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GRAPHICAL ABSTRACT

PUBLIC SUMMARY
■   There is a super-linear relationship between city size and the number of long commuters.

■   The super-linear relationship suggests an optimal city size from the perspective of commuting efficiency.

■   Long commutes reflect gender, education, and housing inequality, ultimately impacting urban sustainability.
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Long commuting  is  associated  with  negative  consequences  on  the  envi-
ronment, economy, society, and ultimately on urban sustainability. It is still
unclear  to  what  extent  long  commuting,  one  of  the  most  frequent  daily
activities  for  urban  dwellers,  can  be  explained  with  scaling  laws.  In  this
paper,  we  examine  whether  the  number  of  people  suffering  from  long
commuting  (LC)  disproportionately  grows  as  the  city  size  (population)
increases.  We  employ  a  census  dataset  of  811,452  participants,  covering
details  of  individual  commutes  and  socioeconomic  background  in  288
cities  in  China.  By  identifying  the  most  sensitive  threshold  of  commuting
time,  this  paper  defines  commute  no  less  than  60  minutes  as  LC  and
explores the scaling laws accordingly. We find that there is a strong super-
linear  relationship  in  cities  with  more  than  1.3  million  people,  suggesting
that  there  exists  an  optimal  city  size  from  the  perspective  of  commuting
efficiency.  For  cities  with  more  than  1.3  million  people,  this  paper  reveals
that a 1% increase in the population of a city implies an increase of 1.57% in
the number of  commuters with LC.  According to our  model  calculation,  in
2022,  the  number  of  long-time  commuters  in  cities  with  population  over
one  million  was  19.06  million  in  China.  With  the  investigation  of  various
urban  attributes  and  LC,  we  conclude  that  mega-cities  or  above  tend  to
have  more  LC,  the  more  LC.  Moreover,  we  find  that  long  commuting  can
reflect  on  social  inequality  about  gender,  income,  education,  and  housing
issues, which can offer policy implications for future urban sustainability.
 

INTRODUCTION
Urban  systems  present  some  universal  patterns  in  spatial  structures,1

human  mobility2-5 and  city  size,6,7 despite  cities  being  highly  complex  and
diverse.6 Scaling  laws,  which  describe  power-law relationships  between city
size  and  various  urban  attributes,8 provide  a  fundamental  framework  for
understanding  urban  growth,  efficiency,  and  productivity.  By  bridging  urban
science  with  multiple  disciplines,  including  biology  and  social  science,9-11

scaling  laws  offer  a  systematic  approach  to  exploring  urban  phenomena,
particularly in relation to mobility and commuting patterns.

Long commuting (LC)  is  an  urban challenge in  daily  life,  influencing envi-
ronmental  sustainability,  economic  productivity,  and  social  equity.  In  urban
systems, commuting is essential in individual life,  and it can reflect the daily
rhythm  and  spatial  structures  of  an  entire  city.12 A  plethora  of  discussions
about LC identify  it  as having negative impacts on the environment,13 econ-
omy,14,15 interpersonal  relationship,16 personal  health17,18 and  well-being.19-21

Commuting  duration  significantly  affects  individuals’ well-being  and  daily
routines,19,20 while  also  shaping  traffic  flows  and  urban  morphology.22-23

Following this stream, job accessibility, a commute-related indicator, is widely
recognized  as  critical  to  urban  sustainable  development,  ecologically  and
socially.24 Despite  its  significance,  little  research  has  examined  LC  through
the lens of urban scaling laws. Existing studies on commuting often focus on
individual  cities  or  transportation  network  analyses,  without  capturing  a
generic relationship between commuting time and city size.

Scaling  law theory  offers  a  unique  perspective  compared  to  conventional
transportation  models.  Traditional  models  analyze  commuting  through
network structures, congestion dynamics, or spatial mismatch theories.25,26 In
contrast, scaling laws provide a generalized, nonlinear framework that reveals
how commuting  behavior  scales  with  urban  population  size.  This  approach
enables  comparative  analysis  across  different  urban  contexts,  allowing  for

the identification  of  universal  trends  and  thresholds  that  impact  urban  effi-
ciency.  Following  this  stream,  LC  is  linked  to  rapid  population  growth  and
urban  expansion.27,28 Given the  rapid  urbanization  observed  in  both  devel-
oped and developing countries,19,29-32 understanding how LC scales with city
size  is  essential  for  policy-making  and  urban  planning.  Addressing  three
fundamental  questions  will  enhance  our  understanding  of  urban  mobility
from  a  systemic  perspective:  Is  commuting  more  efficient  in  larger  cities?
How does commuting time scale with city size? Which groups of the popula-
tion are most affected by LC? To this end,  this  study employs a large-scale
dataset covering 288 cities in China in 2015 to investigate the scaling proper-
ties of LC, providing empirical insights into its relationship with urban expan-
sion and socio-economic disparities.

