<]
TUDelft

Delft University of Technology

CTwalk
A tool for mapping potential inter-population encounters In X-minute neighborhoods
Milias, V.; Psyllidis, A.

Publication date
2025

Document Version
Final published version

Citation (APA)
Milias, V., & Psyllidis, A. (2025). CTwalk: A tool for mapping potential inter-population encounters In X-

minute neighborhoods. Paper presented at 19th International Conference on Computational Urban Planning
and Urban Management (CUPUM 2025), London, United Kingdom.

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.



<]
TUDelft

Delft University of Technology

CTwalk: A tool for mapping potential inter-population encounters In X-minute
neighborhoods

Milias, V.; Psyllidis, A.

Publication date
2025

Published in
Proceedings of the 19th International Conference on Computational Urban Planning and Urban
Management (CUPUM 2025)

Citation (APA)

Milias, V., & Psyllidis, A. (2025). CTwalk: A tool for mapping potential inter-population encounters In X-
minute neighborhoods. In Proceedings of the 19th International Conference on Computational Urban
Planning and Urban Management (CUPUM 2025) https://osf.io/jmt8w

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://osf.io/jmt8w

CTwalk: A tool for mapping potential inter-population encounters
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Summary

Proximity-oriented planning aims to promote active transportation and reduce car
dependence by ensuring essential services are within a short walking or cycling distance. While
often seen as promoting social interactions, models like the “15-minute city” risk reinforcing
spatial segregation by limiting interactions among diverse demographic groups. Addressing the
lack of tools to analyze these effects, C'Twalk is a data-driven software tool that maps the
encounter potential of urban destinations across population groups within 5- and 15-minute
walks. The tool identifies access inequities and evaluates how different destinations are
mutually accessible to diverse populations.
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1 Introduction

Proximity-oriented planning has gained renewed attention in recent years as a strategy to pro-
mote active transportation and reduce car dependence. A notable example is the “15-minute city”
model—a concept reminiscent of earlier models like the “neighborhood unit” and “compact city”—
which envisions essential services, goods, healthcare, and leisure activities accessible within a 15-
minute walk or bike ride, occasionally incorporating public transit (Moreno et al. 2021; Pozoukidou
and Chatziyiannaki 2021; Weng et al. 2019). Although such models are often assumed to pro-
mote social interactions, encouraging people to spend most of their time near their residences could
inadvertently reinforce spatial segregation by limiting interactions between diverse demographic
groups, particularly marginalized communities. Existing tools for analyzing and visualizing segre-
gation effects remain limited. To address this gap, we present C'Twalk, a data-driven software tool
that maps the encounter potential of urban destinations across population groups within 5- and
15-minute walking distances. CTwalk uncovers access inequities and assesses the co-accessibility
of destinations, measuring the extent to which they are mutually accessible to diverse population
groups (Milias, Psyllidis, and Bozzon 2024).
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2 Data input

The data and methodology for measuring the encounter potential of urban destinations build on
previous research (Milias and Psyllidis 2022). Our approach consists of two main steps. First, we
assess pedestrian accessibility by delineating 5- and 15-minute walksheds from residential locations,
based on street segment lengths and an average walking speed of 1.26 m/s (Schimpl et al. 2011).
Within these walksheds, we calculate the total number of destinations accessible from each residence.
Second, we evaluate the encounter potential of each destination by determining: (1) the total number
of people who can access it within the 5- and 15-minute walksheds, (2) the number of individuals
from distinct population groups with access, and (3) the diversity of these groups, quantified using
Shannon’s Equitability Index (Shannon 1948).

The openly accessible online version of CTwalk currently covers the five largest cities in the Nether-
lands: Amsterdam, Rotterdam, The Hague, Utrecht, and Eindhoven. The tool can be adapted
for other cities and countries, provided pedestrian street network, point of interest (POI), and
demographic data are available.

Data on pedestrian networks and POI destinations are sourced from OpenStreetMap (OSM), a
global open source mapping platform. Using the OSMnx package, we extracted walkable streets
by setting the network type to “walk,” thereby excluding street categories unrelated to pedestrian
activity, such as motorways, service roads, and cycleways (Boeing 2017). The current version of the
tool focuses on destinations such as parks, cafes, or playgrounds that encourage informal, voluntary,
and diverse social interactions beyond home and work. These are locations where individuals of
various ages can engage in activities and encounter one another. This selection can be customized
to suit different contexts. OSM data for this version were collected in November 2021.

