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Abstract: Guiding the evolution of jobs-housing relations requires a clear account of how these relations 
form. Using mobile-phone signaling data for Shanghai, this study constructs a jobs-housing network and 
examines  its  nodes,  edges,  and overall  organization.  Employment  and residential  nodes  show both 
convergence  and  divergence;  network  edges  combine  centripetal  and  dispersed  patterns;  and  the 
network  forms a  one-core,  multi-cluster  structure.  Statistical  analysis  indicates  that  edge formation 
follows  a  common  power-law  mechanism,  while  spatial  distance  and  housing  prices  shape  edge 
intensity.  Shanghai's  monocentric  housing-price  gradient  and  employment  concentration  jointly 
generate  the  observed  network.  The  resulting  challenges  include  spatial  mismatch,  transport 
bottlenecks,  and  socio-spatial  inequity.  Scenario  simulations  show  how  housing  affordability  and 
employment decentralization alter commuting patterns and support corresponding planning responses.
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Employment  and  residence  are  two  fundamental  urban  functions.  Their  changing  relationship 
affects system performance, daily life, economic efficiency, and environmental quality. Urban expansion  
in large cities has intensified separation and peak-hour congestion [1-3]. Scientific planning therefore 
requires knowledge of the mechanisms and drivers underlying jobs-housing change [4-5].

Most  previous  studies  use  static  indicators  within  spatial  units,  including  balance  and  self-
containment [1,6]. These indicators understate cross-unit flows. Network science instead treats spatial 
units as nodes and commuting relations as directed edges, captures dynamic inter-area relationships [7-
9], and provides quantitative measures for explaining network structure.

 1 Literature Review

1.1 Defining the Spatial Jobs-Housing Relationship
Chinese  scholarship  approaches  jobs-housing  relations  through  morphology,  emphasizing 

distributions of residents and workers [10-11], and through structure, emphasizing the organization and 
intensity  of  residential-employment connections [12-13].  This  study defines the spatial  jobs-housing 
relationship as the organizational intensity of residential-employment functional connections within and 
between areas with identifiable locations, attributes, and forms.

1.2 Research on Jobs-Housing Relations
Four strands dominate the literature.  The first  measures  internal  relations and spatial  patterns 

using self-containment, commuting distance, standard-deviation ellipses, and related indices [14-17]. 
The second identifies individual and spatial determinants. Survey and transport data relate commuting 
to the built  environment,  socio-economic attributes,  and institutions [18-23],  while  big-data studies 
examine  how local  environments  affect  balance  [24-27].  Both  approaches  can  obscure  interactions 
among areas.



The  third  strand  evaluates  organizational  efficiency  through  excess-commuting  models  and 
optimization [28-31]. These models identify theoretical potential but often minimize aggregate travel  
without  fully  representing  personal  housing  and  social  costs.  The  fourth  uses  large-scale  data  to 
reconstruct local formation and change [13,32-34], although quantitative accounts of evolution remain 
limited. A network perspective can connect these strands and explain formation mechanisms.

 2 Research Design and Data

2.1 Analytical Framework
The study first measures residential-employment connections between Shanghai grid cells and uses 

commuter counts as directed edge weights. It then examines nodes, edges, and the overall network.  
Ordinary  least  squares,  power-law  models,  and  community  detection  are  used  to  explain  edge 
formation  and  network  organization.  Challenges  are  identified  from  these  results,  after  which 
simulations test alternative housing-price acceptance and employment-distribution scenarios.

2.2 Data Sources and Processing
The study area excludes Chongming and Changxing islands because of their distinctive cross-water 

commuting. A 1 km by 1 km grid retains spatial precision and limits scale effects documented at larger  
units [35], yielding 7,708 cells. China Unicom signaling data for October 2023 identify home and work 
locations. Individuals completing at least 11 home-to-work trips are retained. Cells accounting for the 
first 95% of cumulative resident and worker counts form 3,698 nodes, covering 716,571 commuters.

Validation  against  the  Seventh  National  Population  Census  produces  street-level  Pearson 
correlations of 0.85 with total population and 0.88 with working-age population, both significant at 99%. 
Housing prices come from Lianjia second-hand transactions.  Kriging converts community-level prices 
into a raster, and area-weighted means are calculated for each grid.