In  terms  of  LC,  many  studies  define  it  by  commute  distance  or  duration,
and some of them uncover that commuters are more sensitive to time than
distance.33 45-minute commute has emerged as a time threshold where the
behavioral  preference  of  residential  location  and  workplace  changes.16,34

Meanwhile, commuting time over 60 minutes is found to be associated with
negative life satisfaction.35 Moreover, the definition of LC tends to be different
among population sub-groups and in cities of different sizes.36 Some studies
scrutinize cities with more than five million population, proposing 90 minutes
as the LC divider.35,36 Up to date, the most proper threshold for defining LC is
still inconclusive.

Urban scaling laws underline  the  ability  and function of  cities  to  generate
economic growth and innovation.8 In general,  scaling laws suggest  underly-
ing  nonlinear  relationships  between  population  size  (or  city  size)  and  urban
indicators, such as gross domestic product (GDP) and electrical cable length.
More  empirical  evidence  suggests  super-linear  relationships  for  socio-
economic  indicators  while  sub-linear relationships  for  infrastructure  indica-
tors.8 Also,  those  nonlinear  relationships  turn  out  to  be  robust  in  different
countries  and  periods.8,11,37,38 Furthermore,  various  urban  scaling  laws  have
been validated across disciplines, including but not limited to economics,39-41

environment,13 physics,42 transportation,22,43 and  human  mobility.44 However,
the extent to which commuting, one of the most frequent activities of urban
dwellers, adheres to scaling laws remains an open question. We hypothesize
that LC indicators,  as socio-economic functionalities of cities,  exhibit  super-
linear  relationships  with  city  size.  By  empirically  testing  this  hypothesis,  our
study contributes to a deeper understanding of urban commuting dynamics
and offers policy implications for sustainable urban development.

Moreover,  previous  studies  suggest  that  LC  is  linked  to  socio-economic
factors  such  as  income  disparities,  housing  affordability,  and  demographic
characteristics.45-47 This implies that LC is not only an urban efficiency issue
but also a matter of social  inequality,  necessitating further investigation into
the  socio-demographic characteristics  of  long  commuters  (LCers).  By  inte-
grating  urban  scaling  laws  with  socio-demographic  analyses,  this  research
aims to provide a comprehensive understanding of LC and its broader impli-
cations for urban sustainability and social equity. 

MATERIALS AND METHODS
Before  analyzing  scaling  laws  for  commute,  we  revisit  the  urban  scaling

law of GDP in 288 cities in 2015 in China, utilizing urban population and GDP
data (data details see Figures S1–S2). It  is important to note that in China's
urban statistical yearbooks, population figures are reported at multiple statis-
tical scales due to the country’s household registration (hukou) system. This
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variation  necessitates  careful  selection  of  an  appropriate  population  metric
for scaling law analysis.  By  validating that  the relationship  between popula-
tion and GDP follows the classical scaling law, we can demonstrate that the
chosen  population  data  is  suitable  for  this  study.  The  urban  scaling  states
that GDP(Y) can be expressed as a power-law function of the urban popula-
tion(X),8 that is,

Y= C ·Xβ

Y∼ Xβ

where β is the urban scaling exponent. Specifically, for β ≠ 1, it means that an
increment  in  urban  population  may  result  in  a  disproportionate  percentage
change in an urban indicator accordingly. As shown in Figure 1A, the super-
linear relationship  (β  >  1)  between  population  and  GDP  has  been  well  vali-
dated, with β = 1.16. This value is comparable to 1.15 in the existing study.8

The result shows the usability of the dataset.
To explore the relationship between LC and city size, we calculate three LC

indicators, including average commuting time (ACT) as shown in Table 1, the
number  of  commuters  whose  commuting  time  are  60  minutes  or  more
(NumLC), and the percentage of long commuters (LCshare). In this study, we
consider  long  commuting  as  a  special  part  of  intra-urban  traveling.  This
study  excludes  inter-city  commuting  from  its  analysis.  Then,  we  substitute
NumLC for  Y  in  the  urban scaling  function.  Regression  tests  are  performed
with different commuting time thresholds that ranged from 30 to 90 minutes
by 15-minute intervals (Table 2). Parameters of the models are estimated by
ordinary least-squares.

