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Abstract: This study investigates the spatio-temporal dynamics and structural causes of in-
ternal migration polarization in Slovakia (2001-2024), testing the cumulative causation hypo-
thesis. Using district-level data and three indices — including spatial efficiency metrics — we
map persistent clustering. Results confirm an entrenched core-periphery system. A highly effi-
cient cluster of sustained gains is confined to the Bratislava metropolitan region, while chronic
structural losses dominate Eastern and Northern Slovakia, confirming the entrenched back-
wash effect. Crucially, clustering intensity in efficiency metrics accelerated sharply post-2008,
validating accelerated divergence and rejecting the neoclassical equilibrium model. The spa-
tial structure of migration efficiency, not raw volume, is the definitive factor driving human
capital erosion and demographic aging in the periphery.
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1 INTRODUCTION

Internal migration drives regional economic restructuring and indicates change.
Central and Eastern European (CEE) nations, like Slovakia, exhibit unique dynam-
ics. Post-1989 reforms and EU integration fundamentally reshaped population mo-
bility (Rowe and Patias, 2020). Unlike Western trends, CEE consistently shows po-
pulation concentration (Rowe and Patias, 2020), which, combined with selective in-
ternational emigration, creates demographic and socio-political challenges (Lim,
2022). Economic transformation has polarized activity, clustering investment, high-
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skills, and infrastructure. Migration both reflects and deepens this emerging core-
periphery structure (Storper, 2018), accelerating regional divergence (e.g., Croatia's
accelerating divergence, Borozan, 2017; Slovakia’s intensifying east-west move-
ment, Novotny et al., 2023). Global patterns confirm this polarization. Determinants
include path dependence, wages, economic scale, and education. Migration is also
a vital labor market adjustment mechanism, generally being procyclical and strongly
affected by labor conditions (Saks and Wozniak, 2007). It can mitigate up to a third
of negative wage effects from economic shocks. Ultimately, movement intensity
strongly correlates with national development indicators globally (Bell et al., 2015).

Post-socialist dynamics and urban change

The post-socialist transition triggered rapid and unexpected demographic pro-
cesses (Bleha, 2019), fundamentally altering urban development and regional policy
in Slovakia (Bucek, 1999, 2016). This transition led to the emergence of a migration
hierarchy characterized by spatial polarization. While some regions rely on innova-
tion and external factors (Plesivéak and Bucek, 2017), others experience mild urban
shrinkage, a process often locally overlooked (Bucek and Bleha, 2013). Addressing
depopulation, particularly in former mining cities, necessitates improved intergo-
vernmental support (Bleha and Bucek, 2023). Regional differentiation fuels varied
migration patterns, with major metropolitan areas showing spatially segregated sub-
urbanization (Sykora and Cermék, 1998; Kok and Kovacs, 1999; Cermék et al.,
2009; Krisjane and Beérzins, 2012). The age structure of migrants is a key indicator
of different regional development stages.

Slovakia is marked by significant intra-EU regional economic disparity, exem-
plified by Bratislava's GDP per capita substantially exceeding the national average.
Consequently, understanding internal migration is crucial for assessing regional co-
hesion (Michalek et al., 2018). Divergence remains the dominant Slovak regional
trend (Matlovi¢ et al., 2008; Michalek et al., 2018), which disintegrates spatial
equity and increases urban-rural inequality (Ondos et al., 2024). Spatial analysis re-
veals a contrast between internal decentralization and polarization toward key cen-
ters (Pregi and Novotny, 2025).

Movement is primarily driven by economic factors such as wage differences
and job availability (Levicky et al., 2024; Lichner et al., 2024; Jikia, 2025). How-
ever, not all movement aligns with human capital theory; certain demographic
groups cite non-economic motives like housing, family, and health, particularly in
Roma-populated municipalities (Balaz et al., 2023; Slavikova and Sprocha, 2023).
These migration trends significantly impact regional labor markets (Janotka et al.,
2014; Ondo$ and Kacerova, 2015), highlighting the need for a comprehensive
framework to analyze both traditional and emerging patterns (Michalek and
Podolak, 2011).

Previous studies have established a generalized West-East migration dichotomy
in Slovakia, where the West consistently gains population and the East consistently
loses. The key analytical challenge, however, lies in systematically quantifying flow
efficiency and mapping the persistence of multi-decadal clustering. This study add-
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resses this gap (Dlugosz, 2022; Pregi and Novotny, 2025) by employing a longitu-
dinal, spatially-explicit perspective. This approach allows for the explicit testing of
core-periphery divergence and cumulative causation models over time. This study
poses three core research questions: (1) How have internal migration intensity and
national clustering evolved, specifically in relation to major contemporary economic
cycles? (2) Which districts exhibited persistent attraction or repulsion across effi-
ciency indices over the two decades? (3) How do these persistent spatial patterns
validate regional growth models? Specifically, does the core-periphery structure
driven by cumulative causation hold true in this post-socialist environment? Based
on these questions and existing evidence, three research hypotheses are posited.

(H1) Core concentration

The Bratislava metropolitan region and its immediate suburban districts are ex-
pected to demonstrate persistently high-level clustering across all spatial efficiency
indices. This confirms their established role as concentrated hubs for economic
growth and intense suburban expansion.

Bratislava has been the primary driver of post-socialist transformation and rapid
economic growth (Korec and Ondos, 2009, 2021). This growth concentrates high-
value firms, including banking, business services, and trade (Smith, 1999). Migra-
tion patterns reflect this intense core concentration coupled with subsequent decen-
tralization (Novotny, 2016). Vigorous suburbanization in the hinterland, which at-
tracts younger immigrants, exhibits positive migration efficiency (Farkas and
Klobuénik, 2021). Zone formation in these areas is determined by factors such as
economic activity, education, and family status, rather than merely geographical dis-
tance (Sveda et al., 2016). Furthermore, large-scale infrastructure projects (e.g., mo-
torways) enhance accessibility, strengthening urbanism (Sveda and Barlik, 2018;
Sveda and Paziir, 2018; Duréek et al., 2020, Rusnak et al., 2023). This uneven de-
velopment and reliance on capital underpin the concentration along the key Bratis-
lava-Zilina corridor (Jacobs, 2017).

(H2) Peripheral decline

Eastern and specific peripheral Southern and Central Slovak districts are hypo-
thesized to exhibit persistent low-level clustering. This pattern reflects chronic struc-
tural economic deficits, leading to selective out-migration and subsequent demo-
graphic polarization.

While migration concentrates the population in metropolitan regions, peripheral
regions, particularly in the East, experience corresponding depletion (Novotny et al.,
2023). This decline stems from chronic, post-socialist structural economic deficits.
Specifically, periphery districts face significant economic disadvantage, weakening
their ability to retain residents (Horbulak et al., 2023). Historically, state socialist in-
tegration created branch plant economies, which struggled significantly after 1989
(Smith, 2000). This combination of old and new economic structures fuels regional
fragmentation and divergence (Smith, 1998). Consequently, these districts show
a persistent negative migration balance (Jikia, 2025), reflecting ongoing challenges
in economic diversification and the need for more targeted public support.
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(H3) Accelerated polarization

Migration dynamics are expected to show an intensification of spatial clustering
following the recovery period after the global financial crisis. Specifically, effi-
ciency metrics will exhibit a higher and more rapid concentration than the raw mi-
gration balance. This indicates an increasingly concentrated efficiency of attraction
in the core regions.

