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Abstract. Better transportation, communication, and information ac-
cess are commonly expected to diversify activity-space trajectories, yet
they may also concentrate their distribution. We study this concentration
with an agent-based model of regions that differ in opportunity, cost, sup-
port, and platform visibility. Agents repeatedly reorient across regions,
and their choices feed back into regional cost and visibility. Anchored
to five urban systems, the model reproduces 2026 regional population
shares from 2010 data with small mean absolute errors. The resulting
simulations project continued concentration in single-core and radial sys-
tems, with substantially weaker concentration in polycentric and federal
systems. Concentration and welfare diverge, because an over-expensive
dominant region can disperse agents without improving their lives. These
findings suggest that social trajectory collapse depends on the interac-
tion between regional opportunity, cost, support, visibility, and urban
structure, rather than on connectivity alone.
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1 Introduction

Better mobility, connectivity, and information access are commonly read as forces
for diversity, yet they may instead draw a population’s recurring activity-space
trajectories toward a single dominant pattern. What distinguishes one trajectory
from another is the spatiotemporal organization of recurring activity, namely the
region, opportunity structure, and institutions around which everyday move-
ment is organized. The object of analysis is therefore the population-level distri-
bution of recurring time-geographic trajectories [18, 8], and because individual
movement is spatially and temporally regular [14, 29], this distribution is stable
enough to ask whether it stays broad or concentrates.

When opportunity and visibility concentrate in a few dominant centers, bet-
ter connectivity draws agents toward the same center, so whether access diversi-
fies or concentrates depends on how opportunity, cost, and support are arranged
* Equal contribution.
† Corresponding author.
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around it and on the configuration of regions through which movement runs.
Existing work supplies the pieces of this arrangement but not their interac-
tion: accessibility research treats access as multidimensional rather than travel
speed alone [12, 5], capability and migration research separates a visible opportu-
nity from a reachable one [28, 25, 17], and platform-mediated visibility reweights
which opportunities look reachable [6]. Which arrangement concentrates a dis-
tribution remains open.

We address this gap with an agent-based simulation model in which regions
differ in opportunity, cost, support, visibility, and access, and heterogeneous
agents repeatedly reorient and feed back into regional cost and visibility. The
model is mechanism-oriented rather than a calibrated forecast; outcomes are
summarized through top neighborhood share, tail mass, effective neighborhood
count, cost burden, and welfare, so concentration emerges from the dynamics
and is not a modeling input.

Connectivity alone barely concentrates trajectories. Its effect reverses with
the visibility regime and with region structure, and varying only the regional hi-
erarchy and topology shifts concentration substantially, so single-core and radial
systems concentrate where polycentric and federal ones stay distributed. The
model reproduces present-day regional population shares within a small error
and projects continued concentration in single-core and radial systems. Con-
centration and welfare diverge, because an over-expensive dominant region can
disperse agents without improving their lives.

We make four contributions.

– We reframe social trajectory collapse as concentration of a population over
a continuous trajectory index, measured after simulation as an emergent
outcome and not imposed as an input category.

– We show that the effect of connectivity is contingent, reversing with the
visibility regime and with region structure, so connectivity alone does not
account for concentration.

– We separate region configuration from the mechanism settings and show that
hierarchy and topology shift concentration on their own.

– We anchor the model to five real urban systems, reproduce present-day re-
gional population shares, and distinguish concentration from welfare.

2 Related Work

2.1 Computational Social Science and Agent-Based Explanation

This work follows computational social science, where traces, networks, exper-
iments, and simulation study processes that resist analytical or observational
isolation [21]. Agent-based modeling suits micro-to-macro emergence: under Ep-
stein’s generative standard, a macro pattern is explained when explicit micro
rules generate it [9], as Schelling’s segregation model shows for weak local pref-
erences producing strong aggregate segregation [27]. We retain this approach but
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apply it to the viability of low-frequency trajectory neighborhoods in a continu-
ous opportunity, cost, and support field, with entities and submodels separated
following the ODD protocol [16].

2.2 Social Influence, Cascades, and Platform Amplification

Concentration depends on exposure and recursive influence. Diffusion and
threshold models explain how communication channels and local adoption rules
produce cascades [15], while complex contagion shows that many behaviors
require reinforcement from multiple contacts [3]. Platform settings add visibility
feedback: social influence increases inequality and unpredictability in cultural
markets [26], and algorithmic feedback can homogenize exposure [4]. Because
spatial choice concerns place-bearing opportunities rather than items alone,
we model visibility as a region-indexed public salience signal that reweights
perceived opportunity, consistent with work on migration aspirations and
social-media-shaped opportunity structures [17, 6].