Then  we  classify  cities  into  seven  categories  based  on  the  size  of  urban
population.48-50 The scaling laws are further scrutinized with the inclusion and
exclusion  of  cities  of  different  sizes.  To  delve  into  urban  characteristics,  we
perform  the  principal  component  analysis  (PCA)  with  various  urban
attributes.51 These  variables  are  related  to  economic  development,  urban

transportation, energy  consumption  and  envi-
ronmental quality, and the physical features of a
city. 

RESULTS 

The threshold of long commuting
First,  we revisit  the urban scaling law of GDP

in 288 cities in China, figuring out that the super-
linear  relationship  (β  >  1)  between  population
and  GDP  is  well  validated,  with  β  =  1.16
(Figure 1A), comparable to 1.15 in ref8. To iden-
tify  the  most  appropriate  time  threshold  for
defining LC, we obtain the scaling exponents at
a  set  of  different  thresholds  ranged  from  30  to
90 minutes by every 15-minute interval (Table 2).

This range covers most of  the commonly used commuting time definitions.
Figure 1B shows that different LC time thresholds (y-axis) correspond to vari-
ous  fitting  coefficients  (z-axis)  by  city  size  (x-axis).  A  larger  β  indicates  a
stronger  sensitivity  of  NumLC  to  urban  growth.  Thus,  the  time  threshold
corresponding to the largest β can be considered as the most appropriate to
define  LC.  Our  findings  underscore  that,  in  a  significant  majority  of  cities
(73.78%), a 60-minute threshold of commuting time is the most sensitive to
urban population growth (Figure 1C). Studies have proven the negative corre-
lation between commutes longer than 60 minutes and life satisfaction as well
as the inequalities across different  demographic groups.35,36,52 Therefore,  the
following analysis uses 60 minutes as a threshold of LC. A robustness analy-
sis to confirm the long commuting time parameter can be seen in Figure S3.
The respective scaling relationship is shown in Figure 1D.

Population size  and the  coverage  of  urban area  are  two common indica-
tors to represent city size. In this regard, our work also uses urban area as a
proxy  variable  for  city  size.  Similarly,,  we  find  a  super-linear  relationship
between NumLC and city size. Specifically, a 1% increase in the urban area of
a city implies an increase of 1.26% in NumLC (R2 = 0.70, see Figure S1), while
a 1% increase in the population size of a city implies an increase of 1.30% in
NumLC (R2 = 0.79). In a nutshell, there is a more than proportional increase of
LC with urban expansion and population growth of  cities.  Given the consis-
tent  results,  we  choose  urban  population  as  a  proxy  for  urban  size  in  our
following  analysis,  which  is  in  line  with  the  literature.8 We  also  extend  the
understanding  of  Zipf’s  Law,  which  is  closely  associated  with  scaling  laws.
The  mathematical  connection  between  Zipf's  Law  and  the  scaling  law  is
proved in the Text S1. Figure 2A verifies the Zip’s Law between the rank of the
city  and  urban  population  as  well  as  NumLC.  With  our  dataset,  the  slop
parameters  are  1.07  and  0.74,  respectively.  In  both  cases,  the  model  fit  is
good with R2 above 0.95.  With the analysis by Zipf’s  Law,  we argue that  LC
indicators are key for studying urban scaling laws. 
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Figure 1.  Scaling  laws  verified  for  288  cities  of
China in 2015 (A) Verification between urban popu-
lation and GDP. Urban population is used as a proxy
of  city  size  and  β  is  reported  as  1.16.  Note  that
quantities  are  expressed  in  base-10  logarithmic
scale. (B) Commuting time threshold calibration with
scaling  law.  A  series  of  regression  tests  is
performed  for  different  commuting  time  thresholds
that  ranged  from  15  to  150  minutes  by  15-minute
intervals.  β15 represents  the  value  of  β  when  the
commuting time threshold is  15 minutes.  βmax indi-
cates the maximum of β values for a city size repre-
sented by the urban population. CTβmax denotes the
commuting time corresponding to βmax. Here, it veri-
fies  βmax =  β60. A  robustness analysis  to  define that
the  long  commuting  is  longer  than  60  minutes  is
included in Figure  S3.  (C)  The number  of  cities  and
the size of urban population for CTβmax. (D) Verifica-
tion  between  urban  population  and  the  number  of
commuters whose commuting time are 60 minutes
or more in a city.
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Scaling law of commuting time by city size
Table 1 indicates that  the average commuting time (ACT) increases from