The period after the 2008 global financial crisis marked a pivotal economic and
spatial shift. While some EU regional clusters maintained stability, the post-crisis
environment entrenched neoliberal urbanism and austerity policies, which dispropor-
tionately shifted economic risks and favored spatial concentration. Core urban areas
reorganized, experiencing increased demographic heterogeneity and a population
shift from the cores to the rings, which intensified suburbanization and created nes-
ted urban business hierarchies. Regional resilience is demonstrably influenced by
stronger institutions and higher investment (Annoni et al., 2019), both of which are
concentrated in Slovak core regions. This localized economic vitality disproportion-
ately increases migration attraction efficiency. Therefore, the structural forces of cu-
mulative causation are amplified post-crisis, making the core more efficient at con-
verting economic opportunity into concentrated demographic gain — a trend best
captured by efficiency indices rather than gross numbers (Janoschka, 2020).

2 THEORETICAL FRAMEWORK

Neoclassical models, efficiency metrics, and structural divergence

The neoclassical model traditionally posits internal migration as an equilibra-
ting force, where labor moves from low-wage to high-wage regions, ultimately redu-
cing interregional inequality. While this view has limited empirical support (e.g.,
China, where reduced migration costs aided labor reallocation and benefited certain
regions and groups, Alvarez et al., 2021), the mechanism is highly context-depen-
dent. Many observed patterns directly contradict neoclassical predictions. For in-
stance, migration flows in regions like Serbia drive divergence, not convergence
(Gonzaélez et al., 2024), and internal emigration in Turkey often increases inequality
in sending areas (Bayraktar and Ozyilmaz, 2017). These contradictions highlight
how rigidities in housing and labor markets prevent migration from being a purely
equilibrating mechanism. A more nuanced theory suggests that equilibrium models
are better suited for short-distance movement, while disequilibrium models better
capture long-distance patterns (Biagi et al., 2011), with higher education signifi-
cantly reducing this friction of distance (Schwartz, 1973).

To accurately capture the impact of these structural forces, analysis must move
beyond simple net flows and employ spatial efficiency metrics (Newbold and
Peterson, 2001). These metrics are essential, given the substantial economic con-
sequences of high-skilled migration for regional growth and innovation (Faggian
and McCann, 2008; Faggian et al., 2017). The broader context for these dynamics is

160



informed by the theory of demographic revolution and modern spatial demography
(Raymer et al., 2018).

Migration efficiency serves as a core measure of regional demographic and eco-
nomic resilience (Schwartz, 1971). High efficiency signals a crucial capacity to con-
vert total mobility into a net demographic gain, which is vital for human capital ac-
cumulation and resilience across the urban—rural hierarchy (Crown et al., 2018; Gi-
annakis and Bruggeman, 2020; Feng et al., 2022; Rokita-Poskart et al., 2025). Con-
versely, high negative efficiency indicates a structural inability to retain population,
leading to chronic decline.

This focus on efficiency is necessary because migration frequently drives diver-
gence rather than convergence (Incaltarau et al., 2021), characterizing migrants as
differential contributors to regional development and sustainability. The attraction
efficiency metric further refines the analysis by using distance-weighting to isolate
aregion’s genuine “magnet effect” (Newbold and Peterson, 2001). For example,
a high attraction efficiency in the Bratislava core confirms its ability to overcome the
friction of distance and concentrate long-distance flows, reflecting its superior eco-
nomic status and robust social networks. Thus, calculating and mapping these effi-
ciency metrics offers a refined, nuanced understanding of how migration reinforces
or undermines regional development.

The dominance of cumulative causation and the backwash effect

The enduring regional dichotomy in Slovakia is best explained by Gunnar
Myrdal’s theory of cumulative causation, a structuralist model where an initial eco-
nomic advantage triggers self-reinforcing mechanisms that intensify disparities,
leading to non-equilibrium growth. This advantage is sustained by increasing re-
turns, urban clustering, and knowledge spillovers (McCombie and Thirlwall, 1994).
Structural shifts in high-tech industries are now often treated as an endogenous pro-
cess within this framework (Araujo, 2013; Magacho and McCombie, 2020). While
recent growth models emphasize spatial factors, micro-level firm heterogeneity, and
entrepreneurship, and some critique the theory as overly pessimistic, regional con-
vergence in Central and Eastern Europe remains weak (Monastiriotis, 2014).

In the Slovak context, cumulative causation operates primarily through the
backwash effect, which systematically drains the periphery, mirroring patterns ob-
served in Poland (Szczech-Pietkiewicz, 2017). This backwash encompasses multiple
channels, including the outflow of human capital, government income, and capital
(Gaile, 2010). Critically, it leads to the chronic outflow of young, educated residents
(Partridge et al., 2007), which weakens the local tax base, reduces entrepreneurship,
and accelerates demographic aging (Kollai, 2021).

The counter-mechanism, the spread effect — where core growth diffuses out-
wards — has been structurally insufficient to overcome pervasive backwash in Slo-
vakia. Although policies focused on growth poles and integrated systems can gener-
ate some spread (Petrakos et al., 2016; Santos-Paulino et al., 2019; Lim et al., 2025),
backwash often dominates (Barkley et al., 1996; Henry et al., 1997). This particu-
larly affects distant rural communities (Lehtonen et al., 2015), leading to growth in-
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versely related to smaller cities (Chen and Partridge, 2013) where the critical indus-
trial mass has not been widely achieved (Puga and Venables, 1996). Spread effects
are typically limited to immediately adjacent rural areas (Henry et al., 2001; Ke and
Feser, 2010).

Furthermore, the observed migratory streams are highly selective, dispropor-
tionately attracting the younger, working-age, and more educated populace to urban
centers (Lange, 2015). This results in a qualitative erosion of the peripheral labor
force, accelerated demographic aging (Maier and Franke, 2025), and reduced re-
gional innovation capacity (Gregory and Patuelli, 2015). This deepening demo-
graphic polarization represents a significant structural risk (Storper, 2018), mirroring
trends in regions like Eastern Germany (Herfert, 2007) and the Baltics (Lang et al.,
2021). The dynamic is further complicated by uneven international migration flows
(Williams, 2009), making the interpretation of these spatial patterns critical for evi-
dence-based policy formulation, even when political factors may occasionally over-
shadow demographic variables (Sundqvist, 2021).

Structuralist models, EU integration, and Slovak divergence

Post-socialist liberalization largely validates structuralist models over the neo-
classical view, confirming that internal migration drives regional divergence by ac-
celerating existing imbalances (Petrakos, 2001). This pattern is evident in Central
and Eastern Europe and manifests in Slovakia as intensifying East-West movement
and migration up the urban hierarchy (Novotny et al., 2023), rooted in historical sub-
regions and amplified by global production integration (Stan and Erne, 2014). The
critical outcome for sending regions is the deterioration of population and human
capital (Novotny, 2019), a process identifiable through spatial autocorrelation meth-
ods (Pregi and Novotny, 2025). While high-skilled migration can theoretically sti-
mulate local growth (Kubis and Schneider, 2016), the overall effect in many post-so-
cialist economies remains a modest net human capital loss (Kubis and Schneider,
2016).

