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Abstract
Fielding's escalator region is an area that attracts young people and releases them during middle
age. This study extends this definition to an escalator system: a life-course division of labor
among complementary regional roles. Using harmonized register flows and 140 million
household movement records for 229 Korean municipalities (2006-2025), this study identifies
and validates six functional roles from age-specific schedules. Between 2006 and 2025, 105 of
the 228 regions changed roles; significant shifts moved toward lower-mobility roles, and
Seoul's escalator membership decreased by half. The escalator is positioned within a system,

and Korea's system is reorganizing toward lower mobility.

Keywords: internal migration; escalator region; life course; migration systems; functional

roles; South Korea

JEL classification: R23; J11; R12

1. Introduction

An escalator region is a fundamental concept in migration studies. Fielding's (1992) model
suggests that South East England functions as an escalator, where young adults relocating at
the beginning of their careers experience accelerated occupational advancement and

subsequently migrate during their middle years. This model has been extensively examined for



London and applied to several metropolitan areas across Europe, North America, and Asia (e.g.,
Andersson, 1996; Newbold & Brown, 2012; Zhao, 2023). Its relevance has been revisited in
recent studies (Champion & Gordon, 2019; Yu, 2022). Despite three decades of application,
the concept retains its original grammatical form; it characterizes only a single region. One
region is interpreted as an escalator, whereas the remainder of the migration system is an
undifferentiated background.

This study contends that an escalator should be understood as one role within a system of
complementary roles. An escalator cannot operate in isolation. It requires a source of young
adults to board, destinations for departing households, and regions that provide stability to the
system's core. If these roles exist, they should be measurable from age-specific migration
schedules and validated by the subsequent behavior of arriving cohorts. Crucially, regions
should be able to move between fixed roles over time. Otherwise, apparent changes may reflect
changing role definitions rather than genuine system reconfigurations. We call this framework
the life-course division of labor, and its measurement, validation, and observed transformation
in South Korea from 2006 to 2025 constitute the core of this study.

Evaluating this framework requires a setting that combines complete migration registers with
rapid demographic changes. Korea provides such a setting: a highly centralized urban system,
one of the most rapid demographic declines among developed nations, and Sejong, a planned
capital founded in 2012 whose entire migration cycle falls within the study period (Abel &
Heo, 2018; Lee & Kim, 2025). The administrative records are exceptionally comprehensive,
providing complete origin—destination flows by age for over two decades and detailed
household migration data with single-year age specifics for 25 years. While escalator studies
typically rely on linked census and panel samples (Champion, 2012; Champion & Gordon,
2019), these records permit population-scale analysis over 25 years—crucial for life-course

questions.



This study investigates two research questions linked by a validation requirement. RQ1
(existence): Does Korea's internal migration system divide labor among functional roles
defined by age-specific migration schedules? Validation: Are these roles merely cross-
sectional artifacts, or do arriving cohorts subsequently exit? RQ2 (reconfiguration): Has the
allocation of regions to roles shifted between 2006 and 2025 and, if so, how? The sequence is
essential: The validation step is not an independent research question but a prerequisite for
RQ1's answer to possess longitudinal significance, and the measurement design maintains fixed
role definitions to ensure that reconfiguration is distinguishable from redefinition.

This study makes three main contributions to the literature. Conceptually, the escalator region
was broadened to encompass the escalator system. The escalator is recast in relational terms as
a limited set of complementary life-course roles that a national migration system distributes
across regions. Methodologically, the study converted the escalator metaphor into a
quantifiable and longitudinally validated framework: roles are measured from age-specific
migration schedules against a constant reference space. Their longitudinal content was verified
at the population level through a diagonal cohort design involving 140 million household
records. This design can be replicated by country using age-disaggregated register data. This
study identified a system-wide transition consistently shifting from roles characterized by high
mobility to those with lower mobility, halving the strength of the original escalator geography.
This finding is directly pertinent to discussions on the decline of the escalator concept
(Champion & Gordon, 2019) and reduction in internal migration in developed countries

(Champion et al., 2017).

2. Theoretical Background
2.1 Age and the life course in internal migration

Age is the most regular dimension of migration behavior (Bernard et al., 2014; Rogers & Castro,



1981). Ravenstein’s (1885) laws noted that migrants are predominantly adults, an observation
later formalized by Rogers and Castro (1981) in the model migration schedule. This model
delineates a peak in migration during young adulthood, reflects parental relocations during
childhood, and, in some systems, indicates an increase in migration at retirement age. This
regularity holds true across countries and decades (Bernard et al., 2014, 2017). The life-course
literature explains this consistency: migration accompanies major life events—completing
education, entering the workforce, family formation, and retirement—so the age schedule
mirrors an institutionalized sequence of life events (Bernard et al., 2014). Cross-national
variation in the young-adult peak reflects the timing of adulthood transitions more than the
propensity to move (Bernard et al., 2016). Specific transitions map onto distinct schedule
components from education peaks (Wilson, 2010, 2014) to retirement moves (Sander & Bell,
2013). Schedule shape and migration intensity vary independently across countries and are
distinct aspects of migration regimes (Bell et al., 2015).