small cities to megacities. The larger a city, the longer the ACT. For instance,
the  ACT  for  megacities  (26.03  minutes)  is  1.5  times  longer  than  that  in
medium-sized cities (16.81 minutes). Despite the good performance of the fit
to the scaling law (Figure 1D), we observe some deviations as urban scaling
tends to underestimate NumLC for large cities (observations above the best-
fit  line).  Hence, city size may matter in understanding the underlying scaling
law.

The  relationship  between  commuting  time  and  city  size  can  be  further
examined by related statistics (see Table S1). Table 2 indicates that β gener-
ally  exhibits  a  positive  correlation  with  city  size,  independent  of  different  LC
thresholds.  Moreover,  we  find  that  the  percentage  of  long  commuters
(LCshare)  is  much higher  for  larger  cities,  with  12.09% LCers  in  megacities.
When the population of  cities is  less than 1.3 million,  such super-linearity is
replaced by sub-linearity (β < 1) with lower R2 in many cases (see Figure S3).
For  cities  with  more  than  1.3  million  people,  β60 =  1.57,  which  means  a  1%
increase  in  the  population  size  of  a  city  implies  an  increase  of  1.57%  in
NumLC. It is worth noting that a sensitivity analysis is conducted to verify the
population threshold of 1.3 million (see Figure S4). This disproportional rela-
tionship  is  stronger  for  cities  with  larger  sizes.  In  particular,  for  megacities
and supercities, a 1% increase in the city size, represented by urban popula-
tion, implies an increase of 1.72% in NumLC. In Figure 1B, we also see stable
strong and positive relationships between β and city size (x-axis, in descend-
ing city size) across all long commuting time dividers. Generally, β falls when
smaller cities are included, while β tend to increase disproportionally among
larger  cities.  These  results  confirm  a  paradox  of  urban  growth  and  traffic
flow,  namely,  commuting  time  is  longer  in  large  cities  despite  denser  roads
and more substantial public transportation services.22

The super-linear relationship between LC and population in large cities can
be  explained  by  job-housing  imbalance.  Given  that  economic  activities  and
higher-income  jobs  are  concentrated  in  central  areas,  rising  housing  costs

reinforces long commuting trends, as lower-income individuals are priced out
of central locations and must travel longer distances to access employment
opportunities.53,54 In addition,  transportation  infrastructure  expansion  strug-
gles  to  keep  pace  with  demand,  resulting  in  severe  congestion  and  longer
commute  times.  The  "fundamental  law  of  road  congestion"  suggests  that
increased road supply is  quickly  absorbed by additional  traffic,  exacerbating
commuting inefficiencies in larger cities.55,56

Across the scale of increasing city size, a U-shaped trend between city size
and  commuting  time  can  be  observed,  which  can  offer  insights  about  the
evolution  of  cities.23 At  an  early  stage,  city  size  is  relatively  small,  and  the
transportation  infrastructure  is  under  the  process  of  improvement,57 so  the
commuting time of urban dwellers can be shortened with the growth of the
city.  Also,  economics  of  scale  can  be  realized  for  transportation  network
expansion.  Yet,  as the city size further increases beyond a critical  value,  the
population growth tends to be a burden and traffic congestion arises. In such
cases,  the  growth  of  commuting  time  in  larger  cities  can  be  seen  as  urban
dwellers’ compromise with the city’s socio-economic activities. In large cities,
growth and productivity are generated through a more detailed subdivision of
production.  Hence,  people tend to suffer  from job and housing mismatch in
larger  cities.45,58 Although  a  well-developed  transportation  network  helps
commuters to travel faster, the increasing separation of jobs and housing still
plays a major role in commuting time variations.

