syn-
thetic Advanced Producer Services firms to attract the best
knowledge resources – which they seem to find in the most
populous functional urban areas. Again, our analysis shows
a pattern of relocations between regionally close functional
urban areas, e.g., around the functional urban areas of Dues-
seldorf and Frankfurt. Additionally, workers mostly relocate
between Germany’s largest functional urban areas, such as
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Berlin, Munich, and Frankfurt, with a tendency towards the
more populous functional urban areas in the second time pe-
riod. In addition to the greater number of workers and firms
in absolute terms, this also suggests that workers in this
knowledge base are more likely to relocate in larger num-
bers. The literature argues that this is due to an increasing
up-skilling of workers in and between these areas (Hidalgo/
Klinger/Barabasi et al. 2007; Neffke/Henning 2013). Bal-
land, Jara-Figueroa, Petralia et al. (2020) explain that the
increasing concentration of workers in large urban areas
is due to the rising complexity of activities within firms,
particularly in Advanced Producer Services firms. While
functional urban areas within metropolitan regions attract
many relocations, we also observe substantial relocations
between metropolitan regions and functional urban areas
outside these demarcations. This suggests that the norma-
tively defined delineations of metropolitan regions do not
fully capture the complex nature of worker relocation. Simi-
larly, the BBSR classification clearly distinguishes between
urban, urban-rural, and rural areas, concealing the under-
lying relationality of economic activities. For instance, the
largest functional urban areas, which are thus classified as
urban, are not always the main destinations for workers,
as they are for synthetic Advanced Producer Services. In-
stead, urban-rural or even rural linkages often dominate at
the regional level, particularly in the high-tech knowledge
bases.

We can only partly accept our hypothesis: workers relo-
cate to a nearby larger functional urban area in Germany.
While most workers relocate towards larger functional ur-
ban areas, results for synthetic high-tech show that smaller,
neighbouring functional urban areas are also favoured desti-
nations for knowledge workers, although in fewer numbers
(see Fig.s 1 and 2). These functional urban areas are not
the dominant urban ‘cores’ of a region, but instead may
rather indicate decentralised concentration effects within
metropolitan regions.

6 Conclusion
This paper provides an innovative way to understand the
relocation patterns of knowledge workers by examining the
role of the underlying knowledge base, which influences not
only the spatial distribution of knowledge-intensive firms
but also the relocation behaviour of workers. The concept
of knowledge bases, which encompasses analytical, syn-
thetic, and symbolic knowledge, provides a useful frame-
work for analysing how firms use different forms of knowl-
edge to drive innovation (Asheim/Gertler 2005). Each of
these knowledge bases has specific dependencies on tacit
and codified knowledge, shaping the location preferences

of firms and the underlying knowledge creation processes.
Thus, we argue that these dynamics directly influence the
demand for specific knowledge workers due to their spe-
cific skills. Using an origin-destination analysis and a com-
prehensive dataset covering all employees of 480 multi-
branch, multi-location firms in Germany between 2012 and
2021, we visualised worker relocations across functional
urban areas. We identified two key findings in line with
the theoretical foundation. First, by studying worker reloca-
tions, we observed that relocations in synthetic Advanced
Producer Services tend to be oriented towards the more
populous functional urban area. Building on the literature,
we assume that this continuous relocation of workers and
the resulting concentration of employment is due to increas-
ing competition for the best talent and skills. The synthetic
knowledge base, which combines tacit and codified knowl-
edge, exemplifies this trend (Asheim/Hansen 2009). For our
second time span of analysis, we identified that, specifically,
workers in synthetic Advanced Producer Services, thus the
largest number of workers, relocated to more distant and
more populous functional urban areas, which is in line with
the findings of Balland and Rigby (2017). Increased com-
plexity of work due to competition may drive a greater num-
ber of highly skilled workers into a smaller number of larger
functional urban areas (Balland/Jara-Figueroa/Petralia et al.
2020). We did not identify many such relocation patterns in
the analytical and symbolic knowledge bases. Two possible
explanations in this context are that firms in the analytical
knowledge base may rely on in-house employment train-
ing (e.g. Roesler/Broekel 2017) or that the spatial scope
of functional urban areas, including the city and its 45-
minute commute area, may conceal job changes within indi-
vidual functional urban areas. The latter suggestion cannot
be investigated for data protection reasons. Second, in the
synthetic high-tech knowledge base, we found that workers
mostly relocated to neighbouring or spatially close func-
tional urban areas. These functional urban areas are usu-
ally categorised as urban-rural, indicating a concentration
of workers in decentralised locations within metropolitan
regions, away from the most populous functional urban ar-
eas of these regions – where most workers in Advanced
Producer Services firms work.