However, the geographical implications of these regularities have received far less attention.
Migration during specific life stages results in regions that differ in attraction, retention, and
release stages. University areas, commuter towns, and established industrial cities may show
similar volumes, but distinct age patterns. Thus, the geographical dimension of life-course
regularity lies in its demographic function, not in its magnitude. Plane et al. (2005) approached
this concept by illustrating that movements within the U.S. urban hierarchy are organized by
life stage: individuals ascend the hierarchy in early adulthood and descend later. However, their
study regarded age selectivity as a feature of flows between size categories rather than the
regions themselves. A shift in interpretative focus is necessary; if the age schedule signifies the
demographic signature of life course transitions, then consistent differences in regional
schedules indicate consistent differences in the roles that regions play within a national

migration framework. We term these functional roles complementary life-course functions that



regions collectively employ to manage the redistribution of a national population. This is
distinct from the functional region concept in commuting studies, which pertains to a spatial
unit defined by interaction intensity (e.g., Coombes et al., 1986). To date, research has
predominantly focused on a single role, typically analyzing one region at a time (Champion et

al., 2013; Fielding, 1992).

2.2 The escalator region

Fielding (1992) characterized the age dynamics in South East England as analogous to an
escalator: young adults initiate their careers by relocating to the region, experience above-
average occupational progression, and subsequently depart from middle age (see also Fielding,
1993). Metaphors link spatial and social mobility through entry, advancement, and exit.
Subsequent research expanded this concept in three ways. The first examines the components
of the exit and return phases (Champion, 2012; Findlay et al., 2008) and occupational ascent
(Gordon et al., 2015; McCollum et al., 2018; Reuschke, 2013). The second applies the concept
to various contexts, including Sweden (Andersson, 1996), Toronto (Newbold & Brown, 2012),
secondary cities in England (Champion et al., 2013), international migrants in London (King
et al.,, 2017), major Chinese cities (Zhang & Wang, 2025; Zhao, 2023), and Australia’s
Northern Territory (Martel et al., 2013), showing that the escalator is a portable interpretive
tool. The third examines its continuity, questioning whether London’s escalator remains
effective (Champion & Gordon, 2019) and its applicability to millennials (Yu, 2022),
underscored by the evidence of declining internal migration in many developed countries
(Alvarez et al., 2021; Champion et al., 2017; Cooke, 2013; Molloy et al., 2011).

Despite this broad empirical development, two aspects of the original concept remain. The first
concerns the unit of analysis. Since the initial study, the escalator has been treated as a feature

of a single candidate region (Fielding, 1992). Comparative studies have individually evaluated



secondary cities against London (Champion et al., 2013), leaving regions that supply young
entrants and receive mid-life leavers as undifferentiated external areas. The second pertains to
validation; the escalator's core claim is longitudinal—the same individuals who enter later exit
(Fielding, 1992). However, the evidence relies on linked census and panel samples that are
small relative to the populations involved (Champion, 2012; Champion & Gordon, 2019), or
on repeated cross-sections that cannot substantiate a cohort claim. Consequently, the complete
entering-advancing-exiting sequence has seldom been demonstrated at the population level.
These two constraints delineate the measurement and validation challenges that the system-

level reformulations must address.

2.3 Migration systems

Mabogunje (1970) initially proposed the notion of migration flow from interconnected systems.
He viewed rural to urban migration as origins and destinations linked by people and
information and altered through feedback. Subsequent work, largely on international migration,
emphasized organized exchanges sustained through networks (Fawcett, 1989; Massey et al.,
1993) and development feedback at origins (de Haas, 2010). The fundamental principle is that
no location can be comprehensively understood in isolation and each location is defined by its
role within a broader system.

In the study of internal migration, the systems perspective has been adopted more often in
terminology than in analytical design; national systems are often labelled as such while being
examined in one region, one corridor, or one net-flow map at a time, even in studies that
quantify entire flow matrices (Abel & Sander, 2014) or document national redistribution (Fan,
2005). A recent trend in network analysis emphasizes the entire structure, identifying
communities and hubs and their development from national flow matrices in Croatia (Pitoski

et al., 2021), Turkey (Giirsoy & Badur, 2022), China (Wu & Liu, 2022), Italy (Sarra et al.,



2025), and the United States (Xu et al., 2025) using tensor partitioning (Almquist et al., 2024).
These analyses define positions by connectivity—who exchanges with whom and how
intensely—while an age schedule captures what exchanges do; which life stages a region
absorbs and releases. These two dimensions are analytically distinct; regions with similar
network positions may fulfil different, even contrasting, life-course roles, and the same role
can be fulfilled in disparate parts of the network. Consequently, a national migration system
has a relational structure defined by the topology of exchanges and a functional structure
defined by age-specific roles. While the former has been measured with increasing precision,
the latter remains largely unaddressed at the national level. Thus, the tool required
complements the network description, defining the system’s components by life-course

function rather than exchange intensity.