Based on the super-linear relationship, we can predict the NumLC for 2021
and 2022. First, we compare the forecasted results with the known actual LC
numbers and find that the fit is quite good (Figure 3). The predict results are
in consistence with the report about the long-time commuters in major cities
of China in 2021 and 2022, which is jointly published by the China Academy
of Urban Planning and Design and Baidu Maps. Furthermore, we extend our
calculation  to  other  medium-size  cities  and  small  cities  where  the  NumLC
data is missing in 2021 and 2022. In summary, by 2021, the NumLC nation-
wide reached 19.85 million, and the number by increased to 20.88 million by
2022. According to our estimates, in 2022, the NumLC in cities with popula-

 

Table 1.  Differences in commuting time by city size.

City size ACT(min) LCshare(%) n

Megacity 26.03 12.09 4

Supercity 22.67 6.81 3

Big city (Type I) 22.16 5.89 12

Big city (Type II) 18.04 2.90 52

Medium-size city 16.81 1.83 96

Small city (Type I) 16.97 1.89 105

Small city (Type II) 17.84 2.01 16

All cities 18.21 3.12 288

According to the size of urban population, cities are divided into megacities (> 10 million), supercities (5 to 10 million), big cities (Type I of 3 to 5 million and
Type II of 1 to 3 million), medium-size cities (0.5 to 1 million) and small cities (Type I of 0.2 to 0.5 million and Type II < 0.2 million). In each group, n denotes
the number of cities.
 

Table 2.  Scaling laws by city size.

City size β30 R2 Β45 R2 Β60 R2 Β75 R2 Β90 R2

Megacity and Supercity 1.26 0.80 1.56 0.71 1.72 0.72 1.87 0.71 1.92 0.71

Big city (Type I) and above 1.16 0.90 1.36 0.80 1.46 0.78 1.50 0.72 1.51 0.71

Big city (Type II) and above 1.29 0.88 1.53 0.81 1.57 0.76 1.51 0.70 1.52 0.68

Medium-size city and below 0.92 0.76 1.01 0.57 0.90 0.43 0.75 0.22 0.74 0.20

Small city (Type I and II) 0.82 0.58 0.94 0.35 0.78 0.21 0.60 0.08 0.53 0.06

All cities 1.15 0.92 1.32 0.85 1.30 0.79 1.19 0.66 1.18 0.64

This table shows the scaling exponents between the number of people whose commuting time is equal to (or beyond) a certain time limit and the size
ofurban population in cities included (more details see Tables S1–S2)
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tion over  one million was 19.06 million in  China.  It  is  also worth  noting that
91% of long-time commuters living in large cities rather than small cities. 

Long commuting and urban development
To further identify which cities are more probable to have LC, we examine

the  results  from the  principal  component  analysis  (PCA)  with  various  urban
attributes in terms of  urban development.  As shown in Table 3,  most urban
attributes  are  associated  with  average  commuting  time.  Overall,  urban
attributes  related  to  the  level  of  economic  development  and  transportation
infrastructure  show  a  significant  and  positive  relationship  with  commuting
time (Factor 1). Consistent with the jobs-housing literature, GDP, population,
urban  area,  the  area  of  green  space,  the  total  amount  of  CO2 emissions,
housing  price,  and  average  wage  are  highly  relevant  to  commuting  time.  A
more developed urban transportation system (RL, RA, NBr, NIB, TN, and NBu)
tends  to  be  associated  with  longer  commuting  time,  suggesting  a  complex
and  potentially  bidirectional  relationship  between  urban  transportation
systems and commuting time.  While  increased transportation infrastructure
may improve mobility  options,  it  can also reflect  higher  urban densities  and
spatial mismatches that contribute to longer commutes.

Similarly,  urban  topography  is  positively  associated  with  LC  but  with  less
weight (Factor 2). Notably, for urban expansion, the higher the value of Factor
2, the more unsuitable the topography is for human activities. In addition, the

speed  of  urban  economic  development  has  a  negative  correlation  with
commuting time (Factor 4). Some attributes representing air quality are not of
statistical  significance  (Factor  3  at p=0.01  level).  Overall,  the  results  of  PCA
highlight  the  interdependence  between  urban  development  and  commuting
time, reinforcing the need for a nuanced interpretation that considers mutual
influences rather than unidirectional causality.

