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Abstract

This paper examines the relationship between industrial legacies and demographic trajec-
tories in the large Czech cities after 1990. The analysis is based on a dataset of 26 cities
with more than 45000 inhabitants, combining data on the development of industrial em-
ployment and population changes from the turn of the 1980s and 1990s to the present.
Industrial structures were aggregated into five sectoral categories and compared with
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demographic development using statistical methods (Spearman’s correlation, boxplots,
Webb’s diagram). The results show a significant association between long-term indus-
trial trajectories and demographic outcomes. Cities historically dominated by machinery

and electrical industries have experienced more stable or growing populations, while
those dependent on heavy industries such as mining and metallurgy have undergone sub-
stantial decline. The findings demonstrate the persistence of path dependency in ur-
ban development, linking economic specialization before 1989 with post-socialist demo-
graphic shrinkage. The study highlights the importance of industrial legacy for under-
standing regional disparities in Central Europe and provides empirical evidence for de-
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bates on deindustrialization, shrinking cities, and post-socialist urban restructuring.

Highlights for public administration, management and planning:

* Industrial legacies continue to shape Czech urban development.

* Mining and metallurgy cities show the deepest population decline. Mechanical and
electrical engineering-based cities maintain stable or growing populations.

* Less adaptable industrial structures are linked to long-term decline. Population loss
concentrates in old industrial regions (e.g., North-West Bohemia, Ostrava region).

1 Introduction

After a long period of urbanization supported by in-
dustrial development and, in the case of cities
in Central and Eastern Europe, also by specific so-
cialist industrialization, many cities have been expe-
riencing population decline in the last four decades.
This is especially true for former industrial centers.
Since the mid-1980s, Central Europe has experi-
enced a gradual stagnation and decline in the impor-
tance of industrial production, which was reflected
not only in a decrease in production volume but also

in a significant reduction in employment in this sec-
tor (Steinfuhrer et al. 2010; Krzysztofik et al. 2016;
Cudny & Kunc 2022). Industrial decline had a par-
ticularly strong impact on the development of cities
and urban agglomerations, whose economies were
historically closely linked to raw material extrac-
tion, metallurgy, the chemical industry, and heavy
engineering. In many cases, this long-term tra-
jectory illustrates the importance of path depen-
dency - inherited specializations and industrial lock-
ins limited the ability of cities to adapt when exter-
nal shocks, such as the collapse of state socialism,
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redefined market conditions (Zidek 2017; Brezden
& Szmytkie 2019; Blazek et al. 2020; Sikorski &
Kryczka 2023). Another negative side effect was
the demographic transformation of industrial cities,
often associated with a long-term population de-
cline, mainly due to job losses in industrial enter-
prises and subsequent emigration (Kovacs 1999;
Stanilov 2007; Cudny & Kunc 2022; Bleha & Bucek
2024).

In the Czech Republic, industry accounted for about
two-fifths of total employment in the late 1980s,
but in the 1990s, there was a sharp decline in in-
dustrial production and the number of employees.
The long-term process of deindustrialization, which
intensified in Czech cities from the early 1990s,
had a measurable impact on population develop-
ment, especially in cities whose economies were
historically based on heavy industry. The transi-
tion from a centrally planned economy to a market
economy was a challenging task, especially when
it was accompanied by population decline. This
post-socialist restructuring represented a breaking
juncture: in some cities it deepened decline, while
in others it opened opportunities for renewal, de-
pending on the alignment of inherited capacities
with new global value chains. Some cities and re-
gions have not been able to complete the dein-
dustrialization process and move from traditional
(and declining) industries to modern high-tech in-
dustries, higher services, research, or innovation
(Haase et al. 2016; Kunc et al. 2023). Even after
35 years since the beginning of the economic trans-
formation, some areas still struggle with an insuffi-
cient and undiversified sectoral structure and pay
the price for the historically rooted importance
of dominant industries. In such cities, trans-
formational changes are accompanied by signifi-
cant social, demographic, and environmental prob-
lems. These cumulative outcomes resonate with
the shrinking-cities debate, which views population
loss not as a temporary anomaly and isolated event
but as a path-dependent process linking industrial
outputs and employment decline with selective mi-
gration and ageing.

There is a wide range of analyses and stud-
ies dealing with population changes and urban
shrinkage in Central and Eastern Europe (see be-
low in part Shrinking Cities: Demographic Con-
sequences of Economic (Industrial) Development
Paths). However, analyses of population develop-
ment provide only limited possibilities for a deeper
look at one of the fundamental socioeconomic links
that (post)socialist cities had. This is the relation-
ship of industry, or rather industrial employment,
and population size and changes in these two areas,

starting from the turn of the 1980s and 1990s, with
a bridge to the present, which is the subject of our
text. The original data content relies mainly on rel-
evant data on industrial employment in enterprises
and their possibility of aggregation into a sectoral
and spatial (urban) structure, which is very difficult
and unique.