2.4 A life-course division of labor: framework and research gap

This study posits that a national internal migration system can be conceptualized as a life-
course division of labor between regions. Migration assigns distinct life course roles to
different locations, and the interaction of these roles constituting the system. This perspective
expands the foundational view of regional science from focusing solely on production to
including population dynamics. Historically, cities have been analyzed as components of larger
systems of cities (Berry, 1964), where specialization is based on function rather than merely a
sector (Duranton & Puga, 2005). While the spatial division of labor in production is a well-
established concept, its demographic counterpart has been vaguely described as regions
exporting and importing young people or as life-stage flows organized by hierarchy (Plane et
al., 2005). The three studies reviewed earlier each supply one element: life-course research as
the signature, escalator literature as the archetypal role, and systems traditions as the relational

framework. Previous studies have addressed each of these elements separately; however, their



integration remains limited.

Addressing this gap requires a framework rather than an empirical study. This framework is
based on the following three requirements. First, age-specific migration schedules are used as
indicators of regional functions. Second, the role structure is established once and held fixed
so that changes over time reflect regional shifts between roles, rather than roles being redefined.
Third, roles’ longitudinal significance is confirmed using independent cohort data rather than
the cross-sectional data that generated them. The separation of measurement, validation, and
reconfiguration is the core design principle of this study.

The data requirements, comprehensive age-disaggregated flow matrices over decades, along
with event-level microdata for independent cohort tracking, explain why this framework has
not been previously implemented. Currently, only countries with full registers are beginning to
provide both (Lichner et al., 2024). South Korea fulfils both requirements; complete age-
disaggregated flows for all municipalities over 25 years plus single-age household microdata
(Section 3). The rapid sequence of urbanization, planned new-town and capital development,
and demographic decline makes functional differentiation particularly clear. Korean research
has extensively documented the system’s concentration and evolving flows (Abel & Heo, 2018;
Kim et al., 2024; Lee & Kim, 2025; Lee et al., 2025), but its role structure has not been
measured there or, to the best of our knowledge, anywhere else. Consequently, the research
questions align with the framework’s logic in a fixed sequence: existence (RQ1), validation as
the condition under which existence holds longitudinal significance, and reconfiguration (RQ?2)

from the system’s structure to its meaning to its transformation.

3. Data and Methods
The analytical framework is illustrated in Figure 1. It aligns the three register sources to a

consistent geographical scope, develops migration schedules, and evaluates them against a role



space that is calibrated once. The resulting memberships enable the analyses of existence and

reconfiguration, whereas single-age microdata provide independent longitudinal validation.

Measurement pathway Validation pathway
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Figure 1. Analytical design: from population registers to role measurement,
longitudinal validation, and reconfiguration.
Note: OD = origin—destination; MDIS = household microdata of the Domestic Migration

Statistics, used only for validation.

3.1 Data sources and harmonization
The three complementary register-based sources are integrated in Table 1. First, origin—
destination migration registers offer comprehensive counts of intermunicipal residential moves

for 229 municipalities, categorized by eight ten-year age groups, annually from 2006 to 2025.



Residential registration is mandatory, and these are population-wide administrative records

(Statistics Korea, 2024). Second, annual resident registration statistics provide single-year-of-

age population counts (year-end, 2008-2025) aggregated into the same age groups as the

denominators for rate calculations. Consequently, rate-based analyses cover 2008-2025,

whereas flow-based analyses utilize the entire period. Third, the household-level microdata of

the Domestic Migration Statistics (MDIS, 2001-2025; approximately 140 million movement

records with a single year of age for each household member) are employed solely for

longitudinal validation and did not contribute to role estimation. The earlier starting year

relative to the flow panel extends the range of arrival—exit lags observable in cohort validation.

Table 1. Data sources.

Source Official statistic |[Period Resolution Function

OD register flows [Domestic 2006-2025 229 municipalities [Numerator: age-
Migration x 8 age bands, specific
Statistics annual in/outflows
(aggregated OD
tables)

Register Resident 2008-2025 (year- [Single year of age [Denominator:

population Registration end) X municipality population at risk
Population

MDIS microdata |[Domestic 2001-2025 Move-level Longitudinal
Migration records; single age [validation;
Statistics & sex of all processing cross-
(household members check

microdata)




Note: MDIS = household microdata of the Domestic Migration Statistics; rate-based analyses
cover 2008-2025 (single-age denominators begin in 2008); microdata used only for

validation. Source: Statistics Korea.