Additionally,  we  have  incorporated  case  studies  from  various  city  size
groups—including  megacities  (Beijing),  supercities  (Guangzhou),  big  cities
(Changsha,  Jinan),  and  medium/small  cities  (Panjin,  Sanmenxia  and
Lishui)—to  illustrate  how  urban  development  patterns  and  transportation
infrastructure  interact  with  commuting dynamics  (Figure  4).  Megacities  and
supercities exhibit the highest levels of long commuting, consistent with their
extensive  but  congested  transportation  networks.  The  PCA  results  indicate
that  high  population  density,  strong  economic  activity,  and  high  housing
prices  contribute  to  significant  commuting  inefficiencies,  aligning  with  the
super-linear  relationship.  While  big  cities  also  experience  increasing
commuting time, their urban planning and transport policies, such as transit-
oriented  development,  show  some  mitigating  effects.  The  PCA  analysis
suggests  that  cities  with  well-integrated  public  transportation  may  exhibit
more  efficient  commuting  patterns  despite  population  growth.  Medium  and
small cities demonstrate shorter commuting times on average, with the PCA
analysis  indicating  that  lower  population  density  and  reduced  spatial
mismatch  contribute  to  this  trend.  However,  as  these  cities  continue  to
expand,  their  scaling  behavior  suggests  a  potential  increase  in  commuting
inefficiencies  over  time.  These  examples  provide  empirical  support  for  our
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Figure 2.  The  relationship  between  LC  and  city  size (A)  Zipf’s  law  by  NumLC.  The
slope is 1.07 for population and 0.74 for NumLC, implying that the growth of NumLC
follows a consistent pattern with the growth of the urban population. (B) The chang-
ing percentage of  NumLC within  the incremental  population.  The fit  line  is  smoother
on  the  right  end,  indicating  that  NumLC  grows  in  a  slow  rate  in  small  cities.  As  the
urban population grows, the proportion of NumLC in the newly added population grad-
ually increases, and the inflection point where the growth rate surges corresponding to
a population size of around 1.3 million, which can be further verified with a sensitivity
analysis in Figure S4.

 

Figure 3.  The predication of the number of long-time commuters in 2021 and 2022
with the super-linear relationship captures.
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findings and demonstrate the real-world implications of scaling laws across
different urban contexts. 

Long commuting by demography
By dividing the population into two groups (LCers vs. non-LCers),  a series

of t-tests have been conducted to verify whether the two groups differ by the
key demographic variables of age, gender, marital status, and parental status.
First, the literature  suggests  that  LC is  more common among younger  indi-
viduals.34 This is confirmed in Figure 5A (p < 0.01). In line with previous find-
ings,34 Figure 5B shows males have longer commuting time among the LCers
(p < 0.01). In comparison, the non-LCers show little difference in commuting
time between genders.

Furthermore,  marital  status  has  a  more  significant  impact  on  female
commuting  time than that  of  males  (Figure  5C).  With  the  between-group t-
test  in the LCers,  the average commuting time (ACT) of  single men (ACT of
LCers of  m1,  ACTLm1 =  86.26 minutes)  is  longer  than that  of  single women
(ACTLf1 = 82.78 minutes), then married women (ACTLf2 = 78.67 minutes) (p <
0.01). Similarly, the commuting time of single men (m1) is longer than that of
married men (ACTLm2 = 83.45 minutes), then married women (f2) (p < 0.01).
Among  the  non-LCers,  single  persons  have  longer  commutes  compared  to
those  who  are  married,  with  the  disparity  being  greater  between  single  and
married women (∆ACT = 2.05 minutes) than that between single and married
men (∆ACT = 0.50 minutes).

As  for  LCshare,  3.51%  men  have  LC  whereas  2.59%  women  do,  which
emphasizes  the  gender  difference  of  marital  status  on  varying  commuting
time once again. As for parental status, our results indicate that women with-

out  children  commute  longer  (p <  0.01)  than  women  with  children.  In  brief,
our observation indicates that both marital and parental status have a signifi-
cant impact on women. Women tend to take on more responsibility for caring
in  marriage.  That  can  help  to  explain  why  women  are  more  sensitive  to
LC.58,59 Marriage  requires  more  time  and  effort  from  women,  so  household
decisions tend to shorten women’s commutes. When women have no choice
but  to  commute  long  distances,  they  face  both  work  and  family  pressures,
although this seems to manifest itself in the fact that long commutes have a
more negative impact on women.59
 