The most significant structural shocks — post-1989 and subsequent EU integra-
tion — cemented these spatial disparities. These events concentrated foreign direct in-
vestment and high-value services primarily in Western Slovakia, establishing a per-
sistent migration magnet that contributed to Slovakia's high regional disparity (Pet-
rakos, 2001; Kriss et al., 2019). While national GDP growth accelerated post-acces-
sion, this external shock simultaneously exacerbated intraregional disparities and the
West-East gradient (Matlovi¢ et al., 2018; Camagni et al., 2020). This widening gap
negatively impacts overall economic growth, especially in new member states
(Pietak, 2024), suggesting that EU cohesion funding has limited success in effec-
tively addressing structural imbalances (Madanipour et al., 2021; Egri and Lengyel,
2024). The shock of external integration hastened the disintegration of spatial equity,
leading to pronounced divergence as knowledge-based activities consolidated in the
core (Ondos§ et al.,, 2024), establishing internal migration as both a direct con-
sequence and a self-reinforcing driver of regional polarization (Jordan, 2006).
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Internal migration in Slovakia is shaped by these converging theoretical forces.
The transition to a market economy initiated a new phase of migration characterized
by urbanization and suburbanization around economic centers (Bezak, 2000). Re-
search confirms these flows are primarily driven by classical socioeconomic factors
such as job opportunities and income disparities (Divinsky, 2009; Juréova, 2010).
This movement reflects a spatial transformation where suburbanization drives the
expansion of functional urban areas in Bratislava and Kogice (Sveda and Suska,
2019), often appealing due to housing and transport options (Kaka$ et al., 2017;
Brandén and Haandrikman, 2019). Crucially, this is a selective process (Sprocha,
2011), resulting in a brain drain from the periphery as skilled labor concentrates in
the core (Cermék, 2005; Sprocha et al., 2017). The resulting spatial polarization has
intensified over the past two decades (Bezak, 2006). Ultimately, substantial migra-
tion disparities are not solely explained by suburbanization; persistent deficiencies in
infrastructure, educational opportunities, and public services in the East play a key
role (Duréek et al., 2024), while post-industrial areas continue to grapple with urban
shrinkage (Bucek et al., 2022).

3 MATERIAL AND METHODS

The analysis utilizes internal migration flow data, specifically annual changes in
permanent residence, sourced from the Statistical Office of the Slovak Republic. The
study's geographical unit comprises all 79 administrative districts in Slovakia, cover-
ing the period from 2001 to 2024. To capture long-term structural trends and mini-
mize statistical noise, the data is processed using a symmetric 5-year moving win-
dow approach, which generates twenty overlapping windows (e.g., 2003-2007
through 2020-2024). For each window, annual immigration (I) and emigration (E)
flows are summed, and the population base (P) is taken as the mid-year value of the
central year. This longitudinal technique provides a smoothed, detailed view of how
spatial polarization has structurally evolved over two decades. The methodology for
assessing migration dynamics relies on three core indices:

GMBR = (1-E) /P x 1,000
MEI = (I-E)/(I+E) x 100
IAE=%d.(I-E)/=d.(I+E)x 100

The Gross Migration Balance Rate (GMBR) measures the simple net population
change relative to the population base. The Migration Efficiency Index (MEI)
assesses the effectiveness of migration by measuring net migration against the total
volume of movement, ranging from total outflow to total inflow, thus providing in-
sight into the flow’s productivity. The third is the Index of Attraction Efficiency
(IAE), arefined spatial indicator that incorporates distance friction to capture a re-
gion’s true capacity for centripetal attraction relative to centrifugal dispersal within
the national system.
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Longitudinal data summarizing migration trends across four central subperiods
in Table 1 confirms accelerating divergence. Specifically, the mean values for the
efficiency indices (MEI and IAE) become progressively more negative, indicating
a growing national net loss of residents over time. Simultaneously, the IAE’s stan-
dard deviation consistently increases, suggesting a growing spatial disparity in the
long-distance attraction capacity among regions.

Table 1 Evolution of Migration Indices (2003—-2022). Metrics are computed using a 5-year sym-
metric moving window, summarized in four subperiods

Min Max Mean SD
GMBR -63.6 131.5 -2.8 19.9
2003-2007 MEI -31.3 54.8 -3.8 14.9
IAE -52.6 64.4 -7.3 23.3
GMBR -60.1 153.9 -3.2 23.3
2008-2012 MEI -36.5 58.8 -6.2 15.8
IAE -55.0 69.9 -11.1 26.8
GMBR -61.3 158.7 -4.3 24.8
2013-2017 MEI -48.7 54.8 -9.0 171
IAE -66.8 68.9 -14.9 30.2
GMBR -44.8 153.5 -5.0 229
2018-2022 MEI -50.9 52.4 -9.6 17.5
IAE -68.4 68.3 -15.8 304

Source: Statistical Office of the Slovak Republic (2025)

Table 2 shows the distance profile, confirming the increasing relevance of long-
distance flows. While short-distance migration (0—49 km) slightly declines (from
64.8% to 62.4%), long-distance migration (200+ km) consistently increases, rising
from 6.7% to 9.1%. This trend reinforces the observed IAE disparity and under-
scores the growing influence of the national core.

Table 2 Distance Profile of Internal Migration Proportion (%). The proportion of internal migra-
tions is shown across specified distance bands in four subperiods of the observed time series

Distance (km) 2003-2007 2008-2012 2013-2017 2018-2022
0-49 64.8 63.3 62.5 62.4
50-99 16.3 15.9 15.5 15.4
100-199 12.2 13.0 13.2 13.1

200+ 6.7 7.9 8.8 9.1

Source: Statistical Office of the Slovak Republic (2025)
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Spatial autocorrelation and persistence mapping

Global Moran’s I is applied annually to GMBR, MEI, and IAE across all mov-
ing windows. This quantifies the overall degree of positive spatial autocorrelation,
confirming the existence of a highly structured core-periphery system where high
gains cluster with high gains, and high losses cluster with high losses. Local Indica-
tors of Spatial Association (LISA) then identify the specific geographic location and
cluster typology: areas of high gain with high-gain neighbors (High-High), areas of
chronic loss with loss-suffering neighbors (Low-Low), local centers with high gains
surrounded by low-loss neighbors (High-Low), and siphoning areas with local losses
adjacent to high-gain centers (Low-High). The final step involves creating a syn-
thetic categorical map to visualize persistence. A district is classified under a spe-
cific typology if it was assigned to that statistically significant cluster type (p < 0.05)
at least once across all twenty 5-year moving windows, for any of the three indices.
This strict criterion highlights only the most stable, structurally relevant migration
regimes over the two decades, serving as the empirical test for the core concentra-
tion and peripheral decline hypotheses.

4 RESULTS

Migration scale and economic cycles

The analysis reveals that while the overall scale of mobility remained structu-
rally stable, the intensity of spatial polarization accelerated following the post-crisis
economic recovery. Time series analysis of the internal movement scale (Table 3
and Figure 1) indicates that mobility levels remained generally robust over the entire
period, peaking slightly around the 2017-2018 moving window. A clear temporary
dip, corresponding to the global financial crisis of 2008-2010, is present. Specifi-
cally, the migration scale dropped from an index value of 81.0 to 79.6 during the
crisis period, suggesting a brief hesitation in large-scale residential shifts during
macro-economic uncertainty. However, the subsequent economic recovery saw
a quick stabilization and increase in the overall volume of internal movement, even-
tually reaching an index value of 86.7 by the 2018-2022 period. This stability in the
volume of internal movement suggests that while macro-economic fluctuations may
briefly temper movement, the fundamental, structural drivers of regional flow — the
vast economic disparity between the core and periphery — remained firmly in place,
sustaining a dynamic level of internal redistribution. The persistence of these under-
lying drivers is crucial to understanding the subsequent acceleration of spatial pola-
rization.
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Table 3 Spatial Autocorrelation and Migration Scale (2003-2022). Global Moran’s | for the
three migration indices and scale of internal migration (per 1,000 inhabitants) averaged in four
subperiods. All metrics quantified in a symmetric 5-year moving window

Migration Moran’s |

Scale GMBR ME| IAE
2003-2007 81.0 0.26 0.32 0.78
2008-2012 79.6 0.21 0.30 0.82
2013-2017 84.8 0.26 0.36 0.84
2018-2022 86.7 0.26 0.35 0.84

Source: Statistical Office of the Slovak Republic (2025)

== Migration Scale
GMBR

w= ME|
IAE

2000 2005 2010 2015 2020 2025 2030

Created with Datawrapper

Figure 1 Time Series of Internal Migration Scale and Global Moran’s . Internal
migration scaling per population, and the global Moran’s | for the three migration
indices (GMBR, MEI, and IAE), all across 2001-2024 using 5-year moving
symmetric windows and unifying scale 0—1. Source: Statistical Office of the
Slovak Republic (2025)
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Evolution of spatial polarization

The core finding confirms a highly structured core-periphery system. Analysis
of Global Moran’s I for all migration indices (GMBR, MEI, and IAE) demonstrates
strong, positive spatial autocorrelation throughout the entire observation period. All
calculated values are highly significant (p < 0.05), providing powerful evidence that
internal migration gains and losses in Slovakia are highly concentrated and geo-
graphically clustered.