2.3 Spatial Opportunity, Cost Capitalization, and Reproduction

Opportunity, cost, and support fields draw on the capability approach [28] and
spatial-opportunity research [11]. Urban economics supplies the cost feedback:
amenities capitalize into rents [24], increasing returns support concentration [20],
housing supply conditions growth [13], and transport gains are absorbed into
housing, service, and status costs [23]. Reproduction is motivated by cultural
transmission and institutional persistence [2], and policy enters as a support
field that can sustain multiple centers in polycentric systems [22]. We combine
these mechanisms in a coupled model evaluated through a common trajectory
measure.

3 Method

3.1 Model Overview

We operationalize social trajectory collapse as concentration of a population over
recurring time-geographic trajectories in continuous trajectory-index space, fol-
lowing an ODD-style separation of entities, state variables, and submodels [16].
Each agent carries an attribute vector xi (age, region, income, wealth, attach-
ment, family state, and sensitivities to opportunity, cost, support, connectivity,
amplification, and policy); each region carries opportunity, cost, support, density,
visibility, housing-supply elasticity, transport access, and reproduction capacity.

Each region holds a field Xr(t) = (Or, Cr, Sr, Vr)(t) with scalar connec-
tivity κ entering through exposure. Agents perceive it through limited reach,
X̃i,r(t) = Ei(Xr(t), access,network, platform visibility), where Vr weights expo-
sure and heterogeneity enters through Ei and the sensitivities. Each agent forms
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Fig. 1. Model overview. Generator and real-world settings construct regional
opportunity–cost–support–visibility fields. Heterogeneous agents perceive those fields
through transport access, network reports, and platform visibility, update recurring
time-geographic trajectories, and feed population demand back into regional cost and
visibility. Collapse is measured after simulation as high top trajectory-neighborhood
share, low tail mass, and low effective trajectory-neighborhood count.

a capability index Ki,r(t) = gi(Õ, C̃, S̃, xi)(t) and chooses by random utility,

P (ai(t) = a) =
exp(Ui,a(t)/τ)∑
a′ exp(Ui,a′(t)/τ)

, (1)

over staying, migrating, hybrid access, local investment, and, under reproduc-
tion, orienting a child’s trajectory.

Each action update assigns agent i a continuous trajectory index zi(t)
combining its region of recurring activity with its perceived opportunity–cost–
support orientation. Partitioning this one-dimensional space into cells, with πc

the share of agents in cell c (an occupied cell being a trajectory neighborhood),
we summarize the distribution by

qtop = max
c

πc, mtail = 1− qtop, Neff = exp
(
−
∑

c πc log πc

)
, (2)

the largest neighborhood share, the mass outside it, and the entropy-based ef-
fective number of occupied neighborhoods. High qtop with low mtail and low Neff
indicates concentration into a narrow part of trajectory-index space. Cost capi-
talization closes the loop: as agents crowd a high-opportunity field, its housing,
service, schooling, and status costs rise and feed back into the next round of
choice, and under reproduction the loop extends through fertility, parent–child
transmission, peer density, schools, and media exposure.

3.2 Region Generator

Each region carries a hierarchy rank r = 1, . . . , R and score hr ∈ [0, 1], where
rank 1 is the primary core and rank R the most peripheral. Population follows
a linear control family or, for unequal systems, a Zipf family Pr = nz(r−ζ) [10]
or primate-city family Pr = nz(r−ζ + πI[r=1]) [19], with nz(·) normalization.
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Opportunity, cost, and visibility each take one of three forms on a field-
specific driver set dr,

flin(dr) = nz
(
w0 + w⊤dr

)
, (3)

fpow(dr) = nz
(∏

k d
bk
r,k

/
supplyϵr

)
, (4)

fhinge(dr) = nz
(
cr + λmax(0, u⊤dr − sr)

γ
)
, (5)

with dr = (Pr, hr, hubr) for opportunity, (Pr, Or) for cost, and (Or, Pr,mediar)
for visibility, where supplyr and sr apply to cost and the hinge form. The linear
form scales opportunity with population and hierarchy, the power form scales it
superlinearly and capitalizes cost against supply [1, 7, 24, 13], and the hinge form
makes visibility threshold-amplified salience [26, 15]. Support stays off this cas-
cade, interpolating a region-uniform institutional floor and a local fiscal-capacity
term [30, 22],

Sr(λS) = nz((1− λS)S0 + λS(S0 + λtaxTaxBaser)) , (6)

so the experiments can ask whether support offsets or reinforces hierarchy.