Long commuting and social inequality
Group heterogeneities  can  be  seen  from  residential  income  level,  educa-

tional background, and housing tenure. First, inspired by the positive relation-
ship  between  GDP  and  commuting  time,  we  examine  the  relationship
between  the  average  income  level  and  commuting  time.  Here,  the  average
income level is used as an additional urban attribute. Overall,  the increase in
income levels  corresponds to long commuting.  There is  a  super-linear rela-
tionship between the disposable income per capita and the NumLC in cities.
Second, among LCers, the educational level is notably higher than non-LCers.
The  proportion  of  LCers  who  have  at  least  bachelor’s  degree  was  24.97%,
while that proportion of non-LCers was 6.44%. This finding confirms that the
higher  educational  level,  the  job  selection  tends  not  to  be  restricted  by
commuting  time.  Third,  regarding  housing  types,  68.53% of  non-LCers  hold
self-owned housing, while this rate of LCers is only 36.59%. The rate of LCers
who benefited from affordable housing policy is 6.5%, while this rate of non-
LCers is 17.19%. In a nutshell, long commuting can reflect on social inequal-

 

Table 3.  Commuting time by urban attribute.

Urban attribute Factor1 Factor2 Factor3 Factor4

GDP 0.1017 −0.0251 0.0137 0.0215

Population (Pop) 0.0994 0.0272 0.0035 −0.0829

Road length (RL) 0.0970 −0.0194 0.0177 0.0202

Road area (RA) 0.0957 −0.0143 0.0533 0.0359

Number of intersection bridges (NIB) 0.0956 0.0685 0.0564 −0.0102

Green space area (GA) 0.0954 −0.0266 −0.0854 −0.0219

Number of taxis (NT) 0.0941 0.0580 0.0775 −0.1788

Urban area (UA) 0.0939 0.0376 0.0567 0.0722

Number of buses (NBu) 0.0898 −0.0579 −0.0954 0.0788

Number of bridges (NBr) 0.0898 −0.0579 −0.0954 0.0246

Housing price (HP) 0.0835 −0.0615 −0.2046 0.1484

CO2 emission 0.0737 −0.0156 0.1858 −0.1471

Average wage (AW) 0.0665 −0.0729 −0.2517 0.0062

Extreme elevation (EE) 0.0068 0.4083 0.0678 0.0264

Average elevation (AE) −0.0026 0.3639 0.0376 −0.1083

Average slope (AS) −0.0048 0.3149 −0.1429 0.0923

Air quality index (AQI) 0.0028 0.0245 0.5257 −0.1023

Population density (PD) 0.0038 −0.0469 0.3699 0.3279

GDP growth rate (GGR) −0.0005 0.0038 −0.0182 0.8234

Dependent variables Factor1 Factor2 Factor3 Factor4

ACT 0.626*** 0.271*** 0.008 −0.171***

NumLC 0.752*** 0.093*** −0.057 −0.178***

LCshare 0.730*** 0.231*** 0.012 −0.141***

R2 = 0.394 for ACT, R2 = 0.526 for the number of long-time commuters (NumLC), and R2 = 0.501 for percentage of long commuters (LCshare).
Abbreviations used in Figure 4 are given. *** indicates p<0.01.
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ity about income, education, and housing issues.
Furthermore,  we expanded the analysis to explicitly link social  inequalities

with  scaling  law  dynamics,  showing  that  larger  cities  exhibit  more
pronounced  disparities  in  commuting  burdens  across  age,  gender,  income,
and education. Our analysis reveals that while demographic structures such
as age and gender  are generally  similar  across city  sizes,  disparities—espe-
cially  in  gender  composition  and  educational  attainment—are  amplified
among long-distance commuters in larger cities. These findings reinforce the
relationship  between  urban  scale  and  social  stratification,  with  detailed
results provided in the supplementary materials (Tables S4–S7). 

CONCLUSION
In  summary,  we  systematically  analyzed  commuting  time  in  288  cities

across China using a  large census dataset  in  2015,  revealing a  super-linear
relationship between LC and city size.  It  emphasizes the social  organization
of  cities  when  we  extend  the  understanding  of  scaling  laws  from  a  social
activity  view.8 We conclude that  the increasing rise  in  LCers corresponds to
more  urban  energy  consumption,  indicating  an  exacerbation  of  negative
effects  if  city  size  expands  without  limits.13,60 Research  has  shown  that  as
cities  grow,  economic  productivity  and  innovation  scale  non-linearly  with
population, but so do negative externalities such as congestion and housing
shortages,  which  disproportionately  affect  commuting  patterns.8,22 Our find-

ings indicate that the relationship between LC and population size follows a
super-linear  scaling  law  only  when  cities  reach  a  certain  size  threshold,
suggesting  that  efficiency  may  decline  with  excessive  growth.  Furthermore,
using  the  commuting  data,  we  recognize  the  population  threshold  as  1.3
million. However, to find out the underlying mechanisms of this phenomenon,
further examination needs to be conducted with data in other countries and
regions.  Whether  similar  thresholds  exist  in  cities  of  other  countries  are
intriguing questions that remain open for further discussion.