The intensity of this spatial clustering evolved in direct response to macro-eco-
nomic conditions. Clustering strength for GMBR and MEI experienced a marked
temporary decrease during the 2008-2012 period. For instance, GMBR’s Global
Moran’s I dropped from 0.26 to 0.21. This deceleration reflected that economic un-
certainty inhibited long-distance, highly capital-intensive moves, such as suburban
housing acquisition. This temporary instability diminished the propensity for high-
risk, geographically distant moves. However, following the economic recovery post-
2012, polarization rapidly rebounded and intensified. All efficiency indices peaked
and reached their apex in the later periods (MEI peaked at 0.36 in 20132017, and
IAE stabilized at its highest point of 0.84). This pattern strongly validates the hypo-
thesis of accelerated polarization, which predicted a post-crisis acceleration of clus-
tering, particularly in the efficiency metrics (refer to Table 3 and Figure 1).

The most significant finding is the hierarchical clustering intensity among the
metrics: the distance-weighted IAE consistently exhibited the highest clustering
(peaking at 0.84), followed by the MEI (peaking at 0.36), both significantly higher
than the raw GMBR’s I-statistic (0.26). This structural difference demonstrates that
the geographical spatial structure of migration efficiency — the regional capacity to
effectively attract and retain population — is the most deeply entrenched and spatially
concentrated phenomenon in Slovak internal migration. The core's capacity to con-
vert population mobility into a net, long-term gain is far more geographically local-
ized than the sheer volume of movement itself. This strongly supports the theoretical
distinction between the gross volume of movement and the concentrated efficiency
of attraction.

The synthetic LISA analysis clearly defines Slovakia's persistent structural
core-periphery divide (Figure 2).

Persistent spatial clustering

The high-gain clusters (HH) that validate the core concentration hypothesis are
geographically precise and overwhelmingly concentrated in the Bratislava metropo-
litan region. This zone, encompassing the capital's districts and immediate peri-
urban districts (Malacky, Pezinok, Senec), acts as a persistent center of high migra-
tion gain. It leverages housing and quality of life to complement the capital's strong
employment and economic advantage, thereby reinforcing the cumulative causation
process.

Conversely, the chronic loss clusters (LL) confirm peripheral decline and reveal
the deep geographical extent of demographic loss, largely dominating Eastern Slo-
vakia. Persistent low-low clustering covers nearly all districts in the KoSice and
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Presov regions, alongside parts of the Banska Bystrica region. This pervasive pattern
signifies chronic net losses, structural economic lagging, and limited investment.
These regions function as the primary source areas for the national migratory stream
toward the core, demonstrating entrenched backwash effects.

b 4

O

BratislavalSSiNjitra)

LISA
HH EHH/LH [ HULL L

Map data: ZBGIS® - Created with Datawrapper

Figure 2 LISA Classification of Persistent Migration Regimes. Districts are catego-
rized based on statistically significant clustering (p < 0.05). A district is classified if
it appeared in the cluster type at least once over the observed period 2001-2024.
Source: GKU Bratislava — ZBGIS (2025); Statistical Office of the Slovak Republic

(2025)

Transitional and local zones (mixed clusters) highlight dynamic transition areas.
Siphoning zones (LH) suffer local net migration loss despite being adjacent to
powerful high-gain neighbors (e.g., Hlohovec, Myjava, and three Bratislava city dis-
tricts). They act as key source areas for the core, experiencing selective out-migra-
tion and residential displacement. Local Anchors (HL) represent local population
concentrators, experiencing high gains but surrounded by loss-suffering districts.
They are visible around Kosice-okolie and two peripheral regional centers (Kez-
marok, Sobrance). These are localized growth islands whose attraction force is in-
sufficient to generate sustainable spread effects capable of competing with the na-
tional core.

5 DISCUSSION

The synthesis of temporal and spatial results provides strong empirical valida-
tion for the theory of cumulative causation in shaping Slovakia's demographic land-
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scape. The strong and accelerating spatial concentration post-2012, particularly in
the efficiency metrics, confirms that regional growth is a self-reinforcing process of
divergence. The entrenched core-periphery structure is evident: the highly efficient
migration gains concentrated in the West deepen the region's human capital advan-
tage (Faggian et al., 2017). Conversely, the persistent, chronic loss status in the East
ensures that long-term backwash effects (Partridge et al., 2007; Kollai, 2021) con-
tinue largely unabated. The persistence of these structures over two decades demon-
strates that the core-periphery model is deeply ingrained in the country’s socio-eco-
nomic geography (Storper, 2018), decisively supporting the structuralist framework
over the neoclassical equilibrium model.

The persistent classification of Bratislava's suburban districts as areas of sus-
tained high gains underscores a crucial aspect of national migration dynamics. The
primary engine of national migration gain is not solely the dense city center but the
decentralized peri-urban housing market and infrastructure linked to the capital’s
vast employment density. This pattern is highly effective because it leverages the
capital area’s concentrated GDP and service economy (Smith, 2019; Korec and On-
dos§, 2021) while simultaneously providing better living conditions, notably housing
(Sveda et al., 2016; Farkas and Klobuénik, 2021). This appeal to housing is a major
driver of family migration (Feijten and Mulder, 2010) and directly contributes to the
country's extreme regional inequality (Kriss et al., 2019).

The persistently low efficiency values in the districts with chronic loss are
highly indicative of regional structural failure. These districts do not merely suffer
numerical population losses; they are fundamentally inefficient at mobilizing any
available internal migration flows for local benefit, reflecting a chronic imbalance
between high outflow and negligible inflow. This lack of efficiency points toward
a critical deficit in non-economic factors. While economic reasons (job scarcity) are
primary drivers of outflow (Levicky et al., 2024; Jikia, 2025), the inability to attract
even limited return or compensatory migration suggests deep deficiencies in re-
gional livability, such as the quality of public services, education infrastructure, or
institutional capacity (Duréek et al., 2024; Ondos et al., 2024). This persistent ineffi-
ciency locks these districts into a cycle of demographic decline and reinforces the ef-
fects of selective out-migration (Sprocha et al., 2017), which accelerates demo-
graphic aging and ensures long-term socio-economic vulnerability.

6 CONCLUSION

This study mapped the dynamics of internal migration in Slovakia from 2001 to
2024, providing decisive evidence for a deeply entrenched and accelerating core-
periphery structure. Analysis of migration rate, efficiency, and distance-weighted at-
traction decisively validates the cumulative causation theory in the post-socialist
context, firmly rejecting the neoclassical equilibrium model.