While our current implementation focuses on different age groups, the approach can be extended
to incorporate other demographic characteristics, such as ethnicity, income, or level of education.
For demographic data, we used granular population statistics from the Dutch Central Bureau of
Statistics (Centraal Bureau voor de Statistiek, 2020), which provides data at a 100 x 100 m grid
resolution. Our analysis is based on population demographics from the year 2020, categorizing
residents into three age groups: children (0-15 years), adolescents and adults (1664 years), and
the elderly (65 years and older).

3 Implementation of the software tool

The backend of CTwalk, responsible for data collection and analysis, was implemented using Python
and a PostgreSQL database. The associated code is open source and is available on GitHub!.
The frontend, developed using Mapbox and JavaScript, is open-access and can be accessed via
https://miliasv.github.io/CTwalkMap/.

CTwalk presents three main layers of information, which users can toggle on and off via the map’s
interface, as shown in Fig. 1.

Pedestrian street network and walkable areas: The first layer displays the pedestrian street
network along with 5- and 15-minute walkable areas. This allows users to explore how the pedestrian
network structure affects the areas accessible on foot from a given residence. Buttons in the top-left
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Figure 1: CTwalk’s user interface.

corner of the interface enable users to switch between the 5- and 15-minute walksheds. Hovering
over the map dynamically highlights the corresponding walksheds, as depicted in Fig. 2.

Accessibility inequities: The second layer highlights inequities in accessibility by showing the
number of destinations accessible within a 5- or 15-minute walk from residential locations. Resi-
dences are represented as a grid with a spatial resolution of 100 x 100 m. Activating the population
demographics layer colors each grid cell based on the number of accessible destinations, as illus-
trated in Fig. 3. Clicking on a specific grid cell opens a pop-up displaying detailed information,
including the total number of accessible destinations, the breakdown by category (e.g., public places,
cultural venues, food and drink establishments, and shops), and the size of the walkshed, as shown
in Fig. 4. The map’s coloring scheme—ranging from deep purple (below average) to yellow (above
average)—is indicative and can be customized for different thresholds.

Encounter potential of urban destinations: The third layer visualizes urban destinations and
their encounter potential. Fig. 5 illustrates the destination layer in Amsterdam. Clicking on a
destination reveals detailed information, including (1) the destination’s characteristics, (2) the total
number of people and population groups (e.g., by age) who can access it within a 5- or 15-minute
walk, and (3) the age diversity of these individuals. Each destination is color-coded to indicate
whether the age diversity (or the proportion of children or elderly individuals) of its visitors is
below, near, or above the national average. Users can customize the coloring scheme by selecting
“Age Diversity,” “Children,” or “Elderly” in the top-left menu (Fig. 1). This visualization highlights
the extent to which destinations foster interactions among diverse individuals and groups.



Figure 2: Snapshot from CTwalk depicting the 5 and 15-minute walksheds.

Figure 3: Snapshot from CTwalk Map depicting the population demographics layer for Amsterdam
(left), Rotterdam (middle), and The Hague (right).



Accessible within a 5 minute walk

- Public places: 11
« Culture places: 0
« Food/drink places: 10

- Shops: 19

- Walking Area (m2): 127,640

Total number of places: 40

Figure 4: Snapshot from CTwalk depicting the residences with a low (left) and high (right) number
of accessible destinations (Amsterdam).

Place Info

« Name of Place: Weesperplein
« Category: public
. Subcategory: square

0 can access this place withina 5

+ Number of Children: 230
+ Number of Adults: 2460
« Number of Elderly : 285

Age Diversity: 52.8 %

Figure 5: Snapshot from CTwalk depicting the destinations layer (left) and the co-accessibility
measurements (right) (Amsterdam).



4 Discussion

CTwalk is a versatile tool for evaluating encounter potential and spatial segregation in X-minute
neighborhoods that can be adapted to diverse contexts, applications, or research projects by cus-
tomizing its three core elements. The first involves how accessibility is measured. The methodology
for assessing accessibility can be tailored to include additional factors, such as perceived safety, phys-
ical barriers, or the specific needs of particular groups, like women or children. The second refers to
population group characteristics. The tool can be modified to analyze other demographic dimen-
sions, such as income, ethnicity, or level of education, offering insights into accessibility disparities
across different populations. The third involves the selection of destinations. Destinations can be
refined to focus on specific categories, such as parks, playgrounds, or other essential amenities.

The primary challenge in adapting CTwalk for use in other cities is data availability. For loca-
tions covered by OpenStreetMap—which provides open-access data on location-based amenities and
pedestrian street networks—this challenge largely centers on obtaining high-resolution demographic
data. However, the most significant opportunity lies in advancing how accessibility is measured. By
integrating more nuanced methods that account for variations in accessibility across different pop-
ulation groups, future tools inspired by CTwalk can provide deeper insights into the potential for
social encounters at urban destinations, ultimately supporting more inclusive and equitable urban
planning.
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