The paper provides a threefold information base.
First, we provide longitudinal evidence of the con-
nection between industrial structure and changes
in population size in large cities in the Czech Re-
public. Second, by consolidating heterogeneous in-
dustrial activities into a small set of analytically
processable categories, we clarify which indus-
trial legacy is most associated with decline ver-
sus resilience. Third, we highlight the emergence
of divergent paths - the “transformation losers”
concentrated in mining and metallurgical regions
(especially in the Ostrava-Karvind region) versus
the “transformation winners” such as Prague, Brno,
Pilsen, Liberec or Jihlava - while also pointing
to atypical cases (e.g., the industrial boom of Mlada
Boleslav combined with demographic specificities).
These findings are relevant to ongoing debates
on post-industrial transformation, place-based poli-
cies, and prospects for renewal in structurally bur-
dened regions.

The main objective of this study is to examine
whether and to what extent the industrial special-
ization of Czech large cities at the end of the so-
cialist period influenced their subsequent popula-
tion trajectories between the turn of the 1980s
and 1990s and the present (2024). Specifically,
the article inquires whether cities with distinct dom-
inant industrial profiles exhibited systematically dif-
ferent patterns of population growth, stagnation,
or decline after 1990. By linking the longitudinal
data on industrial employment structures with long-
term population changes, the analysis aims to as-
sess the strength and direction of the relationship
between path-dependent industrial legacy and ur-
ban population development in the post-socialist
context.

2 Theoretical background

2.1 Path dependency, industrial
and urban trajectories

legacy,

Path dependency offers a powerful conceptual per-
spective for understanding the divergent post-
socialist trajectories of cities that otherwise shared
a common national political environment. In the re-
gional and urban literature, path dependency refers
to the enduring imprint of past industrial structures,
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locational choices, and institutional arrangements
on contemporary opportunities, mediated by mech-
anisms of increasing returns, sunk costs, institu-
tional routines, and network externalities (Arthur
1994; Martin & Sunley 2006). In industrial cities,
lock-in occurs when skills, supply networks, infras-
tructure, and governance systems are tightly linked
to a narrow set of activities (Grabher 1993; Has-
sink 2010). This lock-in effect, although capable
of promoting stability and competitive advantage
under favorable conditions, becomes a burden when
activities are structurally disadvantaged (e.g., coal
mining, metallurgy and metalworking, heavy chem-
ical industries). The costs of necessary adjust-
ments and new conditions increase, diversification
slows down, and cities or regions become vulner-
able to the cumulative decline of their economies
(Sonn & Lee 2012; Zenka & Pavlinek 2013; Kvé-
ton & Blazek 2018). However, the related diversifi-
cation and branching - upgrading from existing ca-
pacities towards technologically related fields - can
alleviate lock-in and support renewal (Boschma &
Frenken 2011; Isaksen 2014).

For the Czech urban system, this dynamic means
that cities historically anchored in mining and met-
allurgy, or heavy engineering faced a higher risk
of long-term decline. In contrast, cities with bet-
ter capacities in engineering (including automotive
and precision engineering) and electrical engineer-
ing, transport, and related links to research, de-
velopment, creative industries, and innovation had
a stronger adaptive base (Slach et al. 2013; Blazek
et al. 2020; Kunc et al. 2023).

Recent research highlights that this industrial
legacy is not static, but is constantly mediated
by global production networks, innovation systems,
and institutional changes, so that path dependence
is both limiting and enabling (MacKinnon et al.
2019; Hassink et al. 2019; Grillitsch & Sotarauta
2019). Accordingly, the article operationalizes “ini-
tial conditions” through the industrial employment
structure of the late 1980s and uses it as a starting
point for assessing subsequent economic and demo-
graphic trajectories of cities.

2.2 Post-socialist restructuring as a breaking
point

The collapse of state socialism represented
a paradigmatic tipping point that reset market sig-
nals, ownership structures, and business geogra-
phies almost overnight (Stanilov 2007; Cudny &
Kunc 2022). Such moments can reinforce exist-
ing pathways (through subsidies, institutional in-
ertia, and resistance to change) or disrupt them

through privatization, foreign entry, and exposure
to global value chains (Peng & Heath 1996; Uh-
lenbruck et al. 2003). Where the industrial legacy
was not aligned with global demand and environ-
mental standards, deindustrialization accelerated;
where it overlapped with scalable, export-oriented
niches (e.g., automotive, precision mechanics, elec-
trical engineering), new investment tapped into
pre-existing capacities. The concept of path de-
pendence, originally formulated as an alternative
to the neoclassical paradigm (Arthur 1989; Puffert
2002), thus sheds light on how socialist-era special-
ization and subsequent restructuring have created
different trajectories for the future of cities. In both
firms and regions, feedback effects reinforce trajec-
tories: positive feedback increase competitiveness,
while negative ones deepen decline (Martin & Sun-
ley 2006; Isaksen et al. 2018). In Czechoslovakia
before 1990, central planning incorporated enter-
prises into vertically and horizontally integrated
structures, with production tied to CMEA (Council
for Mutual Economic Assistance) demand and labor
tightly regulated by the state (Zidek 2017). While
this system initially supported growth, by the 1980s
it had led to technological obsolescence, material
shortages, dependence on military exports, heavy
industry, and the mining of both hard and brown
coal (Ivanek 1994; Clark & Soulsby 1999; Blazek
et al. 2020). The transition of the 1990s thus acted
as a shock that exposed the vulnerability of lock-
in strategies while opening up space for renewal
and forging development paths.