 3 Features: Spatial Characteristics of the Jobs-Housing Network

3.1 Convergence and Divergence: Spatial Characteristics of Nodes
Employment  and  residential  populations  both  exhibit  a  core-periphery  structure,  although 

employment is more concentrated. Jobs cluster in the Nanjing West Road-Nanjing East Road-Lujiazui 
corridor,  Greater  Xujiahui,  Wujiaochang,  Caohejing,  Zhangjiang,  and  several  new-town  centers. 
Residential population is more dispersed around the Inner Ring and suburban towns such as Huacao,  
Qibao, Jiuting, and Caolu. The historic commercial core contains fewer residents than workers.



Fig. 1  Spatial distribution of residential and employment populations

3.2 Centripetal and Dispersed Patterns: Spatial Heterogeneity of Edges
Edges terminating inside the Inner Ring are strongly centripetal and extend from the central city to  

near-suburban towns. Edges terminating between the Inner and Outer rings also draw residents from 
the  main  city  and  its  immediate  periphery.  In  contrast,  edges  terminating  outside  the  Outer  Ring  
connect closer nodes and form more dispersed local patterns. Shanghai therefore combines a powerful 
central commuting field with localized suburban connections.

Fig. 2  Spatial patterns and intensity of jobs-housing edges in Shanghai

3.3 One Core and Multiple Clusters: Spatial Organization
The whole network forms one core and multiple clusters. The central activity zone, main city, and 

near  suburbs  constitute  a  strongly  centripetal  core,  while  relatively  self-contained  employment-
residential clusters occur in the outer suburbs. Near-suburban towns have a dual role: they extend the  
central  network  and  connect  it  to  outer  clusters.  Louvain  community  detection  [36]  confirms  this  



pattern.  As resolution decreases from 1.0 to 0.1,  communities in the central  area merge into large  
sectors, while many outer-suburban communities remain independent.

Fig. 3  Network organization, edge intensity, and community-detection results

 4 Mechanisms: Formation Principles and Structural Logic

4.1 Edges: Common Mechanism and Housing-price Heterogeneity
Kolmogorov-Smirnov tests assess the edge-weight distribution for each employment node [37-38]. 

Among 1,689 nodes with more than 100 workers, only one fails the power-law test. Most employment 
nodes thus connect strongly to a small set of residential nodes, suggesting stable commuting corridors.

Following the first law of geography and classical location theory [39], edge intensity P is modeled  
from a combined utility X: P = X^-alpha and X = alpha1D + alpha2R + beta, where D is spatial distance 
and R is the housing price at the employment node. Mean goodness of fit is approximately 0.58 for 
employment  nodes  with  more  than  100  workers.  Greater  distance  and  housing  cost  reduce  edge 
intensity. The monocentric, exponentially declining housing-price surface explains the contrast between 
long, centripetal central-city links and shorter, localized suburban links.



Fig. 4  Model fits for the six largest employment nodes

4.2 Network Formation: Superposition of Subnetworks and Employment 
Concentration

Each employment node forms a subnetwork as workers choose residences according to commuting 
distance  and  housing  cost.  Superposition  of  these  subnetworks  produces  the  citywide  network. 
Shanghai's  one-core,  multi-cluster  structure  is  rooted  in  monocentric  employment.  Dense  central  
employment  sustains  strong  links  from  nearby  suburbs  despite  distance,  while  suburban 
industrialization  creates  local  employment  groups  whose  workers  can  reside  nearby.  The  former 
generates the main core; the latter produces multiple outer clusters.

 5 Challenges

5.1 Spatial Jobs-Housing Imbalance: Uneven Average Commuting Distance
Employment-node  commuting distance  declines  from the  center  outward,  whereas  residential-

node distance has a hump-shaped distribution that peaks near the Outer Ring. Near-suburban areas are  
simultaneously linked to the central activity zone and outer towns, making them the most pronounced 
zone of spatial separation.



Fig. 5  Average commuting distance of employment and residential nodes

5.2 Transport Bottlenecks: Pressure from Centripetal Commuting Flows
Large peak-hour flows from the urban periphery to the central city place sustained pressure on  

expressways  and  rail  corridors.  Recurrent  congestion  on  these  links  reduces  system  reliability  and 
residents' accessibility [40].