Our study has limitations that need to be considered and
call for further research. Using functional urban areas as
our scale of analysis presented challenges. We suspect that
a more detailed spatial delineation could offer deeper in-
sights into knowledge workers’ (re-)location decisions –
even if it would be difficult to reconcile such an analy-
sis with data protection. Workers in analytical high-tech or
symbolic Advanced Producer Services may have relocated
just as often but predominantly within their respective func-
tional urban areas, data that we did not focus on (Zhao/
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Bentlage/Thierstein 2017). We also only concentrated on
job-related relocations, not on household-related moves or
other reasons for relocating, and thus face gaps when there
is a relocation of workplace but not of the household. A
methodological challenge was the definition of relocation.
We chose to track workers present in the dataset between
specific points in time (2012 & 2016 or 2016 & 2021),
excluding those who joined the labour market at a later
stage (e.g. graduates) but also those who moved in from
abroad. Finally, classifying workers based on the firm’s
knowledge base, which is fundamentally derived from the
German Classification of Economic Activities (Wirtschaft-
szweige 2011), does not fully capture what defines a knowl-
edge worker. Future research could explore this further by
including occupational classifications, which the Institut für
Arbeitsmarkt- und Berufsforschung also provides.

Moving away from how knowledge is created and trans-
ported, digital transformation within the knowledge cre-
ation process adds another layer of complexity. Formerly,
Advanced Producer Services firms provided services to
predominantly manufacturing firms worldwide (Bassens/
Hendrikse/Lai et al. 2024). Digitalisation has transformed
their service portfolios and contributed to the rise of big
tech firms that have redefined the traditional value chain,
where outputs now include physical and digital products
(van Meeteren/Trincado-Munoz/Rubin et al. 2022). These
digital services, such as cloud-based collaboration plat-
forms or machine learning services, are permeating how
firms, especially Advanced Producer Services firms, oper-
ate. It puts their location choices (back) in the spotlight
(Trincado-Munoz/van Meeteren/Rubin et al. 2023; Bassens/
Hendrikse/Lai et al. 2024). Bassens, Hendrikse, Lai et al.
(2024) raise the question of whether this transformation
and the COVID-19 pandemic further altered global location
choices. While our dataset covers parts of the COVID-19
pandemic, it does not yet fully capture its influences or
the post-pandemic period’s impact on workers’ relocation
behaviour. Many workers may have adopted alternative
working models during the pandemic, such as working
from home or choosing not to apply for jobs in different
cities, potentially altering pre-pandemic relocation patterns.
This resulting complementarity between centralised, syn-
chronous work and decentralised, asynchronous remote
work, along with current geopolitical turmoil, may further
shape relocation patterns at a variety of spatial scales for
both firms and workers (e.g. Yeung 2024). As a result,
a growing number of knowledge workers may choose not
to relocate at all. The definitive effects of these changes
remain to be seen and hence cannot be assessed in this
study. Lastly, it is also important to note that more and
more firms require similar knowledge resources, such as
statistics, computational skills, and artificial intelligence, in

their innovation processes. Future research could delve into
this to understand the impact of such skills on firm location
choices.

Yet, our findings emphasise the importance of examin-
ing the underlying knowledge base of a worker or firm,
as this plays a crucial role in understanding worker reloca-
tion patterns. It determines where workers relocate to, from,
and in what numbers. Specifically, in synthetic knowledge
bases, we observe a simultaneous trend of large-scale con-
centrations of workers in fewer functional urban areas, while
other knowledge bases exhibit decentralised concentration
at smaller scales.
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