Empirically, this article interprets the industrial pro-
file of the late 1980s and early 1990s as the ini-
tial node of each city’s trajectory, with subsequent
demographic outcomes (growth, stagnation, or de-
cline) understood as secondary effects of whether
inherited trajectories were reinforced, reoriented,
disrupted.

2.3 Shrinking cities: demographic conse-
quences of economic (industrial) develop-
ment paths

Outcomes of expert studies on shrinking cities un-
derstand permanent population decline as a multi-
causal, development-path dependent process
that links employment erosion, selective popula-
tion outflow, demographic aging, housing vacancy,
and fiscal stress (Turok & Mykhnenko 2007; Rink
et al. 2012, 2022; Bucek & Bleha 2013; Haase
etal. 2014, 2016; Khavarian-Garmsir 2023; Bleha &
Bucek 2024 and many others). In the context of Cen-
tral and Eastern Europe (CEE), urban shrinkage
is often industry-driven and spatially clustered, re-
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flecting the weight of the industrial legacy of the so-
cialist era and the uneven integration of cities into
global production networks and value chains after
1990 (Kovécs 1999; Sykora & Bouzarovski 2012).
This dynamic highlights the role of structural con-
straints, where inherited specializations shape de-
mographic outcomes over several decades.

In the case of Czech cities, this framework sug-
gests that places historically dominated by min-
ing and metallurgical industry trajectories exhibit
depopulation bottlenecks: an outflow of young
and educated cohorts, compounded by reputational
and environmental burdens that discourage new
investment and limit diversification opportunities.
In contrast, urban economies, more deeply rooted
in mechanical and electrical engineering, transport,
and precision manufacturing have shown greater
resilience. These cities are better prepared to sta-
bilize or even re-grow through processes of related
diversification, shifting to higher value-added ser-
vices, and leveraging institutional capacities and in-
novation linkages (Rumpel et al. 2013; Rumpel
& Slach 2014; éerjf et al. 2018). In this sense,
the sectoral taxonomy in the article also serves
as a tool for mapping mechanisms: industrial cat-
egories serve not only as classification labels, but
as proxies for distinct adjustment regimes with rel-
atively predictable demographic characteristics.
Another study further emphasizes that population
decline trajectories are not only shaped by local in-
dustrial structures, but also by multiscalar gover-
nance, environmental transformations, sustainabil-
ity, and policy responses (Mallach et al. 2017; Bontje
2024; Kraker et al. 2024). This highlights the im-
portance of understanding urban shrinkage in Cen-
tral and Eastern Europe as a process driven by both
legacy and future, where dependencies on indus-
trial practices interact with global restructuring
pressures and local institutional activity.

While this study builds primarily on the relation-
ship between industrial structure and urban pop-
ulation development, it does not assume a mono-
causal interpretation of demographic change. Re-
search on old industrial regions (cities) and shrink-
ing cities consistently emphasizes the multifaceted
nature of urban population trajectories, which are
shaped by the interplay of industrial decline, sub-
urbanization, migration preferences, agglomera-
tion effects, governance conditions, and broader
socio-spatial dynamics (Koutsky 2011; Martinez-
Fernandez et al. 2012; Hospers 2013). In this per-
spective, industrial structure is understood as a his-
torically embedded structural condition that inter-
acts with broader economic and behavioral pro-
cesses, rather than operating as an isolated causal

factor. The present analysis, therefore, focuses ana-
lytically on industrial structure as a key explanatory
dimension, while recognizing that urban population
change reflects the combined influence of multiple
structural and contextual forces.

3 Data, methods, and area
of the study

The study is based primarily on data from
the Czech Statistical Office (CZSO), especially
statistics on employment in industry and population
at the city level. Historical data on industrial enter-
prises and employment, calculated within the ad-
ministrative boundaries of cities, were drawn from
the publication Industrial Establishments of Cen-
trally Controlled Industry in 1987 (Czech Statistical
Office 1988), which utilized the so-called workplace
method, i.e., the actual location (address) where
production took place. It was therefore possible
to identify the real number of employees in indus-
trial enterprises in administrative borders of given
cities classified according to OKEC (Industrial Clas-
sification of Economic Activities), or CZ-NACE
codes, and subsequently aggregate these by sector
and space. The end of the 1980s is a very suitable
time milestone for a comparative basis of the in-
dustrial transformation of the last approximately 35
years.