5.3 Social Inequity: Intensified "Time Poverty" among Low-income Groups
Workers in the central city face high housing prices. When affordable housing is unavailable, lower-

income  groups  exchange  housing  costs  for  longer  travel  and  live  farther  from  work.  Extended 
commuting deepens time poverty and reduces time for personal development, family life, and rest [41].

 6 Responses
A 50 by 50 grid with 1 km cells is used to simulate one million workers. Baseline employment and  

housing prices decline exponentially from the center, and residential choice follows a power-law process  
driven by distance and price. Nine scenarios combine low, medium, and high housing-price weights with 
monocentric, one-main-plus-secondary-center, and homogeneous polycentric employment.



Fig. 6  Simulated employment and residential population under alternative scenarios

6.1 Simulation Results
Residential distribution responds strongly to employment configuration, and higher price weights 

push households toward the periphery. Employment-node commuting distance declines from the center 
in  all  nine  scenarios.  Housing-price  acceptance  significantly  changes  its  magnitude,  confirming  the 
influence of market conditions. Residential-node distances are low in the center and high at the edge  
under monocentric employment, but become increasingly polycentric as jobs decentralize.

Employment  distribution  determines  overall  network  organization.  Monocentric  employment 
produces strongly centripetal edges. A main center with secondary centers resembles Shanghai's one-
core,  multi-cluster  pattern.  Homogeneous  polycentric  employment  strengthens  outer  clusters  and 
weakens  central  centripetal  dominance.  Greater  housing-price  acceptance  shortens  commuting and 
further weakens the centripetal tendency.



Fig. 7  Average commuting distances and edge intensity under different scenarios

Table 1  Mean node commuting distance across simulation scenarios

6.2 Response Strategies

6.2.1 Improving Housing Affordability through Coordinated Measures

Improved  housing  affordability  enables  residence  closer  to  employment  and  reduces  average 
commuting  distance.  Shanghai  should  expand  a  stable  and  diverse  affordable-housing  supply. 
Differentiated subsidies can reflect housing prices around employment locations and compensate lower-
income workers for the time costs created by spatial separation.

6.2.2 Optimizing Employment Distribution through Industrial Decentralization

Employment distribution substantially changes network organization. Shanghai has entered a stage 
in  which  suburban  enterprise  growth  exceeds  that  of  the  center  [42].  The  five  new  cities  should 
therefore be strengthened as comprehensive nodes, and market-compatible incentives should guide 
suitable  industries  outward.  Transport  planning  must  proceed  with  industrial  decentralization  [43], 



because dense commuting flows may shift toward peripheral  employment  centers  as  polycentricity 
develops.

 7 Conclusions and Discussion

7.1 Conclusions
Shanghai's  employment  and  residential  nodes  share  a  broad  core-periphery  form,  although 

employment is more concentrated. Central-city edges are centripetal, suburban edges are dispersed,  
and the whole network is organized as one core with multiple clusters. Edge weights follow a common 
power-law mechanism; distance and housing prices shape their  intensity.  The monocentric housing-
price gradient and employment distribution jointly generate the observed structure. Simulations show 
that  housing  affordability  and  employment  decentralization  can  reduce  mismatch,  congestion,  and 
inequity.

7.2 Discussion
Three  limitations  define  future  research.  The  edge-formation  mechanism  is  estimated  from 

employment  nodes  and  should  be  tested  from  residential  nodes.  The  model  currently  focuses  on 
housing prices and distance; public services and transport facilities should be added. Finally, simulations 
assume a monocentric housing-price field. The persistence of this pattern under increasingly polycentric  
employment requires further examination.

 Notes
1. The ring-based zones are the central activity area inside the Inner Ring, the main city between  

the Inner and Outer rings, and suburbs outside the Outer Ring. 2. The terms central activity area, main  
city, and new city follow the Shanghai Master Plan (2017-2035). 3. Comprehensive node city follows the  
same plan.