The findings confirm two distinct spatial regimes: core concentration, marked
by a persistent cluster in the Bratislava metropolitan region, functions as the domi-
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nant demographic engine with the highest attraction efficiency; and peripheral de-
cline, which validates chronic, large-scale structural loss via persistent clustering
across the Eastern and peripheral Northern districts, confirming the entrenched do-
minance of the backwash effect due to profound structural inefficiency. Temporal
analysis further confirmed accelerated polarization: the intensity of spatial cluster-
ing, particularly in the efficiency metrics, accelerated sharply post-2008, demon-
strating that macro-economic shocks amplify underlying structural divergence.

The key theoretical finding is that the spatial structure of migration efficiency is
the most concentrated phenomenon; thus, the qualitative capacity to attract and re-
tain human capital - rather than just raw movement volume - is the definitive factor
driving divergence. This process leads to the qualitative erosion of the labor force
and accelerated demographic aging in the peripheral loss clusters.

Ultimately, the two-decade persistence of these clustered structures signifies
that passive regional development policies are insufficient to counter these powerful,
self-reinforcing mechanisms. Moving forward, policy must be spatially targeted: this
includes managing the rapid peri-urban expansion of the core, prioritizing invest-
ment in diversified job creation and enhanced regional livability in the periphery,
and strengthening transitional regional hubs to function as sustainable counter-poles
to the national core.
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Kumulativna kauzalita a rychla divergencia: Posudenie efektivity
vnutornej migracie na Slovensku (2001 — 2024)

Suhrn

Tato studia predklada detailnt analyzu Casopriestorovej dynamiky a Strukturalnych
pricin polarizacie vnutornej migracie na Slovensku v rokoch 2001 az 2024. Hlav-
nym cielom bolo testovanie hypotézy kumulativnej kauzality a overenie, ¢i interna
migracia vedie k regionalnej konvergencii alebo divergencii. Analyza bola zalozena
na longitudinalnych udajoch z okresov, priCom boli pouzité symetrické 5-rocné
kizavé oknéa na zachytenie dlhodobych $trukturalnych trendov. Pre hodnotenie mi-
gracie boli pouzité tri ukazovatele: hruba miera migraéného salda (GMBR), index
migracnej efektivity (MEI) a priestorovo vazeny index efektivity pritazlivosti
(IAE).

V teoretickej Casti spochybiiujeme neoklasicky model konvergencie, ktory je v pod-
mienkach ekonomik so $trukturalnou nerovnovéhou empiricky neudrzatelny. Sta-
dia potvrdzuje dominanciu modelu kumulativnej kauzality, kde pociatocné
ekonomické vyhody generuji samoregulaéné mechanizmy prehlbujice regionalne
nerovnosti. Tento proces je realizovany prostrednictvom spétného prenosu, ktory
ma za nasledok chronicky odliv mladého a vzdelaného 'udského kapitalu z periférie
do ekonomickych centier. To oslabuje miestnu hospodarsku zakladiiu a urychl'uje
demografické starnutie. KIiCovy analyticky prinos spociva v aplikacii metrik mi-
gracnej efektivity, ktoré kvantifikuji schopnost’ regionu premenit’ celkovi mobilitu
na Cisty demograficky zisk a odrazaju tak redlnu $trukturalnu silu pritazlivosti.

Analyza potvrdila existenciu trvalého, vysoko efektivneho jadrového klastra, geo-
graficky vymedzeného na bratislavsky region a pril'ahlé okresy. Tato zona funguje
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ako kIicovy motor migracného systému, pricom jej vysoka efektivita je dana kon-
centraciou zamestnanosti s vysokou pridanou hodnotou, dynamickym trhom byva-
nia a nadstandardnou kvalitou Zivota. Tento region vykazuje najvyssiu efektivitu pri
ziskavani dial’kovej migracie.

Na opa¢nom konci spektra bol identifikovany rozsiahly periférny klaster chronic-
kych strat, pokryvajtci vychodné a Casti severného Slovenska (regiony Kosic, Pre-
Sova a Banskobystrického kraja). Tieto okresy netrpia len absolutnymi demografic-
kymi stratami, ale su Strukturdlne neefektivne — nedokazu mobilizovat’ migracné
zdroje na vlastny rozvoj. To indikuje chronicky deficit v kvalite verejnych sluzieb,
vzdelavania a inStitucionalnej kapacity, ¢im sa prehlbuje ich zranitelnost.

Zistenia ukazuju, Ze intenzita priestorovej polarizacie sa po roku 2012 vyrazne
zrychlila, pricom metriky efektivity dosiahli po globalnej finan¢nej krize vrcholné
hodnoty pozitivnej autokorelacie. Makroekonomicky Sok neviedol ku konvergencii,
ale amplifikoval uz existujice Strukturdlne nerovnovéahy, ¢im posilnil samoregulac-
ny mechanizmus divergencie a rastici podiel dial’kovej migracie.