Current data on employment in industry and sec-
toral structure were obtained via e-mail consulta-
tion with experts from the Czech Statistical Office
(user support department) and were complemented
by additional sources, including structural indus-
trial statistics of the Czech Statistical Office (Czech
Statistical Office 2025), the Czech Top 100 database
(2025), and annual reports of the largest enterprises
(2023). These sources were used primarily to iden-
tify the main industrial employers located within
the administrative boundaries of the analysed cities
and to approximate the current scale of industrial
employment using the workplace principle. Again,
the workplace method was used, which eliminated
the discrepancy between people employed in indus-
try with permanent/usual residence (census data)
and those commuting to work at specific enterprises
within the administrative boundaries of the city.
Data on time horizons are largely original, and,
in conjunction with data on population development
in this form, the basic research approach is unique.
Additional information on changes in individual sec-
tors and employment at the enterprise level was col-
lected from enterprise records, national statistics,
and secondary academic sources (e.g., Tousek &
Kunc 1999; Kunc et al. 2023; Dubravova et al. 2024).
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Data on the number of inhabitants of selected
cities were drawn from official demographic statis-
tics of the Czech Statistical Office - historical lexi-
con of municipalities of the Czech Republic based
on a long series of censuses and ongoing statistics
(years 1991, 2024).

According to the predominant main industries iden-
tified in the 1987 database, industrial employment
in each city was first calculated for individual indus-
trial branches and subsequently aggregated to con-
struct a five-fold typology of cities. Each type is de-
fined by the combination of the two largest sectors
in terms of absolute employment. Since the typol-
ogy captures the dominant sectoral pair in a given
city, the same industry - most notably mechanical
industry — may appear in more than one type. The
five types are as follows:

* mechanical and electrical engineering indus-
try (including precision engineering and trans-
port equipment),

* mining and metallurgy (including metalwork-
ing),

* mechanical engineering and light consumer
goods industry (textiles, clothing, footwear,
food processing, etc.),

* chemical and mechanical engineering indus-
try,

* other industry (paper, wood, glass, ceramics,
porcelain, etc.).

The first industry listed in each category repre-
sents the dominant sector in that category. The
use of absolute employment levels allowed consis-
tent classification across cities, while the identifi-
cation of two leading sectors rather than only one
reflects the structure of industrial statistics, where
large enterprises were often classified across mul-
tiple related branches (e.g., mechanical and elec-
trical engineering industry), and it was not always
possible to assign workers precisely to a single sec-
tor. This approach, therefore, captures the pre-
vailing industrial profile of each city without rely-
ing on arbitrary percentage thresholds. The two
strongest sectors always accounted for more than
50% of the employed in the industry in the given
city (except of Karlovy Vary). First mentioned type
of industry in given categories was more robust
as for number of employees.

The repeated presence of mechanical engineer-
ing in several categories reflects its historically
dominant position within the industrial structure

of Czech cities. In many cases, mechanical engi-
neering industries formed the core of local indus-
trial systems and were closely linked with other sec-
tors, such as electrical, chemical, or light consumer
industries, resulting in combined industrial profiles
rather than clearly separated sectoral specializa-
tions.

Methodologically, the analysis combines longitu-
dinal comparisons (late 1980s vs. present) with
sectoral aggregation. To visualize the trajectories
of changes in industrial employment and popula-
tion in selected cities, the Webb diagram was used,
which classifies cities into four quadrants accord-
ing to combinations of growth and decline. To fur-
ther examine the relationship between industrial ac-
tivity and demographic development, Spearman’s
rank correlation coefficient was calculated between
the industrial category of each city (converted
into an ordinal ranking reflecting the technological
adaptability and restructuring potential of the dom-
inant industries in the late 1980s) and the subse-
quent change in population size. For the purposes
of the correlation analysis, the industrial categories
were ordered on an ordinal scale according to their
relative capacity to adapt to post-socialist economic
restructuring, ranging from sectors historically as-
sociated with lower restructuring potential (mining
and metallurgy) to technologically more advanced
and diversified industrial structures (engineering
and electrical industries).

The categories were ranked as follows:

1. mining and metallurgy (including metalwork-
ing),

2. mechanical engineering and light consumer
goods industry (textiles, clothing, footwear,
food processing, etc.),

3. chemical and mechanical engineering indus-
try,

4. other industry (paper, wood, glass, ceramics,
porcelain, etc.),

5. mechanical and electrical engineering indus-
try (including precision engineering and trans-
port equipment).

This ranking reflects the structural characteris-
tics of the sectors rather than the observed demo-
graphic outcomes. This approach allows the re-
lationship between industrial legacy and demo-
graphic trajectories to be tested without incor-
porating population change into the construction
of the ranking itself. The study also uses descrip-
tive statistics and historical comparative analysis
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NUTS 3 regions

Fig. 1 The largest cities in the Czech Republic by population. Source: Authors processing. Note: List of cities, sorted
by population (2024): Prague, Brno, Ostrava, Pilsen, Olomouc, Liberec, Ceské Budéjovice, Hradec Kralovs,
Pardubice, Usti nad Labem, Zlin, Havitov, Kladno, Most, Frydek-Mistek, Opava, Jihlava, Teplice, Karvina, Karlovy
Vary, Chomutov, Mlada Boleslav, Jablonec nad Nisou, Prostejov, Prerov.

of cities according to their dominant type of indus-
try, supported by boxplot visualizations, to highlight
differences in demographic development across ag-
gregated industries.