Here,  we  identified  a  LC  time  threshold  of  60  minutes.  Daily  commuting
can be regarded as a trade-off between mobility efficiency of urban dwellers
and collective efficiency of the entire urban structure.22 We use this threshold
to  explain  the  scale  effect  of  human  mobility  and  then  explore  the  urban
structure  evolution  process.1,5,11 However,  this  study  focuses  exclusively  on
intra-city  commuting,  leaving  a  gap  in  research  on  inter-city  commuting.
Considering the growing population commuting between cities, further inves-
tigation  into  inter-city  commutes  can  be  valuable  and  will  contribute  to  a
more comprehensive understanding of urban dynamics.

Also, this paper distinguishes different scaling laws between LC and seven
city  types  by  urban  population  size.  We  find  that  city  diversity  according  to
various  urban  attributes  make  cities  expand at  different  rates.  Theoretically,
the lifetime of a single city includes periods of fast growth, slow growth and
even periods of shrinkage.57,61 Hence, we argue that the scaling law between

G
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Figure 4.  Examples for various city sizes The abbreviations for these urban attributes are consistent with those in Table 3. For each city, every attribute value is standardized
and shown as a radius of the sector, and the average commuting time (ACT) is also given as a number. For each group of cities, the traced sectors show the mean value of each
attribute. Example cities are randomly selected here and the map in the center shows the spatial location of selected cities. In the case study cities, the ACT increases as city size
expands, reflecting the synergistic growth relationship between commuting and urban scale. Beijing, representing a megacity, has a high Factor 1 value, corresponding to a high
level of economic development, and Guangzhou, representing a supercity, exhibits a similar pattern. In contrast, the three case cities representing medium and small cities show
the opposite trend.
 

Figure 5.  LCers and non-LCers by demography (A) reports the age distribution. (B) shows the differences in commuting time between genders. (C) is a comparison for marital
status. Note that f denotes female and m denotes male. Specifically, f1 refers to single women, f2 refers to married women and f3 is for divorced and widowed. The red bars repre-
sent results for females, while the blue ones are for males. Demographic differences are confirmed by statistical tests.
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urban expansion and LC needs to  be seen from the perspective of  different
stages  of  urban  development,  depending  on  the  actual  city  size  and  other
attributes.  This  argument  is  in  line  with  theories  related  to  the  life  circle  of
cities.62 In  addition,  long- and  short-distance commuting  reflect  fundamen-
tally  different  urban  dynamics:  the  former  often  results  from  spatial  and
economic  mismatches,  while  the  latter  indicates  a  better  job-housing
balance.  Short  commutes  are  typically  enabled  by  compact  urban  planning
strategies  such  as  mixed-use  development  and  transit-oriented develop-
ment.63,64 In  contrast,  long  commutes  are  driven  by  housing  affordability
issues, inadequate infrastructure, and urban sprawl.53-55

In the identification of LCers, we highlighted gender, marital status, and age
as  three  crucial  variables.  Our  findings  imply  that  married  women  may  be
socially disadvantaged given the traditional gender roles, where women often
take  up  more  household  responsibilities,  thus  necessitating  shorter
commutes.  Moreover,  younger  individuals  who  generally  have  less  savings
and lower  social  status,  are  suffering  from job-housing  imbalance.65,66 Such
within-city  inequalities  associated  with  urban  scaling  laws  is  worth  more
investigation.62

Here,  this  paper  can  offer  some  policy  implications  on  social  inclusion.
First,  the  LC  threshold  and  its  impact  on  society  need  to  be  more  carefully
studied  to  avoid  transport-related  exclusion.  Second,  different  urban
attributes  should  be  considered  in  understanding  and  trying  to  reduce  the
negative impact of LC on the environment and individual well-being. Still, it is
noted that China has been undergoing rapid urbanization and Chinese cities
are densely populated. Hence, one possible limitation is that our study uses a
60-minute  threshold  for  LC,  which  could  potentially  increase  in  countries
where population is sparser.
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