Syntéza vysledkov poskytuje empiricktl podporu pre teoriu kumulativnej kauzality,
potvrdzujuc, ze vnitorna migracia na Slovensku je dominantne divergencény proces.
Priestorova Struktura migracnej efektivity, a nie hruby migra¢ny objem, predstavuje
jav s najSirsim dosahom. Kvalitativna schopnost’ regiénov pritahovat’ a udrzat’ si
Pudsky kapital je rozhodujiicim determinantom prehlbujicej sa divergencie. Dos-
ledkom je erdzia kvality pracovnej sily a zrychlené starnutie v periférnych oblas-
tiach. Dve desatrocia perzistencia tychto dynamickych Struktir poukazuju na ne-
ucinnost’ pasivnych regionalnych politik voci silnym endogénnym mechanizmom.
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	Internal migration drives regional economic restructuring and indicates change. Central and Eastern European (CEE) nations, like Slovakia, exhibit unique dynamics. Post-1989 reforms and EU integration fundamentally reshaped population mobility (Rowe and Patias, 2020). Unlike Western trends, CEE consistently shows po-pulation concentration (Rowe and Patias, 2020), which, combined with selective international emigration, creates demographic and socio-political challenges (Lim, 2022). Economic transformation has polarized activity, clustering investment, high-skills, and infrastructure. Migration both reflects and deepens this emerging core-periphery structure (Storper, 2018), accelerating regional divergence (e.g., Croatia's accelerating divergence, Borozan, 2017; Slovakia’s intensifying east-west movement, Novotný et al., 2023). Global patterns confirm this polarization. Determinants include path dependence, wages, economic scale, and education. Migration is also a vital labor market adjustment mechanism, generally being procyclical and strongly affected by labor conditions (Saks and Wozniak, 2007). It can mitigate up to a third of negative wage effects from economic shocks. Ultimately, movement intensity strongly correlates with national development indicators globally (Bell et al., 2015).
	Post-socialist dynamics and urban change
	The post-socialist transition triggered rapid and unexpected demographic processes (Bleha, 2019), fundamentally altering urban development and regional policy in Slovakia (Buček, 1999, 2016). This transition led to the emergence of a migration hierarchy characterized by spatial polarization. While some regions rely on innovation and external factors (Plešivčák and Buček, 2017), others experience mild urban shrinkage, a process often locally overlooked (Buček and Bleha, 2013). Addressing depopulation, particularly in former mining cities, necessitates improved intergo-vernmental support (Bleha and Buček, 2023). Regional differentiation fuels varied migration patterns, with major metropolitan areas showing spatially segregated suburbanization (Sýkora and Čermák, 1998; Kok and Kovács, 1999; Čermák et al., 2009; Krišjāne and Bērziņš, 2012). The age structure of migrants is a key indicator of different regional development stages.
	Slovakia is marked by significant intra-EU regional economic disparity, exemplified by Bratislava's GDP per capita substantially exceeding the national average. Consequently, understanding internal migration is crucial for assessing regional cohesion (Michálek et al., 2018). Divergence remains the dominant Slovak regional trend (Matlovič et al., 2008; Michálek et al., 2018), which disintegrates spatial equity and increases urban-rural inequality (Ondoš et al., 2024). Spatial analysis reveals a contrast between internal decentralization and polarization toward key centers (Pregi and Novotný, 2025).
	Movement is primarily driven by economic factors such as wage differences and job availability (Levický et al., 2024; Lichner et al., 2024; Jikia, 2025). However, not all movement aligns with human capital theory; certain demographic groups cite non-economic motives like housing, family, and health, particularly in Roma-populated municipalities (Baláž et al., 2023; Slavíková and Šprocha, 2023). These migration trends significantly impact regional labor markets (Janotka et al., 2014; Ondoš and Káčerová, 2015), highlighting the need for a comprehensive framework to analyze both traditional and emerging patterns (Michálek and Podolák, 2011).
	Previous studies have established a generalized West-East migration dichotomy in Slovakia, where the West consistently gains population and the East consistently loses. The key analytical challenge, however, lies in systematically quantifying flow efficiency and mapping the persistence of multi-decadal clustering. This study add-resses this gap (Długosz, 2022; Pregi and Novotný, 2025) by employing a longitu-dinal, spatially-explicit perspective. This approach allows for the explicit testing of core-periphery divergence and cumulative causation models over time. This study poses three core research questions: (1) How have internal migration intensity and national clustering evolved, specifically in relation to major contemporary economic cycles? (2) Which districts exhibited persistent attraction or repulsion across efficiency indices over the two decades? (3) How do these persistent spatial patterns validate regional growth models? Specifically, does the core-periphery structure driven by cumulative causation hold true in this post-socialist environment? Based on these questions and existing evidence, three research hypotheses are posited.
	(H1) Core concentration
	The Bratislava metropolitan region and its immediate suburban districts are expected to demonstrate persistently high-level clustering across all spatial efficiency indices. This confirms their established role as concentrated hubs for economic growth and intense suburban expansion.
	Bratislava has been the primary driver of post-socialist transformation and rapid economic growth (Korec and Ondoš, 2009, 2021). This growth concentrates high-value firms, including banking, business services, and trade (Smith, 1999). Migration patterns reflect this intense core concentration coupled with subsequent decen-tralization (Novotný, 2016). Vigorous suburbanization in the hinterland, which attracts younger immigrants, exhibits positive migration efficiency (Farkas and Klobučník, 2021). Zone formation in these areas is determined by factors such as economic activity, education, and family status, rather than merely geographical distance (Šveda et al., 2016). Furthermore, large-scale infrastructure projects (e.g., motorways) enhance accessibility, strengthening urbanism (Šveda and Barlík, 2018; Šveda and Pazúr, 2018; Ďurček et al., 2020, Rusnak et al., 2023). This uneven development and reliance on capital underpin the concentration along the key Bratislava-Žilina corridor (Jacobs, 2017).
	(H2) Peripheral decline
	Eastern and specific peripheral Southern and Central Slovak districts are hypothesized to exhibit persistent low-level clustering. This pattern reflects chronic structural economic deficits, leading to selective out-migration and subsequent demographic polarization.
	While migration concentrates the population in metropolitan regions, peripheral regions, particularly in the East, experience corresponding depletion (Novotný et al., 2023). This decline stems from chronic, post-socialist structural economic deficits. Specifically, periphery districts face significant economic disadvantage, weakening their ability to retain residents (Horbulák et al., 2023). Historically, state socialist integration created branch plant economies, which struggled significantly after 1989 (Smith, 2000). This combination of old and new economic structures fuels regional fragmentation and divergence (Smith, 1998). Consequently, these districts show a persistent negative migration balance (Jikia, 2025), reflecting ongoing challenges in economic diversification and the need for more targeted public support.
	(H3) Accelerated polarization
	Migration dynamics are expected to show an intensification of spatial clustering following the recovery period after the global financial crisis. Specifically, efficiency metrics will exhibit a higher and more rapid concentration than the raw migration balance. This indicates an increasingly concentrated efficiency of attraction in the core regions.
	The period after the 2008 global financial crisis marked a pivotal economic and spatial shift. While some EU regional clusters maintained stability, the post-crisis environment entrenched neoliberal urbanism and austerity policies, which disproportionately shifted economic risks and favored spatial concentration. Core urban areas reorganized, experiencing increased demographic heterogeneity and a population shift from the cores to the rings, which intensified suburbanization and created nested urban business hierarchies. Regional resilience is demonstrably influenced by stronger institutions and higher investment (Annoni et al., 2019), both of which are concentrated in Slovak core regions. This localized economic vitality disproportionately increases migration attraction efficiency. Therefore, the structural forces of cumulative causation are amplified post-crisis, making the core more efficient at converting economic opportunity into concentrated demographic gain – a trend best captured by efficiency indices rather than gross numbers (Janoschka, 2020).
	Neoclassical models, efficiency metrics, and structural divergence
	The neoclassical model traditionally posits internal migration as an equilibra-ting force, where labor moves from low-wage to high-wage regions, ultimately reducing interregional inequality. While this view has limited empirical support (e.g., China, where reduced migration costs aided labor reallocation and benefited certain regions and groups, Alvarez et al., 2021), the mechanism is highly context-depen-dent. Many observed patterns directly contradict neoclassical predictions. For instance, migration flows in regions like Serbia drive divergence, not convergence (González et al., 2024), and internal emigration in Turkey often increases inequality in sending areas (Bayraktar and Özyılmaz, 2017). These contradictions highlight how rigidities in housing and labor markets prevent migration from being a purely equilibrating mechanism. A more nuanced theory suggests that equilibrium models are better suited for short-distance movement, while disequilibrium models better capture long-distance patterns (Biagi et al., 2011), with higher education signifi-cantly reducing this friction of distance (Schwartz, 1973).