In addition to these quantitative techniques, the in-
terpretation of results is informed by the conceptual
frameworks outlined above. Specifically, the clas-
sification of cities by industrial legacy is not only
a statistical exercise but also a means of opera-
tionalizing path dependency, highlighting how in-
herited structures may have reinforced or con-
strained later options. The temporal break around
1990 is treated as a breaking juncture, allow-
ing us to examine whether trajectories were rein-
forced, reoriented, or disrupted in the post-socialist
transition. Finally, observed population changes
are read through the lens of shrinking-cities re-
search, which conceptualizes decline as a multi-
causal and path-dependent process rather than
a temporary anomaly. This conceptual anchoring
strengthens the explanatory value of the empiri-
cal analysis and connects the methodological design
to broader theoretical debates.

The study area is all Czech cities with more than
45,000 inhabitants in 1991. This boundary was cho-
sen (after deeper analysis and practical consider-

ation; with one exception - Mlada Boleslav, 44000
inhabitants) to include the largest urban centers
of the late socialist era, which were most exposed
to industrial restructuring and its demographic con-
sequences. In total, 26 cities met this criterion
(see Fig. 1). The number of people employed
in industry in selected cities in 1987 was 650000,
i.e. 37% of all those employed in centrally con-
trolled industry enterprises and 31% of all those
employed in industry (comprising centrally con-
trolled industry, uranium industry, production co-
operatives, etc.). These cities represent a diverse
mix of industrial legacy, from the mining and met-
allurgical centers of the Ostrava-Karvina coalfield
(Ostrava, Karvina, Havirov) to engineering centers
such as Brno and Pilsen to metropolitan centers
with more diversified economies such as Prague.
The inclusion of all major cities allows for a com-
prehensive assessment of how different industrial
structures shaped post-socialist population develop-
ment trajectories.
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Fig. 2 The relationship between changes in population growth/decline and industrial employment in selected Czech
cities in the Czech Republic (1987/1991-2024) Source: Czech Statistical Office (1988, 2004, 2024); Internal database
of individual cities; Czech Top 2025; Annual reports of companies for the year 2023; Author’s editing.

4 Results

At the end of the 1980s, industry accounted for 40%
of total employment in the Czech Republic, with al-
most 2.1 million workers (Tousek & Kunc 1999).
By comparison, in 2023, there were 1.4 million
people, which represented approximately 27% (al-
most 30% of GDP), which was still the highest fig-
ure among EU countries (Czech Statistical Office
2025). Since the 1920s, engineering has been
the dominant sector (in terms of both the number
of employees and production volume) of industrial
production (overtaking traditional textile produc-
tion), with large companies also established in black
and brown coal mining, metallurgy, and the chemi-
cal industry. This sectoral structure has been com-
pletely fragmented over the past 35 years, with vir-
tually all sectors in decline and the focus of indus-
trial production shifting from the ”centers” of large

cities to industrial zones and technology parks
on the outskirts or beyond the city limits.

In the Czech Republic, industrial transformation
and the associated depopulation affected most tra-
ditional industrial cities. However, some cities have
been able to respond more adaptively to struc-
tural changes - they have diversified their eco-
nomic base, attracted new investment, and focused
on the service sector, administration, science, re-
search, creative industries, or hi-tech manufactur-
ing (Kunc et al. 2023; Dubravova et al. 2024).
This not only stabilized their socioeconomic situa-
tion, but in many cases also led to renewed pop-
ulation growth, particularly in the largest Czech
cities such as Prague, Brno, Pilsen or Liberec (ex-
cept for the third largest city of Ostrava), which
have gradually established themselves as regional
or national centers of the knowledge economy, in-
novation and hi-tech industries. These adaptive re-
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spolecnosti za rok 2023; Author’s editing.

sponses illustrate the branching mechanisms high-
lighted in path dependency theory, where cities with
a thicker base of related capabilities (e.g., preci-
sion engineering, R&D, higher education) were able
to reorient their trajectories rather than remain
trapped in decline.

Fig. 2 (Webb’s diagram) divides 26 largest cities
in the Czech Republic into four quadrants accord-
ing to the kind of development they have experi-
enced. In the case of the Czech Republic, the quad-
rant contains only one city, Mlada Boleslav. The
city of Mlad4 Boleslav can be considered a unique
case in the Czech Republic thanks to the automo-
tive industry and its large employer, Skoda Auto.
The city has a favorable geographical location near
Prague and has also seen significant population
growth in recent years. Skoda Auto is a strong at-
tractor for domestic and foreign workers (typically
from Slovakia, Ukraine, and Poland), among other
things, due to above-standard earnings. Such tra-
jectories are typically observed in globally competi-
tive manufacturing centers integrated into interna-
tional production networks.