 References
[1] Li Wei, Wang Zongxiang, Wang Lucang, et al. Urban jobs-housing relationships in China: origins, status, challenges,  
and prospects [J]. Urban Problems, 2023, 42(8): 37-45.

[2] Zhang Xuebo,  Dou Qun, Zhao Jinli,  et  al.  Comparative review and prospects of  jobs-housing research [J].  World  
Regional Studies, 2017, 26(1): 32-44.

[3] Liu Wangbao, Hou Changying. Progress in urban jobs-housing research [J]. Human Geography, 2013, 28(4): 7-12.

[4]  Wu Zhiqiang,  Yan Juan,  Xu Haowen,  et  al.  Ten key annual  issues in  urban-rural  planning,  2024-2025 [J].  Urban  
Planning Forum, 2024(6): 8-11.

[5] Ye Z N. Construction and application of urban mobility diagnosis model [J/OL]. Frontiers of Urban and Rural Planning,  
2023, 1: 14.

[6] Cheng Peng, Tang Zilai. Jobs-housing matching and evolution in central Shanghai [J]. Urban Planning Forum, 2017(3):  
62-69.

[7] Dou Yin, Zhang Shangwu. Evaluating new-town plans through jobs-housing spatial performance [J]. Urban Planning  
Forum, 2024(6): 54-61.

[8] Shi Ruizheng, Gao Yueer, Yang Chun. Multi-scalar jobs-housing structure from smart-card data: Xiamen [J]. Urban  
Planning Forum, 2022(4): 87-94.



[9] Huang J Z, Hu G Y, Liu Y H, et al. Weekend trips to non-work destinations based on multi-source data [J/OL]. Frontiers  
of Urban and Rural Planning, 2024, 2: 25.

[10]  Wang Lucang,  Chang Fei.  Jobs-housing relationships in central  Lanzhou based on multi-source data [J].  Human 
Geography, 2020, 35(3): 65-75.

[11] Zhang Chun, Wu Ying, Ma Cheng, et al. Jobs-housing change in Urumqi based on 2010 and 2014 travel surveys [J].  
Urban Development Studies, 2019, 26(3): 24-31.

[12] Niu Xinyi, Ding Liang, Song Xiaodong. Development of Shanghai suburban new towns from jobs-housing analysis [J].  
City Planning Review, 2017, 41(8): 47-53.

[13] Niu Xinyi, Lin Shijia. Evolution of jobs-housing relations in post-industrial parks [J]. Journal of Tongji University (Social  
Science), 2022, 33(1): 67-77.

[14] Meng Xiaochen, Wu Jing, Shen Fanpu. Review of jobs-housing balance [J]. Urban Development Studies, 2009, 16(6):  
23-28.

[15] Wang De, Li Dan, Fu Yingzi. Employment space of residents in Shanghai housing areas using signaling data [J]. Acta 
Geographica Sinica, 2020, 75(8): 1585-1602.

[16]  Rao  Chuankun,  Zhu  Chengyang,  Zhai  Duanqiang.  Commuting  and  jobs-housing  relations  from  rail  ridership  in  
Hangzhou [J]. Modern Urban Research, 2025, 40(2): 16-23.

[17] Guo Liang, Bi Yufei, Huang Jianzhong, et al. Multi-scalar comparison of jobs-housing patterns in Wuhan [J]. Urban  
Planning Forum, 2018(5): 88-97.

[18] Xu Yixuan, Zhou Rui, Dai Liudong, et al. Spatial differences and determinants of jobs-housing separation in Luohe [J].  
Urban Development Studies, 2014, 21(12): 52-58.

[19] Jiao Huafu, Dai Liuyan. Jobs-housing balance and determinants in Hefei [J]. Urban Problems, 2015, 34(5): 46-51.

[20] Qiang Huanhuan, Wu Xiao, Wang Hui, et al. Jobs-housing balance for newly employed residents in Nanjing [J]. Urban  
Planning Forum, 2016(4): 75-81.

[21] Wang Zhenpo, Xi Qi, Wang Liyan, et al. Jobs-housing matching and determinants in Tianjin [J]. Urban Development  
Studies, 2017, 24(8): 23-28.