3.3 Real-World Settings

We evaluate five urban-system cases with historical population data sufficient
for initialization and forward simulation: China-triad, a multi-core corridor over
Shanghai, Beijing, Hong Kong, and Shenzhen–Guangzhou; U.S.-federal, a dis-
tributed metropolitan system; UK-devolved, a London-centered system with de-
volved regional centers; Moscow, a radial capital region; and Tokyo, an inte-
grated mega-region [31]. Each case is initialized from official historical popula-
tion shares, from which the (O,C, V, S) fields are generated using the functions
above. The region unit differs in scale across cases: in China-triad, U.S.-federal,
and UK-devolved a region is a metropolitan or sub-national center within a na-
tional system, whereas Moscow and Tokyo are treated at a metropolitan scale
where a region is a core or peripheral sub-center. The region count R and the
unit’s meaning therefore vary across cases, which bears on cross-case MAE com-
parison.

3.4 Annual Update and Measurement

Our annual update runs perception, choice, mobility, regional feedback, and mea-
surement as one recurrent process, so concentration emerges from coupled agent-
region dynamics and not from post hoc clustering. The experiment suite spans
feature-function sweeps over opportunity, cost, visibility, support, and connectiv-
ity, region-configuration comparisons within one model family, the 2026 hindcast
against official shares, and joint reading of concentration with cost and welfare.
Cost burden is the population mean of the cost component agents bear in their
chosen region relative to a baseline, and aggregate welfare is the population mean
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Table 1. Best-fitting model settings initialized from 2010 regional shares, evaluated
against official 2026 shares. MAE is the population-share mean absolute error in per-
centage points, averaged across seeds. Best fit in bold.

Region Opportunity Cost Visibility Support κ MAE (pp.)

China-triad Linear Linear Power-law salience 0.50 1.85 1.07
U.S.-federal Urban scaling Linear Power-law salience 0.50 0.80 0.96
UK-devolved Linear Linear Power-law salience 0.50 1.85 1.80
Moscow Urban scaling Linear Power-law salience 0.50 1.85 1.48
Tokyo Threshold Linear Linear salience 1.00 0.80 2.29

realized utility of chosen trajectories; we report both alongside concentration be-
cause dispersion can reflect displacement out of an over-expensive core rather
than healthier spread. The simulator runs in PyTorch CUDA over batched sce-
nario, seed, and sweep dimensions, with agents in fixed-capacity buffers under
active masks, and reproduction runs accept only zero-drop runs.

4 Experiments and Results

Table 2. Simulated 2036 outcomes
from the 2026 initialization. Higher
top share and lower tail mass indi-
cate stronger collapse.

Case
Top Tail Eff. Top reg.
share mass neigh. share

China-triad 0.078 0.922 42.83 0.184
U.S.-federal 0.103 0.898 28.71 0.214
UK-devolved 0.181 0.819 14.54 0.330
Moscow 0.560 0.440 4.34 0.763
Tokyo 0.729 0.271 2.88 0.878

We organize the experiments around four
claims. First, the model can be calibrated to
the 2026 population-share distribution from
2010 data with small error, fitting polycen-
tric and federal structures more closely than
single-core ones. Second, the calibrated model
projects stronger collapse by 2036, most pro-
nounced in primate and radial systems. Third,
both feature functions and regional struc-
ture are necessary, since changing either sub-
stantially raises mean absolute error (MAE).
Fourth, concentration must be read alongside
cost burden and welfare, since lower concentration need not imply a welfare gain.
All experiments report distributional outcomes over the continuous trajectory-
index space.

4.1 Reproducing 2026 Population Share from 2010 Population Data

For each run, we simulate from 2010 official shares to 2026, average final shares
over 10 seeds, and select the suite with the lowest MAE against official 2026
shares. Because selection and comparison use the same target, this is an in-
sample calibration, not out-of-sample validation; empirical support comes from
differential fit across structures and the transfer ablation in Section 4.3.

Table 1 shows MAE from 0.96 percentage points in U.S.-federal to 2.29 in
Tokyo, with China-triad, UK-devolved, and Moscow between 1.07 and 1.80. The
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Fig. 2. Connectivity–visibility perturbations by regional case, blue lower MAE and red
higher.

best-fitting specifications differ across regions: China-triad and UK-devolved fa-
vor linear opportunity, linear cost, power-law visibility, support linkage 0.50, and
κ = 1.85; U.S.-federal and Moscow favor urban-scaling opportunity; and Tokyo
fits best under threshold opportunity, linear visibility, full support linkage, and
κ = 0.80. Polycentric and federal cases fit more closely than the most single-core
one, indicating that regional structure shapes how the mechanisms behave.