Quadrant Q2 includes cities with industrial growth
and population decline but remains empty in our
analysis. Most cities are concentrated in quad-
rant Q3, with the worst parameters (a large de-
cline in employment in industry and population de-
cline) being shown by cities focused on coal min-

ing, metallurgy and metalworking, typically cities
in the Ostrava agglomeration (Ostrava, Havifov,
Karvind), in northwestern Bohemia Usti nad Labem,
Most and Chomutov or Kladno in Central Bohemia,
as well as cities primarily focused on chemical pro-
duction (Prerov, Usti nad Labem, Pardubice). Quad-
rant Q4 represents cities where population growth
occurred despite the decline in industry.

Quadrant Q4 represents cities where population
growth has occurred despite a decline in indus-
try. Successful deindustrialization and economic
transformation concern primarily the two largest,
most attractive cities in the Czech Republic in terms
of investment and residence, Prague and Brno.
Along with Pilsen and Jihlava, these cities were
typical of strong mechanical and electrical engi-
neering industry. Other successful cities include
Liberec, Jablonec nad Nisou, Ceské Budgjovice,
and, with the Q3 quadrant, the bordering Olo-
mouc, which were profiled in mechanical engineer-
ing and light consumer goods industry. The rea-
sons for the successful economic transformation,
a balanced or growing population while maintain-
ing a still relatively strong position of industry can
be found in the advantageous geographical location
near not only Prague (the economically strongest
north-south axis in the Czech Republic - the agglom-
eration of Liberec and Jablonec nad Nisou - Mlada
Boleslav - Prague - Tabor - Ceské Budé&jovice)
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with a turn to the west (Pilsen) and the location
on the busiest D1 highway Prague - Brno (Jihlava),
but also in the overall attractiveness of these cities
for investors and residents.

This quadrant structure reflects both the reinforc-
ing and disruptive aspects of post-socialist restruc-
turing: in some cases, inherited lock-ins amplified
demographic shrinkage (Q3), while in others, crit-
ical junctures created space for renewal despite
industrial decline (Q4). In addition to the domi-
nant industrial specialization, the broader diversity
of local industrial structures may also have influ-
enced the capacity of cities to adapt to post-socialist
restructuring, as more diversified economic bases
generally provide greater resilience to structural
shocks.

To further specify the relationship between indus-
try branches and urban population, industrial em-
ployment was aggregated into five categories, ac-
cording to (i) the most frequent occurrence and (ii)
the sectoral similarity of sub-sectors with the link
between individual cities and aggregated indus-
trial sectors. This analysis makes it easier to see
which type of industry dominated the cities with
the most shrinking population, and, on the con-
trary, which industrial branches stimulated popula-
tion balance or even growth. As can be seen in Fig.
3, and as confirmed by Fig. 2, the largest decline
in population occurred in cities where mining, met-
allurgy, and metalworking were concentrated. Out
of the five most depopulating cities in this cate-
gory of predominant industry, only one of the cities
lies outside the Moravian-Silesian region (Chomu-
tov - brown coal mining prevailing) The relation-
ship between changes in population growth/decline
and industrial employment in selected Czech cities
in the Czech Republic (1987/1991-2024). The four
remaining cities - Karvina, Havirov, Frydek-Mistek,
and Ostrava - represent the Upper Silesian coal
basin of the Ostrava-Karvind area in the northeast-
ern part of the Czech Republic. The transforma-
tion of the economy in these “coal regions” led
to massive layoffs, a decline in job opportunities,
and a decline in the attractiveness of these loca-
tions, which led to an outflow of residents, espe-
cially younger and more educated ones. In addition,
the urban and environmental burdens of the past
have hampered a faster transition to a new economy
and the overall revitalization of the region.

The population decline in other cities is linked
to the crisis in traditional industries, such as light
consumer goods (e.g. textiles, clothing, footwear,
food processing), which lost their competitive-
ness after 1990 due to globalization, privatiza-
tion, and the collapse of previously protected mar-

kets. Combined with the mechanical engineer-
ing sub-sectors that also faced declining demand
and restructuring, this led to substantial job losses
and a related outflow of population. A similar devel-
opment affected cities with a predominant chemical
and mechanical engineering industry, where envi-
ronmental burdens, a weaker investment climate,
and a less favorable image further reduced their at-
tractiveness.

Unlike mining and metallurgical centers, how-
ever, other cities did not experience a collapse
of the same magnitude; their trajectories were typ-
ically characterized by gradual erosion rather than
sudden decline. In the case of Karlovy Vary, the only
one designated as "other industry” (population de-
crease of approximately 12%), additional factors
played a role: despite its both economic and in-
dustrial diversity and importance as the largest spa
center in the Czech Republic, the city did not main-
tain a sufficient base of stable employment outside
the tourism sector, contributing to a gradual but
persistent population decline. Other industrial cat-
egories thus reveal more nuanced patterns of ad-
justment, moderate decline, or relative stagnation
rather than a simple polarization between growth
and shrinkage.

Cities with a positive population change balance
are depicted on the right side of the graph, and all
fall into the aggregate industrial category of me-
chanical and electrical engineering. It is important
to mention that this category also includes employ-
ment in transportation and precision engineering,
which was important for all cities in the ”positive”
part of the graph (Fig. 3).

