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How can cities become more 
inclusive?
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Nativity distributions in Sweden (2019)
https://yuanliao.shinyapps.io/InteractiveVisiSegSweden/

https://yuanliao.shinyapps.io/InteractiveVisiSegSweden/
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Beyond residential segregation: a 
conceptual framework
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Methodology
Applied data: 30.5 million stay points from 323 thousand devices 
in Sweden, 2019

Raw data:
4.6 billion records from 1 million devices in Sweden 2019
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Quantify nativity segregation
Adjusted Indicator of Concentration at Extremes (ICE)*

*Iyer, Nandini, Ronaldo Menezes, and Hugo Barbosa. "Mobility and Transit 
Segregation in Urban Spaces." arXiv preprint arXiv:2304.07086 (2023).
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Experienced vs. residential nativity 
segregation: change patterns
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Experienced vs. residential nativity 
segregation: change patterns
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ICE change from residential to experienced

Mobility
•Travels
•Activity demand

?
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Car accessibility vs. segregation 
change

Car accessibility – Number of jobs within 1.5 km by driving from residence 
(0.5-1 km square grid)

Better car accessibility <->
reduced nativity segregation*

*only for those living in native-
born concentrated areas (D)



2023-07-19

Transit service vs. segregation 
change

Access to transit stops - Number of transit stations within 800m by walking 
from residence (0.5-1 km square grid)

Better access to public transit 
stops 
<->
reduced nativity segregation*

*except for those living in 
native-born concentrated 
rural/suburban areas
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Summary
• When considering mobility, individual’s experienced nativity segregation deviates 

from his/her residential segregation
• Most native-born concentrated residents have decreased experienced nativity segregation than 

residential one (64% vs. 2%).
• More foreign-born concentrated residents have increased level of nativity segregation than those 

have decreased (24% vs 10%).
• Decreased nativity segregation compared with residential measuring is 

associated with better transport access.
• But car and transit have different association patterns depending on foreign/native-born.

• Develop robust models to better understand the relationship between mobility-aware 
measuring of social segregation, mobility, built environment, and housing.
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Appendix 1 – Conceptual 
framework

Perspective Aspect Subject of 
measuring

Time 
dimension

Urban space

Residential
Residents Year

Network

Visiting Visitors Second-minute

Individual Experienced
Travels (move)

Second-minute
Activities (stay)

This study
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Appendix 2 – Adjusted ICE
Adjusted Indicator of Concentration at Extremes (ICE)*

*Iyer, Nandini, Ronaldo Menezes, and Hugo Barbosa. "Mobility and Transit 
Segregation in Urban Spaces." arXiv preprint arXiv:2304.07086 (2023).

Population 
size

Population share 
(national average)

Foreign-born 
outside Europe

𝐹𝐹𝑗𝑗 𝑤𝑤𝐹𝐹 (0.111)

Native-born 𝐷𝐷𝑗𝑗 𝑤𝑤𝐷𝐷 (0.804)

Other 𝑂𝑂𝑗𝑗 𝑤𝑤𝑂𝑂 (0.085)

Zone 𝑗𝑗
How a given zone deviates from the 
national average population composition
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Appendix 2 – Adjusted ICE



2023-07-19

Appendix 3 – Research questions

1) How is experienced nativity segregation different from residential income segregation?

2) What are the impacts of income level and transport accessibility on experienced nativity 
segregation by individuals?

Dimension Levels Definition
Nativity Foreign-born, 

Native-born
Foreign-born population was born outside Europe.

Income level Q1, Q2, Q3, Q4 < 25%, 25%-50%, 50%-75%, >75% (0.5-1 km square grid)
Transport 
aspects

Accessibility by car Number of jobs within 15 km by car from residence (0.5-1 km 
square grid)

Availability of 
transit services

Number of transit stations within 800m by walking from residence 
(0.5-1 km square grid)
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Appendix 4 – Segregation change ∆𝑰𝑰𝑰𝑰𝑰𝑰𝒑𝒑

Segregation type Population size

Residential 𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑟𝑟

Experienced 𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑒𝑒

When considering mobility, how an individual’s experienced nativity segregation change from 
his/her residential segregation

∆𝑰𝑰𝑰𝑰𝑰𝑰𝒑𝒑= �
𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑒𝑒  −  𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑟𝑟  , 𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑟𝑟 ≥ 0
− 𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑒𝑒  −  𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑟𝑟  , 𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝,𝑟𝑟 < 0
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Appendix 5 – Association with explanatory 
factors: weighted Mann–Whitney U test
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Appendix 5.1 – Association with 
income
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Appendix 5.2 – Association with car 
ownership



2023-07-19

Appendix 5.3 – Association with car 
accessibility
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Appendix 5.4 – Association with 
public transit services
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