Boundary changes—83 superseded codes across ten event types—were standardized to a
consistent 229-region geography using many-to-one correspondence rules. In the transition
years, both code sets were aggregated to preserve flow totals. Sejong, founded as a planned
administrative capital in 2012, entered the panel that year. The harmonized panel was verified
by reconstructing the aggregated tables from the MDIS microdata, matching all 36,592 region—
year—age cells. Two changes in registration coverage (2010 and 2015) adjusted the national
denominators by +1.5% and +0.4%, respectively, and are highlighted where relevant.
Appendix Al provides details of the correspondence table and verification process. Annual
inter-municipal migration ranged from 5.70 million (2006) to 3.97 million (2023); people in
their twenties and thirties averaged 46.6% of all moves. The analysis panel included 4,118

region—year schedule observations, with annual totals by year detailed in Appendix Table Al.

3.2 Construction of migration schedules

Each region—year observation is a sixteen-dimensional migration schedule: for each of eight
age bands, the net migration rate (I-O)/P and the turnover rate (I+O)/P. Here, I and O denote
the inflows and outflows across municipal borders, respectively, while P represents the

population at risk. This schedule is expressed as follows:

Sie. = [Me(D), -, e (8), 73 (1), ., T3 (B) 17

lita = Oita

lita + O;
mr(a) = S, p(a) = = (D)
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Net rates capture the directional balance of movement at each age, whereas turnover rates
capture their volume, irrespective of direction. This separates regions with similar net balances
but different volumes; high-traffic escalator versus a low-mobility residential area (Bell et al.,
2015; Fielding, 1992). The pair constitutes an invertible transformation of the in-rate/out-rate
pair and is preferred because of the high collinearity of age-specific in- and out-rates across
regions. Thus, the clustering of the untransformed pair primarily highlights overall mobility
levels rather than directional roles (see Appendix A2). Therefore, the transformation changes
the representation of the schedules and not their information content. The term "schedule" is
used descriptively, as the parametric model by Rogers and Castro (1981) necessitates more
detailed age data than the eight ten-year groups provide (Yeung et al., 2023) and is thus not

employed in the main analysis.

3.3 Measuring functional roles

Functional roles were identified using a Gaussian mixture model following a model-based
clustering methodology (Fraley & Raftery, 2002; McLachlan & Peel, 2000). Clustering itself
was not the objective; the fitted mixture served as the measurement instrument. The estimated
role space was calibrated once and then fixed such that every region-year observation could be
evaluated against the same reference. The calibration process employed the 229 period-average

schedules si, standardized by dimension, with diagonal component covariances:

f(3) = Ykoime N(S; e, Zx), 2y diagonal — (2)

As annual observations from the same region are serially dependent, calibrating period

averages avoids pseudo-replication and yields components that represent enduring profiles



rather than short-term fluctuations. The number of components K was determined using a
predefined protocol that integrated the bootstrap stability of the partition, a minimum
component size of ten regions, and consistency with the archetypal schedule shapes identified
in a pre-specified design-stage audit. The information criteria are provided alongside the
diagnostics in Appendix A3. The calibrated role space then remained fixed, and the potential

drift in role definitions was examined as a robustness issue (Section 3.7).

3.4 Membership scoring
All annual observations were scored in the fixed role space. Because single-year observations
fluctuate more than the period averages, the scoring covariances add a within-region

interannual variance component W, and the posterior membership follows the Bayes’ rule:

_ T N(Si b Zr + W)

where W is a diagonal covariance matrix whose entries are the across-region averages of the
within-region variances of the annual standardized schedules around their period means.
Without W, the posteriors would concentrate artificially near zero or one, destabilizing the
yearly assignments. Corrected memberships are interpreted as continuous indicators of role
affiliation; discrete (modal) assignments, the role with the highest average corrected
membership over a period, are used only for categorical summaries, such as maps and transition

matrices.

3.5 Longitudinal validation
The longitudinal contents of these roles were evaluated independently using single-age

microdata. The validation employed a diagonal cohort design, reflecting the concept of the



cohort as a driver of social change (Glenn, 2005; Ryder, 1965). In this context, x(i,t,a)
represents the net inflow for region i at a specific age in year t, adjusted by the region's mean
annual gross flow (removing scale differences) and normalized within the region (removing
fixed regional attractiveness). The diagonal correlation connects x(i,t,a) with x(i,t+k,a+k),
tracking the same birth cohort k years later. The placebo correlation links x(i,t,a) with x(i,t+k,a),
maintaining the same region, lag, and age but involving a different cohort. Both terms
incorporate common regional conditions identically, so their differences highlight cohort-

specific behavior.

A(a, k) = corr[x(i,t,a),x(i,t+k,a+ k)] — corr[x(i,t,a),x(i,t +k,a)] (4)

The escalator prediction is selective by age: A is expected to be negative at ages corresponding
to labor-market entry—cohorts that arrive in excess subsequently leave in excess, reversing the
sign of their later net flows—and neutral at settlement ages. Inference was conducted using a
regional-level cluster bootstrap (B = 400), and regions with mean annual gross flows of less

than 500 persons were excluded to minimize noise from small denominators.