[22] Wei Haitao, Zhao Hui, Xiao Tiancong. Jobs-housing separation and determinants in Beijing [J]. Urban Development 
Studies, 2017, 24(4): 43-51.

[23]  Zhen Feng,  Li  Zherui,  Xie  Zhimin.  Urban spatial  structure and determinants based on population movement in 
Nanjing [J]. Geographical Research, 2022, 41(6): 1525-1539.

[24] He S J, Li C X, Xiao Y, et al. Neighborhood effects on residents' daily activities in central Shanghai [J]. Environment 
and Planning B, 2022, 49(7): 2011-2028.

[25] Ma Guangming. Drivers of jobs-housing imbalance in Beijing and implications for Xiongan [J].  Journal of Beijing  
Union University, 2024, 22(1): 21-35.

[26] Zhao P J, Cao Y S. Commuting inequity and its determinants in Shanghai [J]. Transport Policy, 2020, 92(6): 20-37.

[27]  Sun  B  D,  Ermagun  A,  Dan  B.  Built-environment  impacts  on  commuting  mode  and  distance  in  Shanghai  [J].  
Transportation Research Part D, 2016, 52(5): 441-453.

[28]  Yue  Liying,  Zhu  Yu,  Li  Kaiming.  Commuting  efficiency  in  Shanghai  from  dual  perspectives  and  dimensions  [J].  
Geographical Research, 2024, 43(2): 429-445.

[29] Lin C L, Niu X Y, Yang J W, et al. Heterogeneity and dynamics of commuting efficiency [J]. Journal of Transport  
Geography, 2024, 115(2): 103820.

[30] Zhang P J, Zhou J P, Zhang T R. Quantifying and visualizing jobs-housing balance with big data: Shanghai [J]. Cities,  
2017, 66(6): 10-22.

[31] Yue L Y, O'Kelly M. Commuting performance in Shanghai [J]. Travel Behaviour and Society, 2023, 31(4): 223-231.

[32] Yang T R. Understanding commuting patterns and changes through counterfactual analysis [J]. Environment and  
Planning B, 2020, 47(8): 1440-1455.



[33] Yang T R, Jin Y, Yan L X, et al. Polycentric development and Shanghai's emerging urban form [J]. Environment and  
Planning B, 2019, 46(7): 1264-1280.

[34] Huang Jianzhong, Hu Gangyu, Zhao Min, et al. Coupling spatial structure and transport through scenario simulation 
in Xiamen [J]. Urban Planning Forum, 2017(6): 33-42.

[35] Zhou X G, Sun C C, Niu X Y, et al. The modifiable areal unit problem in jobs-housing balance and commuting distance  
[J]. Travel Behaviour and Society, 2022, 26(1): 270-278.

[36] Vincent D B, Jean-Loup G, Renaud L, et al. Fast unfolding of communities in large networks [J]. Journal of Statistical  
Mechanics, 2008, 10(10): P10008.

[37] Jeff A, Edward T B, Dietmar P. Powerlaw: a Python package for analysis of heavy-tailed distributions [J]. PLoS ONE,  
2014, 8(4): e8577.

[38] Aaron C, Cosma Rohilla S, Mej N. Power-law distributions in empirical data [J]. SIAM Review, 2009, 51(4): 661-703.

[39] Zhang Yan, Gu Zhihui, Zhou Wei. Jobs-housing matching and coordinated rail development in Shenzhen [J]. Urban 
Planning Forum, 2018(1): 99-106.

[40] Zhang Tianran. Shanghai jobs-housing analysis based on mobile-phone signaling [J]. Urban Transport of China, 2016,  
14(1): 15-23.

[41] Jiao Jian, Wang De, Cheng Ying. Daily activity patterns of time-poor groups in Shanghai [J]. City Planning Review,  
2023, 47(4): 31-44.

[42]  Zhou Huimin,  Sun Bindong,  Gu Honghuan,  et  al.  Evolution of  Shanghai's  enterprise spatial  structure [J].  Urban 
Development Studies, 2023, 30(12): 9-17.

[43] Fan Jiahui, Zhang Yishuai, Zhao Min, et al. Spatial structure and jobs-housing performance in Guangzhou [J]. Urban  
Planning Forum, 2019(6): 33-42.

AI-assisted translation