	To accurately capture the impact of these structural forces, analysis must move beyond simple net flows and employ spatial efficiency metrics (Newbold and Peterson, 2001). These metrics are essential, given the substantial economic consequences of high-skilled migration for regional growth and innovation (Faggian and McCann, 2008; Faggian et al., 2017). The broader context for these dynamics is informed by the theory of demographic revolution and modern spatial demography (Raymer et al., 2018).
	Migration efficiency serves as a core measure of regional demographic and economic resilience (Schwartz, 1971). High efficiency signals a crucial capacity to convert total mobility into a net demographic gain, which is vital for human capital accumulation and resilience across the urban–rural hierarchy (Crown et al., 2018; Giannakis and Bruggeman, 2020; Feng et al., 2022; Rokita-Poskart et al., 2025). Conversely, high negative efficiency indicates a structural inability to retain population, leading to chronic decline.
	This focus on efficiency is necessary because migration frequently drives divergence rather than convergence (Incaltarau et al., 2021), characterizing migrants as differential contributors to regional development and sustainability. The attraction efficiency metric further refines the analysis by using distance-weighting to isolate a region’s genuine “magnet effect” (Newbold and Peterson, 2001). For example, a high attraction efficiency in the Bratislava core confirms its ability to overcome the friction of distance and concentrate long-distance flows, reflecting its superior economic status and robust social networks. Thus, calculating and mapping these efficiency metrics offers a refined, nuanced understanding of how migration reinforces or undermines regional development.
	The dominance of cumulative causation and the backwash effect
	The enduring regional dichotomy in Slovakia is best explained by Gunnar Myrdal’s theory of cumulative causation, a structuralist model where an initial economic advantage triggers self-reinforcing mechanisms that intensify disparities, leading to non-equilibrium growth. This advantage is sustained by increasing returns, urban clustering, and knowledge spillovers (McCombie and Thirlwall, 1994). Structural shifts in high-tech industries are now often treated as an endogenous process within this framework (Araujo, 2013; Magacho and McCombie, 2020). While recent growth models emphasize spatial factors, micro-level firm heterogeneity, and entrepreneurship, and some critique the theory as overly pessimistic, regional convergence in Central and Eastern Europe remains weak (Monastiriotis, 2014).
	In the Slovak context, cumulative causation operates primarily through the backwash effect, which systematically drains the periphery, mirroring patterns observed in Poland (Szczech-Pietkiewicz, 2017). This backwash encompasses multiple channels, including the outflow of human capital, government income, and capital (Gaile, 2010). Critically, it leads to the chronic outflow of young, educated residents (Partridge et al., 2007), which weakens the local tax base, reduces entrepreneurship, and accelerates demographic aging (Kollai, 2021).
	The counter-mechanism, the spread effect – where core growth diffuses outwards – has been structurally insufficient to overcome pervasive backwash in Slo-vakia. Although policies focused on growth poles and integrated systems can generate some spread (Petrakos et al., 2016; Santos‐Paulino et al., 2019; Lim et al., 2025), backwash often dominates (Barkley et al., 1996; Henry et al., 1997). This particularly affects distant rural communities (Lehtonen et al., 2015), leading to growth inversely related to smaller cities (Chen and Partridge, 2013) where the critical industrial mass has not been widely achieved (Puga and Venables, 1996). Spread effects are typically limited to immediately adjacent rural areas (Henry et al., 2001; Ke and Feser, 2010).
	Furthermore, the observed migratory streams are highly selective, disproportionately attracting the younger, working-age, and more educated populace to urban centers (Lange, 2015). This results in a qualitative erosion of the peripheral labor force, accelerated demographic aging (Maier and Franke, 2025), and reduced regional innovation capacity (Gregory and Patuelli, 2015). This deepening demographic polarization represents a significant structural risk (Storper, 2018), mirroring trends in regions like Eastern Germany (Herfert, 2007) and the Baltics (Lang et al., 2021). The dynamic is further complicated by uneven international migration flows (Williams, 2009), making the interpretation of these spatial patterns critical for evi-dence-based policy formulation, even when political factors may occasionally overshadow demographic variables (Sundqvist, 2021).
	Structuralist models, EU integration, and Slovak divergence
	Post-socialist liberalization largely validates structuralist models over the neoclassical view, confirming that internal migration drives regional divergence by accelerating existing imbalances (Petrakos, 2001). This pattern is evident in Central and Eastern Europe and manifests in Slovakia as intensifying East-West movement and migration up the urban hierarchy (Novotný et al., 2023), rooted in historical sub-regions and amplified by global production integration (Stan and Erne, 2014). The critical outcome for sending regions is the deterioration of population and human capital (Novotný, 2019), a process identifiable through spatial autocorrelation methods (Pregi and Novotný, 2025). While high-skilled migration can theoretically sti-mulate local growth (Kubis and Schneider, 2016), the overall effect in many post-socialist economies remains a modest net human capital loss (Kubis and Schneider, 2016).
	The most significant structural shocks – post-1989 and subsequent EU integration – cemented these spatial disparities. These events concentrated foreign direct investment and high-value services primarily in Western Slovakia, establishing a persistent migration magnet that contributed to Slovakia's high regional disparity (Petrakos, 2001; Kriss et al., 2019). While national GDP growth accelerated post-accession, this external shock simultaneously exacerbated intraregional disparities and the West-East gradient (Matlovič et al., 2018; Camagni et al., 2020). This widening gap negatively impacts overall economic growth, especially in new member states (Pietak, 2024), suggesting that EU cohesion funding has limited success in effec-tively addressing structural imbalances (Madanipour et al., 2021; Egri and Lengyel, 2024). The shock of external integration hastened the disintegration of spatial equity, leading to pronounced divergence as knowledge-based activities consolidated in the core (Ondoš et al., 2024), establishing internal migration as both a direct consequence and a self-reinforcing driver of regional polarization (Jordan, 2006).
	Internal migration in Slovakia is shaped by these converging theoretical forces. The transition to a market economy initiated a new phase of migration characterized by urbanization and suburbanization around economic centers (Bezák, 2000). Research confirms these flows are primarily driven by classical socioeconomic factors such as job opportunities and income disparities (Divinský, 2009; Jurčová, 2010). This movement reflects a spatial transformation where suburbanization drives the expansion of functional urban areas in Bratislava and Košice (Šveda and Šuška, 2019), often appealing due to housing and transport options (Kakaš et al., 2017; Brandén and Haandrikman, 2019). Crucially, this is a selective process (Šprocha, 2011), resulting in a brain drain from the periphery as skilled labor concentrates in the core (Čermák, 2005; Šprocha et al., 2017). The resulting spatial polarization has intensified over the past two decades (Bezák, 2006). Ultimately, substantial migration disparities are not solely explained by suburbanization; persistent deficiencies in infrastructure, educational opportunities, and public services in the East play a key role (Ďurček et al., 2024), while post-industrial areas continue to grapple with urban shrinkage (Buček et al., 2022).
	The analysis utilizes internal migration flow data, specifically annual changes in permanent residence, sourced from the Statistical Office of the Slovak Republic. The study's geographical unit comprises all 79 administrative districts in Slovakia, covering the period from 2001 to 2024. To capture long-term structural trends and mini-mize statistical noise, the data is processed using a symmetric 5-year moving window approach, which generates twenty overlapping windows (e.g., 2003–2007 through 2020–2024). For each window, annual immigration (I) and emigration (E) flows are summed, and the population base (P) is taken as the mid-year value of the central year. This longitudinal technique provides a smoothed, detailed view of how spatial polarization has structurally evolved over two decades. The methodology for assessing migration dynamics relies on three core indices:
	GMBR = (I − E) / P × 1,000
	MEI = (I − E) / (I + E) × 100
	IAE = Σ d . (I − E) / Σ d . (I + E) × 100
	The Gross Migration Balance Rate (GMBR) measures the simple net population change relative to the population base. The Migration Efficiency Index (MEI) assesses the effectiveness of migration by measuring net migration against the total volume of movement, ranging from total outflow to total inflow, thus providing insight into the flow’s productivity. The third is the Index of Attraction Efficiency (IAE), a refined spatial indicator that incorporates distance friction to capture a region’s true capacity for centripetal attraction relative to centrifugal dispersal within the national system.