4.2 The Simulation Projects Stronger Trajectory Collapse by 2036

Fig. 3. Cross-region transfer of
best-fitting suites, source by row
and target by column, darker for
larger MAE.

Table 2 reports the 2036 projection from the
calibrated models, separating concentration in
trajectory space (top trajectory-neighborhood
share) from concentration at the regional
level (top region share). Concentration is
strongest in Moscow and Tokyo, with top
trajectory-neighborhood shares of 0.560 and
0.729 against 0.181 in UK-devolved, 0.103 in
U.S.-federal, and 0.078 in China-triad; tail
mass, effective neighborhoods, and top region
share follow the same ordering, with top re-
gion shares of 0.878 in Tokyo and 0.763 in
Moscow. Conditional on the persistence of
current conditions, collapse is most severe in
primate and radial systems, while polycentric
and federal systems stay substantially more
distributed.
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4.3 Ablation Study

Mechanism Design and Regional Structure Are Both Necessary Figure 2 shows
that the best connectivity–visibility setting differs by case. China-triad, UK-
devolved, and Moscow fit best under high connectivity and high visibility, U.S.-
federal under high visibility and low connectivity, and Tokyo under low values
of both. This case-specific pattern indicates that connectivity is mediated by
visibility and regional structure.

Figure 3 shows the same dependence through cross-case transfer. Specifica-
tions transfer well only between China-triad and UK-devolved, which share the
same best-fitting suite. Otherwise MAE rises, with the largest loss from applying
the Moscow specification to Tokyo. Fit therefore depends on both the mechanism
setting and the spatial structure to which it is applied.

Table 3. Concentration, cost burden, and
welfare in Tokyo-to-2036 scenarios.

Init.
Top Tail Eff. Cost Agg.

share mass neigh. burden welfare

2010 0.511 0.489 6.19 1.133 1.667
2024 0.758 0.242 2.66 1.020 1.977
2025 0.730 0.270 2.86 1.011 1.994

Collapse, Cost Burden, and Welfare
Must Be Read Together A more dis-
persed distribution can reflect dis-
placement rather than broader access.
Whereas Table 2 gives the headline
2036 projection from the 2026 initial-
ization, Table 3 isolates sensitivity to
the initialization year by starting the
same Tokyo system from 2010, 2024,
and 2025 shares. The 2010 start yields a lower top share, higher tail mass, and
more effective neighborhoods than the 2024 and 2025 starts, yet the highest cost
burden and lowest welfare: a 2010 top share of 0.511 against 0.758 and 0.730,
with cost burden 1.133 and welfare 1.667, the worst profile of the three. Con-
centration therefore calls for joint reading with cost burden and welfare, above
all when dispersion follows from constrained movement rather than improved
opportunity. Because aggregate welfare is mean realized utility on the random-
utility scale, which is ordinal and τ -dependent, we read it only within a case
across initializations and not as a quantity comparable across cases.

5 Discussion

Trajectory concentration depends on the joint configuration of mechanisms and
regional structure. The same model family yields distributed outcomes in poly-
centric and federal systems, but stronger concentration in radial and primate
systems. The connectivity–visibility perturbations also differ by case, so concen-
tration cannot be attributed to one mechanism alone. Regional structure matters
independently. Cross-case transfer shows that a specification fitting one system
often loses fit on another, indicating that hierarchy and topology condition op-
portunity, visibility, and cost feedback. Concentration must be read with cost
burden and welfare. Lower concentration may reflect displacement from an ex-
pensive dominant region rather than broader access, as shown by the Tokyo
initialization comparison.
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Note that the results are stylized with parameters are as mechanism settings,
with regional units differ in scale, and calibration is in-sample. The model is
therefore a scenario framework, not a demographic forecast.

6 Conclusion

We model social collapse as concentration over recurring time-geographic tra-
jectories. The simulations suggest that concentration emerges from the inter-
action of multiple factors inside the structure. Polycentric and federal systems
remain more distributed than radial and primate systems, while concentration
and welfare do not necessarily move together. The implication is that preserving
diversity requires multiple viable centers of opportunity, support, and activity,
rather than connectivity alone.
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