3.6 Role reconfiguration

To mitigate snapshot uncertainty, reconfiguration was examined over the full annual
membership trajectories of 2008—2025, rather than endpoint classifications alone. Transition
matrices, which employed the modal roles defined in Section 3.4, encapsulated the shifts
between the initial period (2008-2011) and final period (2022-2025). The significance of these
changes was assessed through within-region permutation tests (B = 1,000), which randomized
the sequence of years while preserving each region's marginal membership distribution,

thereby eliminating the temporal ordering. The null hypothesis is that observed transitions



reflect only window noise under a random ordering of years. Cell-level results were adjusted
using the Benjamini—Hochberg false discovery rate (Benjamini & Hochberg, 1995) and a
directional statistic, the number of regions moving into low-mobility roles (specified in Table

3) minus the number moving out, was tested against the same null hypothesis.

3.7 Robustness and reproducibility

Robustness analyses were conducted to exclude alternative explanations. First, to test whether
the observed change reflects shifting role definitions rather than shifting assignments, the
model was recalibrated on sub-periods (Appendix A2). Second, to test the dependence on
measurement choices, the roles were re-estimated in the untransformed [in-rate, out-rate]
representation of Section 3.2, with a scale-free net-to-turnover specification, intra-municipality
moves included, alternative denominators, alternative values of K, and k-means instead of the
mixture model (Appendices A2—A3). Third, to test whether the roles merely reproduced the
spatial structure, role partitioning was compared to connectivity-based clustering (Appendix

A4.2). All analyses were derived from a single fixed specification using seeded estimations.

4. Results

4.1 Six functional roles

The selection protocol identified six functional roles (Figure 2). Within the stability plateau of
five to eight components, the six-component solution was the only solution that satisfied all
three predefined criteria: the five-component solution merged the landing zone and reception
profiles, larger solutions added outlier components below the minimum size, and the
information criteria decreased monotonically without an internal optimum (Section 3.3; full
diagnostics in Appendix A3).

Figure 2 shows the calibrated schedules, and Table 2 details the composition. The three roles



were characterized by net population gain, each operating at a different life-course stage. The
escalator role exhibited net gains during teenage and young adult years, followed by net losses
after approximately age thirty, with the second highest turnover in the system. Its 17
municipalities comprise 12 central and Han River districts of Seoul and the historic cores of
Busan and Daegu. The landing-zone role (27 municipalities) showed net gains at all ages,
peaking in the thirties, was concentrated in the metropolitan new town belt, and expanded to
industrial municipalities such as Asan and Yangsan. The high turnover reception role (17
municipalities) combined the highest turnover in the system with mid-life net gains. Its
members include planned administrative settlements (Sejong, Gyeryong, Gwacheon, Wanju,
and Muan) and island and military service counties where institutional rotation produces
similar schedules. The other three roles are characterized by population release or low mobility.
The supplier—return role (69 mainly rural municipalities) lost approximately 6.1% of its
population in their twenties annually while regaining residents aged 50 and above. The gradual
outflow (56 municipalities) spanned mature residential districts on Seoul's outskirts and
metropolitan cities, with minor net losses throughout adulthood. The low-mobility anchor role
(43 municipalities) included self-contained regional centers such as Cheongju, Changwon, and
Pohang, with the lowest turnover in the system and losses limited to those in their twenties.

These two roles encompassed 125 of the 229 municipalities.



(a) Escalator (n = 17, turnover 194%) (b) Landing zone (n = 27, turnover 153%) {c) High-turnover reception (n = 17, turnover 222%)

25 2.0 4
- 2.0 1.5
g
2
©
= 1.5 4 1.0 4
c
k=]
=1
&
H 1.0 4 0.5 4
=
7}
=
059 0.0
T T T T T T T T 0.0 = T T T T T T T T
(d) Supplier-return (n = 69, turnover 154%) {e) Gradual outflow (n = 56, turnover 146%) (f) Low-mobility anchor (n = 43, turnover 106%)
P 0.0 7
0.5 1
14 =0.2 4
0.0 4
= 0 —0.4 4
B -0.5 -
£ -1+ —0.6
i
b= -1.0
S 2 -0 1
i ~1.5 -
'E' -3 ~1.0 A
D -4 -2.0
= -1.2 4
-5 -2.5
-1.4 4
-6 -3.0 4
T T T T T T T T -1.6 T T T T T T T T T T T T T T T T
=9 10s 20s 30s 40s 50s 60s 70+ =9 10s 20s 30s 40s 50s 60s 70+ =9 10s 20s 30s 40s 50s 60s 70+
Age band Age band Age band

BN Netgain BN Net loss

Figure 2. Six functional roles: calibrated age-specific migration schedules (period
means, 2008-2025).
Note: Age-specific net migration rates (percent of population at risk); blue = net gain,
vermilion = net loss; panel headings indicate member count and age-summed turnover.

Source: Authors’ calculations from Statistics Korea registers.