Finally, Spearman’s correlation was performed be-
tween the ordinal ranking of industrial categories
(reflecting the technological adaptability of dom-
inant industries in the late 1980s) and the ac-
tual change in population, where p (rho) = 0.44
and p-value = 0.025. This result indicates a weak
to moderately strong positive association between
industrial structure and population development
at the 0.05 significant level. In other words, cities
whose dominant industrial sectors were histori-
cally more technologically advanced and adaptable
tended to experience more favorable demographic
trajectories. The population change in cities accord-
ing to the individual industrial groups is depicted
in Figure 4. A comparison of industrial categories
in the box plot shows that cities focusing on me-
chanical and electrical engineering industry gener-
ally performed best in terms of population stability
(median slightly above 0), although with consider-
able variation between individual cases. Cities with
a dominant chemical industry and mechanical en-
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Fig. 4 Correlation between the predominant industry category and changes in population in selected Czech cities
(1987/1991-2024) Source: Czech Statistical Office (1988, 2004, 2024); Internal database of individual cities; Czech
Top (2025); Vyrocni zpravy spolecnosti za rok 2023; Author’s editing.

gineering showed more moderate declines but still
a negative trend, while cities classified in the “other
industry” category (in the Czech Republic rep-
resented only by Karlovy Vary) displayed hetero-
geneous trajectories characterized by stagnation
or only moderate decline. In several cases, the pres-
ence of technologically advanced segments miti-
gated demographic loss; however, the limited diver-
sification of the overall urban economy prevented
a shift towards sustained growth. A significant pop-
ulation decline affected cities focused on mechan-
ical engineering and light consumer goods indus-
try, while cities specializing in mining and metal-
lurgy experienced the most pronounced population
decline, with a median decline of almost 15%.
These results suggest that industrial legacies oper-
ate as a path-dependent mechanism: cities histori-
cally embedded in globally relevant and adaptable
sectors demonstrated greater resilience, whereas
those locked into declining heavy industries became
archetypal shrinking cities. It should also be noted
that the most recent population figures partly re-
flect the temporary demographic impact since 2022
inflow of Ukrainian refugees, which has increased
the population of several major Czech cities, partic-
ularly Prague and Brno.

5 Discussion and conclusions

The findings suggest that long-term industrial spe-
cialization has played a significant role in shap-
ing the demographic trajectories of Czech large
cities after 1990. Urban centers historically tied
to extractive and heavy industrial activities proved
particularly vulnerable to post-socialist restructur-
ing, as the transition to a market economy ex-
posed structural rigidities and limited their capac-
ity for rapid economic adaptation. These structural
constraints were particularly evident in the tradi-
tional industrial belt of the Moravian-Silesian Re-
gion, where inherited production structures, en-
vironmental burdens, and weaker diversification
potential combined to reinforce long-term demo-
graphic decline (Koutsky 2011; Koutsky et al. 2025).
The differentiated trajectories observed across in-
dustrial categories indicate that the depth of demo-
graphic loss was closely related to the adaptability
of inherited economic structures. Cities associated
with mining, metallurgy, and related heavy indus-
tries experienced the most pronounced population
decline, reflecting cumulative processes of job con-
traction, selective out-migration, and declining lo-
cational attractiveness (Bosdk et al. 2018; Rink et al.
2022). Rather than representing short-term fluc-
tuations, these developments illustrate how histori-
cally embedded industrial specialization can gener-
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ate persistent demographic effects, reinforcing cy-
cles of shrinkage where restructuring has remained
incomplete or insufficiently diversified.

A contrasting trajectory can be observed in cities
whose economic base was historically linked
to more adaptable branches of mechanical and elec-
trical engineering industries. In these cases, in-
herited industrial capabilities provided a founda-
tion for diversification into higher value-added ac-
tivities, advanced services, and innovation-oriented
sectors. Metropolitan advantages, institutional ca-
pacity, and stronger integration into global pro-
duction and knowledge networks enabled these
cities to stabilize or even increase their populations.
Such developments illustrate processes of indus-
trial branching and adaptive restructuring, in which
related capabilities supported a gradual reorienta-
tion of local economic structures rather than a pro-
longed phase of decline. In addition to dominant in-
dustrial specialization, the broader diversity of local
economic activities may also influence the capacity
of cities to adapt to structural change. Research
on regional resilience suggests that diversified but
technologically related industrial structures can fa-
cilitate processes of economic adjustment and in-
dustrial branching, as knowledge and capabilities
can be recombined across sectors (Frenken et al.
2007; Boschma 2015). In this sense, cities whose
industrial bases combined advanced engineering
with related technological activities may have ben-
efited from a wider portfolio of capabilities during
the post-socialist transformation.