	Longitudinal data summarizing migration trends across four central subperiods in Table 1 confirms accelerating divergence. Specifically, the mean values for the efficiency indices (MEI and IAE) become progressively more negative, indicating a growing national net loss of residents over time. Simultaneously, the IAE’s stan-dard deviation consistently increases, suggesting a growing spatial disparity in the long-distance attraction capacity among regions.
	Table 1 Evolution of Migration Indices (2003–2022). Metrics are computed using a 5-year symmetric moving window, summarized in four subperiods
	Source: Statistical Office of the Slovak Republic (2025)
	Table 2 shows the distance profile, confirming the increasing relevance of long-distance flows. While short-distance migration (0–49 km) slightly declines (from 64.8% to 62.4%), long-distance migration (200+ km) consistently increases, rising from 6.7% to 9.1%. This trend reinforces the observed IAE disparity and underscores the growing influence of the national core.
	Table 2 Distance Profile of Internal Migration Proportion (%). The proportion of internal migrations is shown across specified distance bands in four subperiods of the observed time series
	Source: Statistical Office of the Slovak Republic (2025)
	Spatial autocorrelation and persistence mapping
	Global Moran’s I is applied annually to GMBR, MEI, and IAE across all moving windows. This quantifies the overall degree of positive spatial autocorrelation, confirming the existence of a highly structured core-periphery system where high gains cluster with high gains, and high losses cluster with high losses. Local Indica-tors of Spatial Association (LISA) then identify the specific geographic location and cluster typology: areas of high gain with high-gain neighbors (High-High), areas of chronic loss with loss-suffering neighbors (Low-Low), local centers with high gains surrounded by low-loss neighbors (High-Low), and siphoning areas with local losses adjacent to high-gain centers (Low-High). The final step involves creating a synthetic categorical map to visualize persistence. A district is classified under a specific typology if it was assigned to that statistically significant cluster type (p < 0.05) at least once across all twenty 5-year moving windows, for any of the three indices. This strict criterion highlights only the most stable, structurally relevant migration regimes over the two decades, serving as the empirical test for the core concentration and peripheral decline hypotheses.
	4 RESULTS
	Migration scale and economic cycles
	The analysis reveals that while the overall scale of mobility remained structu-rally stable, the intensity of spatial polarization accelerated following the post-crisis economic recovery. Time series analysis of the internal movement scale (Table 3 and Figure 1) indicates that mobility levels remained generally robust over the entire period, peaking slightly around the 2017–2018 moving window. A clear temporary dip, corresponding to the global financial crisis of 2008–2010, is present. Specifi-cally, the migration scale dropped from an index value of 81.0 to 79.6 during the crisis period, suggesting a brief hesitation in large-scale residential shifts during macro-economic uncertainty. However, the subsequent economic recovery saw a quick stabilization and increase in the overall volume of internal movement, eventually reaching an index value of 86.7 by the 2018–2022 period. This stability in the volume of internal movement suggests that while macro-economic fluctuations may briefly temper movement, the fundamental, structural drivers of regional flow – the vast economic disparity between the core and periphery – remained firmly in place, sustaining a dynamic level of internal redistribution. The persistence of these underlying drivers is crucial to understanding the subsequent acceleration of spatial pola-rization.
	Table 3 Spatial Autocorrelation and Migration Scale (2003–2022). Global Moran’s I for the three migration indices and scale of internal migration (per 1,000 inhabitants) averaged in four subperiods. All metrics quantified in a symmetric 5-year moving window
	Source: Statistical Office of the Slovak Republic (2025)
	Figure 1 Time Series of Internal Migration Scale and Global Moran’s I. Internal migration scaling per population, and the global Moran’s I for the three migration indices (GMBR, MEI, and IAE), all across 2001–2024 using 5-year moving symmetric windows and unifying scale 0–1. Source: Statistical Office of the Slovak Republic (2025)
	Evolution of spatial polarization
	The core finding confirms a highly structured core-periphery system. Analysis of Global Moran’s I for all migration indices (GMBR, MEI, and IAE) demonstrates strong, positive spatial autocorrelation throughout the entire observation period. All calculated values are highly significant (p < 0.05), providing powerful evidence that internal migration gains and losses in Slovakia are highly concentrated and geographically clustered.
	The intensity of this spatial clustering evolved in direct response to macro-economic conditions. Clustering strength for GMBR and MEI experienced a marked temporary decrease during the 2008–2012 period. For instance, GMBR’s Global Moran’s I dropped from 0.26 to 0.21. This deceleration reflected that economic uncertainty inhibited long-distance, highly capital-intensive moves, such as suburban housing acquisition. This temporary instability diminished the propensity for high-risk, geographically distant moves. However, following the economic recovery post-2012, polarization rapidly rebounded and intensified. All efficiency indices peaked and reached their apex in the later periods (MEI peaked at 0.36 in 2013–2017, and IAE stabilized at its highest point of 0.84). This pattern strongly validates the hypothesis of accelerated polarization, which predicted a post-crisis acceleration of clustering, particularly in the efficiency metrics (refer to Table 3 and Figure 1).
	The most significant finding is the hierarchical clustering intensity among the metrics: the distance-weighted IAE consistently exhibited the highest clustering (peaking at 0.84), followed by the MEI (peaking at 0.36), both significantly higher than the raw GMBR’s I-statistic (0.26). This structural difference demonstrates that the geographical spatial structure of migration efficiency – the regional capacity to effectively attract and retain population – is the most deeply entrenched and spatially concentrated phenomenon in Slovak internal migration. The core's capacity to convert population mobility into a net, long-term gain is far more geographically localized than the sheer volume of movement itself. This strongly supports the theoretical distinction between the gross volume of movement and the concentrated efficiency of attraction.
	The synthetic LISA analysis clearly defines Slovakia's persistent structural core-periphery divide (Figure 2).
	Persistent spatial clustering
	The high-gain clusters (HH) that validate the core concentration hypothesis are geographically precise and overwhelmingly concentrated in the Bratislava metropo-litan region. This zone, encompassing the capital's districts and immediate peri-urban districts (Malacky, Pezinok, Senec), acts as a persistent center of high migration gain. It leverages housing and quality of life to complement the capital's strong employment and economic advantage, thereby reinforcing the cumulative causation process.
	Conversely, the chronic loss clusters (LL) confirm peripheral decline and reveal the deep geographical extent of demographic loss, largely dominating Eastern Slo-vakia. Persistent low-low clustering covers nearly all districts in the Košice and Prešov regions, alongside parts of the Banská Bystrica region. This pervasive pattern signifies chronic net losses, structural economic lagging, and limited investment. These regions function as the primary source areas for the national migratory stream toward the core, demonstrating entrenched backwash effects.
	Figure 2 LISA Classification of Persistent Migration Regimes. Districts are catego-rized based on statistically significant clustering (p < 0.05). A district is classified if it appeared in the cluster type at least once over the observed period 2001–2024. Source: GKÚ Bratislava – ZBGIS (2025); Statistical Office of the Slovak Republic (2025)
	Transitional and local zones (mixed clusters) highlight dynamic transition areas. Siphoning zones (LH) suffer local net migration loss despite being adjacent to powerful high-gain neighbors (e.g., Hlohovec, Myjava, and three Bratislava city districts). They act as key source areas for the core, experiencing selective out-migration and residential displacement. Local Anchors (HL) represent local population concentrators, experiencing high gains but surrounded by loss-suffering districts. They are visible around Košice-okolie and two peripheral regional centers (Kežmarok, Sobrance). These are localized growth islands whose attraction force is insufficient to generate sustainable spread effects capable of competing with the national core.
	The synthesis of temporal and spatial results provides strong empirical validation for the theory of cumulative causation in shaping Slovakia's demographic landscape. The strong and accelerating spatial concentration post-2012, particularly in the efficiency metrics, confirms that regional growth is a self-reinforcing process of divergence. The entrenched core-periphery structure is evident: the highly efficient migration gains concentrated in the West deepen the region's human capital advan-tage (Faggian et al., 2017). Conversely, the persistent, chronic loss status in the East ensures that long-term backwash effects (Partridge et al., 2007; Kollai, 2021) continue largely unabated. The persistence of these structures over two decades demonstrates that the core-periphery model is deeply ingrained in the country’s socio-economic geography (Storper, 2018), decisively supporting the structuralist framework over the neoclassical equilibrium model.
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