Table 2. Functional roles: composition and profile summary.

Role n Profile signature Marker regions Mean
membership
Escalator 17  |Net gains at 10s—20s; losses at  |(Gwanak, Gangnam; 0.82
30+; turnover 194% Busan/Daegu cores
Landing zone 27  |Net gains at all ages, peak 30s  [Hwaseong; new-town belt [0.58

High-turnover 17  Mid-life gains; turnover 222%  [Sejong; planned & special 0.71

reception territories

Supplier—return |69  20s —6.1%; 50—60s return Uiseong; rural counties  [0.81




Gradual outflow |56  [Weak losses at all ages Nowon; mature suburbs |0.71

Low-mobility 43 |Only 20s leave; turnover 106%  |[Cheongju, Changwon, 0.87

anchor Pohang

Note: n = municipalities under modal assignment; turnover = age-summed gross migration
relative to population (period mean); and mean membership = average corrected membership

in the assigned role. Source: Authors’ calculations.

Figure 3 maps the modal assignments: escalators in metropolitan centers; landing zones and
reception areas around the capital and planned communities; supplier—return municipalities in
rural regions; and gradual outflow and anchor roles in mature suburbs and established regional
cities. The roles were persistent; decade-separated average schedules were correlated at r =
0.89. Similar structures were identified using various specifications and algorithms (Appendix

A2).



Il Escalator [J Supplier-return
B Landing zone I Gradual outflow
Il High-turnover reception [ Low-mobility anchor

Figure 3. Spatial distribution of modal role assignments, 2008—2025 average.
Note: Modal role = highest average corrected membership, 2008—-2025 (Sejong: 2012-2025).
Escalator-like assignments in island and border counties reflect institutional rotation rather

than labor market migration. Source: Authors’ calculations.

Nevertheless, the posterior membership probabilities revealed a substantial boundary structure.
The average maximum membership was 0.76, with 51 municipalities (22%) exhibiting a
maximum membership below 0.60 and indicating gradual transitions between neighboring
roles rather than distinct clusters, which motivates the use of membership probabilities rather
than discrete labels in the analyses (Appendix A4). In summary, six stable roles that vary

systematically in the direction and intensity of age-specific migration frame the validation and



reconfiguration analyses.

4.2 Longitudinal validation

Longitudinal validity was evaluated using the diagonal cohort design described in Section 3.5.
We first asked whether aggregate methods could replicate cohort dynamics. Lagged
correlations from age-band net migration declined over five- to seven-year horizons for nearly
all age pairings, including placebo pairings with no cohort mechanism, such as inflows over
60 against later outflows in the thirties (Appendix AS5), so aggregate lagged correlations mainly
register common regional cycles rather than cohort behavior. In the diagonal analysis of single-
age microdata (Figure 4), the same-cohort correlation for arrival ages 25 and 28 was
significantly more negative than the same-age placebo at every horizon: A(a,k) ranged from
—0.09 to —0.15 over follow-ups of 3, 5, 7, and 10 years, with all eight region-cluster bootstrap
intervals excluding zero (Table AS5), matching the predicted sign. Across the full arrival age
grid at the five-year horizon, the cohort effect was confined to a narrow segment of the life
course (Figure AS). Differences were significantly negative for arrival ages 23—-30, peaking at
26-27 (A = —0.22 and —0.20); positive but not significant at ages 20-22 (+0.07 to +0.09),
consistent with initial retention; and indistinguishable from placebo from age 31 onward in a
stable pattern. The validation thus provides independent evidence that the schedules identified
in Section 4.1 represent persistent cohort trajectories that are significant precisely at the labor
market entry ages that define the escalator profile and absent at the settlement ages that define

the landing zone.
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Figure 4. Diagonal cohort validation: same-cohort versus same-age placebo correlations
by arrival age and follow-up horizon.

Note: A(a,k) = same-cohort minus same-age placebo correlation (equation 4), arrival ages 25

and 28, horizons k =3, 5, 7, 10; whiskers = 95% region-cluster bootstrap intervals (B = 400);

regions with mean annual gross flows below 500 excluded. Source: MDIS microdata.

4.3 Reconfiguration, 2006—2025

Figure 5 illustrates the corrected membership trajectories for the four municipalities chosen to
span the principal trajectory types: planned capital completing a full role sequence (Sejong),
new town maturation (Hwaseong), an escalator core in recent flux (Gangnam), and a
persistently stable escalator (Gwanak). Sejong showed the fullest sequence; reception
membership near one from 2012 to 2019, a rapid transition to the landing zone by 2021, and a
drift toward the anchor profile by 2025. Hwaseong alternated between reception and landing-
zone roles through successive waves of new-town intake before stabilizing as a landing zone.
Gwanak sustained an escalator membership of close to one for 18 consecutive years. Gangnam
predominantly held escalator membership, with posterior probabilities briefly diffusing from

2023 to 2024, before returning by 2025.