The statistical analysis confirms a significant re-
lationship between industrial structure and demo-
graphic development: cities characterized by tech-
nologically more adaptable and globally embed-
ded industrial profiles were more likely to main-
tain stable or growing populations. At the same
time, the observed trajectories reflect the inter-
action of industrial restructuring with other de-
mographic and spatial processes, including sub-
urbanization dynamics, selective migration pref-
erences, and the growing agglomeration advan-
tages of the largest metropolitan centers. In sev-
eral cases, population decline in core industrial
cities has been accompanied by residential redis-
tribution within metropolitan regions, while more
diversified urban economies have benefited from
their capacity to attract and retain skilled labor.
Institutional readiness, geographical position, ac-
cessibility, and the capacity to attract investment
and skilled labor have also played an important role
in shaping the uneven outcomes of post-socialist ur-
ban transformation.

Looking ahead, the population and economic tra-
jectories of Czech cities are likely to remain dif-
ferentiated. Cities that have struggled to reorient
their economic base continue to face risks of de-
mographic decline, labor outflow, and socio-spatial
marginalization. The findings suggest that strate-
gies aimed at stabilizing these cities cannot rely
solely on economic restructuring. In cities his-
torically dependent on declining heavy industries,
policy responses may need to focus on diversify-
ing local economic structures, strengthening links
to knowledge-intensive activities, and improving
residential attractiveness in order to retain and at-
tract population. At the same time, broader fac-
tors influencing mobility patterns and the retention
of human capital remain crucial for shaping future
demographic trajectories. Policy responses in these
regions may therefore focus not only on economic
regeneration but also on enhancing quality of life,
improving educational opportunities, and foster-
ing regional connectivity. Conversely, dynamically
growing metropolitan areas will confront different
challenges, including housing affordability, sustain-
able mobility, and increasing spatial inequalities,
which require proactive and coordinated planning
approaches.

More broadly, the Czech experience underscores
the long-term impact of inherited industrial struc-
tures on shaping urban development paths. While
structural legacies remain influential, their ef-
fects are mediated by institutional capacity, policy
choices, and the ability of cities to adapt to chang-
ing economic conditions. The trajectories observed
since 1990 thus reflect not only the weight of the in-
dustrial past but also the varying capacity of cities
to respond to new economic and demographic real-
ities.

In conclusion, the industrial past continues to shape
the demographic and economic landscape of Czech
cities in distinct and uneven ways. The analysis
demonstrates that the capacity of cities to adapt
to structural economic change has been closely
linked to the adaptability of their inherited indus-
trial base and to their ability to integrate into
broader metropolitan and innovation systems. The
success of future urban development will depend
on the ability to combine structural economic
change with well-targeted public policies reflecting
both historical context and emerging challenges re-
lated to technological transformation, sustainabil-
ity, and demographic change. The trajectories an-
alyzed in this study therefore represent not only
statistical patterns of growth and decline, but also
long-term processes of urban adaptation whose rel-
evance extends beyond the Czech case.
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The analysis is conducted at the level of adminis-
trative city boundaries, which represent the small-
est spatial units for which consistent historical
and contemporary data on population and indus-
trial employment were available. We are aware
that this spatial definition has certain limitations.
In some cases, important industrial employers as-
sociated with a given city may be located outside
its administrative borders, particularly in suburban
industrial zones that have more intensively devel-
oped since the end of the 1990s. Similarly, part
of the recorded population decline in core cities may
reflect suburbanization processes and residential
redistribution within their surrounding hinterlands.
Nevertheless, large cities historically represented
the main centers of industrial employment and eco-
nomic activity in the Czech urban system, and a sub-
stantial share of industrial jobs was concentrated
within their administrative territories. The use
of cities as analytical units, therefore, allows a con-
sistent long-term comparison of industrial and de-
mographic trajectories. Analyses based on broader
functional urban regions (e.g., districts or admin-
istrative units such as SO ORPs) would represent
a valuable extension of this research but would re-
quire a different methodological design and are be-
yond the scope of the present study.

Another limitation concerns the reconstruction
of contemporary sectoral structures at the city
level. Due to changes in statistical classifica-
tions, increasing sectoral fragmentation, and lim-
ited availability of workplace-based employment
data, the study focuses primarily on the industrial
structure of the late 1980s as the key reference
point and uses current data mainly to illustrate
the overall scale of industrial decline. Another po-
tential factor influencing development of urban tra-
jectories is the original diversity of industrial activ-
ities. While the present study focuses on dominant
industrial sectors as indicators of industrial legacy,
future research could explore more explicitly how
sectoral diversity shaped the resilience of cities dur-
ing the transformation period.

A specific external factor influencing the most re-
cent population data is the inflow of refugees from
Ukraine after 2022. According to official statis-
tics, approximately 400,000 persons with tempo-
rary protection have been registered in the Czech
Republic, with the largest concentrations in ma-
jor urban centers such as Prague and Brno. This
exceptional migration wave temporarily increased
the number of residents in several cities and partly
contributed to the short-term population growth ob-
served in the most recent years of the analyzed
period (2022-2024). However, this influx repre-

sents an external demographic shock rather than
a structural process related to the long-term indus-
trial transformation analyzed in this study.
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