(a) Sejong (b) Hwaseong

e e o i
= o o o
L

Membership

e
[N

o
o

(c) Gangnam (d) Gwanak

Membership
o o =
o o o
1

o
kS

o
[N

i . o
T T T T T T T T T T T T T T T T
2007.5 2010.0 201255 20150 2017.5 2020.0 2022.5 2025.0 2007.5 2010.0 20125 2015.0 2017.5 2020.0 20225 2025.0
Year Year
=== Escalator === Landing zone === High-turnover reception Supplier-return === Gradual outflow Low-maobility anchor

Figure S. Corrected membership trajectories: Sejong, Hwaseong, Gangnam, Gwanak.
Note: Annual corrected membership probabilities (Equation 3), 2008-2025; dashed line =

Sejong’s 2012 foundation. Source: Authors’ calculations.

A common trend across the system underlies these varied trajectories (Figure 6): high-mobility
roles declined, whereas low-mobility roles increased. The average escalator membership across
Seoul's twenty-five districts decreased from 0.62—0.69 20082011 0.27-0.39 2022-2025. The
shift extended beyond the capital: the mean escalator membership across all municipalities fell
from 0.115 to 0.051 and reception membership from 0.137 to 0.056, while anchor membership

rose from 0.165 to 0.304 and supplier membership rose from 0.237 to 0.328.
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Figure 6. Mean escalator membership, Seoul's twenty-five districts, 2008-2025.
Note: Annual mean corrected escalator membership across the twenty-five districts; band =

interquartile range; gray = analysis window. Source: Authors’ calculations.

Figure 7 and Table 3 summarize the transitions between the early (2008—2011) and late (2022—
2025) periods and Figure 8 spatially maps these transitions. Of the 228 municipalities, 105
(46.1%) changed their modal roles well above the permutation expectations (Table 3). The
direction of change was asymmetric: net movement into the low-mobility roles amounted to
+43 municipalities (Table 3), and of the 19 transition types, the 11 that remained significant
after false discovery rate correction all followed the descending mobility gradient—most
prominently gradual outflow to anchor, escalator to gradual outflow, and landing zone to
anchor—-together with the stepwise decline of the reception role—while no upward or reverse
transition was distinguishable from the permutation null. These transitions reflected changes
in role membership rather than role definitions; recalibration within sub-periods reproduced
the role profiles with component mean correlations of 0.88—-0.94 (Appendix A2). Thus, the

reconfiguration consisted of municipalities systematically moving within a stable role space



from high- to low-mobility roles.
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Figure 7. Role transitions between early and late windows.
Note: Cells count municipalities moving from row (2008—-2011) to column (2022-2025);
asterisks = significant at the 5% level after false discovery rate correction (within-region

permutation, B = 1,000). Source: Authors’ calculations.

Table 3. Transition inference (within-region permutation, B = 1,000).

Statistic Observed  |[Null mean p

Regions changing modal role 105/ 228 40.3 < 0.001

INet movement into low-mobility roles [+43 —0.2 < 0.001




FDR-significant transition types (5%) (11 of 19 — all descending

Largest flows: Gradual—Anchor / 21/14/13 2.7/1.7/ [<0.01 each
Escalator—Gradual / 2.4

Landing— Anchor

Note: Windows 20082011 and 2022-2025: 228 municipalities were observed in both
(Sejong was excluded early). Null distributions from within-region permutation of year order;
FDR = Benjamini—Hochberg at 5%. Low mobility roles = supplier—return, gradual outflow,

anchoring. Source: Authors’ calculations.
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Figure 8. Spatial distribution of modal role assignments, early (2008—2011) and late
(2022-2025) windows.
Note: Modal role = highest average corrected membership within each window. Gray =
unclassified (Sejong enters 2012). Institutional-rotation caveat as in Figure 3. Source:

Authors’ calculations.

5. Discussion



The escalator region concept implies that for a region to attract young individuals while losing
middle-aged individuals, other regions must exhibit opposite trends: losing young individuals
and gaining middle-aged individuals. Fielding's analysis of South East England implicitly
commented on the rest of Britain (Fielding, 1992). The framework developed in this study
quantifies this implication, modifying the concept. The escalator is a position rather than a
location, and the profile characterizing Seoul's central districts also applies to the historic
centers of Busan and Daegu, cities with declining total populations, which are not typically
identified as escalators in candidate-focused single-region designs (Champion et al., 2013).
The releasing side is an equal part of the system: supplier—return counties and gradual-outflow
districts—most Korean municipalities—are not background but complementary positions that
demographically enable escalators. Because the roles were held fixed, Korea’s roles remained
constant even as its regions shifted, addressing the unit-of-analysis issue in Section 2: the
escalator is a position within a measured structure of complements.

The validation results address the second longitudinal issue. The diagonal cohort design
demonstrates that at the population level, the measured escalator profiles align with the actual
cohort behavior: cohorts entering the labor market later exit in greater numbers, with the signal
appearing precisely at the ages defining the escalator profile and disappearing at those defining
the landing zone. Thus, the roles carry the longitudinal content of the concept claims (Fielding,
1992), and not merely a cross-sectional form. The robustness analyses relate to Section 2's
other proposition that the relational and functional structures of a migration system are
analytically distinct. Clustering the same regions based on connectivity results in a partition
largely unrelated to the role structure (ARI = 0.11), functional roles are not disguised spatial
communities, and information absent from the flow topology is added.

The reconfiguration findings connect Korea with two global discussions. In the debate on

whether metropolitan escalators still operate (Champion & Gordon, 2019; Yu, 2022), Seoul’s



escalator membership has roughly halved over two decades, with exits and no significant new
entries, showing an escalator decline across an entire system rather than a single area. For the
mobility-decline debate (Alvarez et al., 2021; Champion et al., 2017; Cooke, 2013; Molloy et
al., 2011), transition analysis adds a structural reading: Korea’s decline is not merely less
movement but a targeted reallocation of roles—all 11 transitions surviving multiple-testing
correction shifts toward lower-mobility roles. The division of labor persists, but its membership
is reassigned. This targeted demobilization also provides a system-level counterpart to city-
specific shrinkage accounts (Khavarian-Garmsir, 2023; Martinez-Fernandez et al., 2012).
Two findings further support this scenario. The age at which individuals board is decreasing:
the intensification of Seoul's most active escalator district is driven by teenage in-migration,
aligned with education-related schedule components (Wilson, 2010), indicating that escalator
entry is increasingly linked to educational rather than labor market transitions. The planned
capital experiment completes a full role life cycle within 13 years—pulse, absorption,
subsidence—a trajectory relevant to other planned capitals (Moser, 2010) and caution for
policies assuming planned in-migration leads to permanent attraction.

However, the study design did not address the underlying reasons. Factors such as population
aging, the narrowing of migratory age ranges, housing-cost exclusion from escalator cores, and
the maturation of a landing-zone belt developed in earlier decades are potential mechanisms
familiar with the mobility-decline debate (Champion et al., 2017; Cooke, 2013); each aligns
with parts of the pattern, yet none is pinpointed by our measurements. The association structure
documented here—which roles exist, which regions moved, and in which direction—is the
phenomenon that determinant-focused research must explain; under one constraint, any
proposed mechanism must reproduce the observed directionality of transitions.

This framework is adaptable. To evaluate this, age-specific origin—destination register flows

are essential and can be obtained from population registers in Northern Europe, municipal



registration systems such as Spain's padron, and resident registration systems across East Asia,
noted for their cross-national comparability (Bell et al., 2015). For validation purposes, event-
level microdata, which are increasingly accessible from countries with comprehensive registers,
are required (Lichner et al., 2024). The diagonal design is optimal for registers such as Korea's,
which document movements without continuous personal identifiers, because it extracts cohort
data from anonymous event records. The reference-role-space logic—calibrate once, score
always—generalizes equally, opening comparative questions about whether national systems
allocate roles differently. Thus, Korea demonstrates a framework with data requirements that
more countries are beginning to fulfil.

This study has several limitations. Fielding's (1992) initial association of migration with
occupational ascent captures the migratory aspect that this framework generalizes, while
occupational tradition (Gordon et al., 2015) remains a complementary source of evidence that
aggregate registers cannot address. Validation occurs at the cohort level, demonstrating that
arrival cohorts eventually exit in greater numbers, not that specific individuals embark and
disembark. Institutional rotation, such as military services or island administration, can mimic
high-turnover patterns, which is why the interpretation of the reception role differentiates
between planned-city and special-territory groups. Age-specific denominators were introduced
in 2008 and included two registration category breaks, which are noted where applicable.
Finally, the measured roles were defined according to the age composition. Whether the
system's flows link roles from a division-of-labor perspective suggests whether those leaving
escalators predominantly end up in landing zones and those leaving suppliers on escalators,

and how the division of labor varies by gender, are pertinent questions for future research.

6. Conclusion

Transforming the escalator region into an escalator system turns a three-decade-old analysis of



a single area into an account of how the national migration system allocates life stages among
complementary roles. Applied to Korea, the framework answers each question in turn: six
functional roles encompass all 229 municipalities (RQ1); boarding, riding, alighting, and
settling appear in household registers at the expected ages (validation); and between 2006 and
2025, regions moved between fixed roles, consistent toward lower mobility, halving Seoul’s
escalator geography (RQ2). Requiring only age-specific register flows for measurements and
event-level microdata for validation, the framework can travel to any system that records these
flows. For policy, escalator functions should not be treated as permanent; planned in-migration
can complete its cycle within a decade, and mobility declines by reallocating regions toward
lower mobility roles, a distinction relevant to regional and housing policies aimed at young
adults’ entry points. The escalator was not merely a location; in Korea, it is at least a position

within a system reorganizing toward lower mobility.
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