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Abstract

With industrial transformation and the rise in the 15 min community life circle, optimizing
walkability and preserving industrial heritage are key to revitalizing former industrial areas.
This study, focusing on Shijingshan District in Beijing, proposes a walkability evaluation
framework integrating multi-source big data and street-level perception. Using Points
of Interest (POI) classification, which refers to the categorization of key urban amenities,
pedestrian network modeling, and street view image data, a Walkability Friendliness Index
is developed across four dimensions: accessibility, convenience, diversity, and safety. POI
data provide insights into the spatial distribution of essential services, while pedestrian
network data, derived from OpenStreetMap, model the walkable road network. Street
view image data, processed through semantic segmentation, are used to assess the quality
and safety of pedestrian pathways. Results indicate that core communities exhibit higher
Walkability Friendliness Index scores due to better connectivity and land use diversity,
while older and newly developed areas face challenges such as street discontinuity and
service gaps. Accordingly, targeted optimization strategies are proposed: enhancing acces-
sibility by repairing fragmented alleys and improving network connectivity; promoting
functional diversity through infill commercial and service facilities; upgrading lighting,
greenery, and barrier-free infrastructure to ensure safety; and delineating priority zones
and balanced enhancement zones for differentiated improvement. This study presents
a replicable technical framework encompassing data acquisition, model evaluation, and
strategy development for enhancing walkability, providing valuable insights for the revital-
ization of industrial districts worldwide. Future research will incorporate virtual reality
and subjective user feedback to further enhance the adaptability of the model to dynamic
spatiotemporal changes.

Keywords: walkability; 15-min community life circle; multi-source big data; post-industrial
community; spatial optimization

1. Introduction and Literature Review
Amid global urbanization and industrial restructuring, the transformation of indus-

trial districts has become a shared developmental challenge across countries [1,2]. From
the textile district regeneration in Manchester to the automobile factory conversion in
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Detroit, from the revitalization of coal mining sites in Germany’s Ruhr region to the re-
newal of the Yangshupu industrial area in Shanghai, cities worldwide are confronted
with the task of adapting spaces that carry industrial memories to meet the demands of
modern livability [3–5]. This transformation involves not only efficient land use but also
a systematic restructuring of community functions [6]. In this context, the quality of the
pedestrian environment—serving as the key interface between production heritage and
living space—has become increasingly critical in global urban regeneration practices [7].
Both the World Health Organization (WHO) and the United Nations’ 2030 Agenda for
Sustainable Development (SDGs) emphasize the role of walkability in fostering healthy,
livable, and sustainable cities. WHO’s Global Action Plan for Physical Activity highlights
that improving pedestrian networks and street design can promote active mobility and
reduce health risks linked to physical inactivity [8]. Similarly, the Shanghai Declaration
on Promoting Health in the 2030 Agenda stresses that cities and communities are key
health settings, advocating mixed land use, accessible public transport, and high-quality
open spaces to support daily activities [9]. Within the SDGs, Goal 11 (Sustainable Cities
and Communities) and Goal 3 (Good Health and Well-being) further call for enhanced
accessibility of walkable environments and green spaces through planning and policy
innovation [10,11]. Enhancing walkability is thus an important pathway toward building
livable cities and achieving sustainable development [12–14].

In recent years, the concept of the “15-min community life circle” has emerged as
a key principle in urban planning and community development [15,16], aiming to meet
residents’ daily needs within a walkable range [17]. The era of big data has further enriched
urban research methods by providing new tools and sources. Multi-source spatial data
offer more comprehensive and accurate reflections of residents’ behavioral patterns and
the distribution of community facilities, providing a solid data foundation and analytical
support for walkability research [18,19]. Accurately evaluating walkability using multi-
source data and developing optimization strategies holds significant practical value.

1.1. Transformation Challenges of Industrial Districts and Walkability

The regeneration of former industrial neighborhoods has become a pressing issue
within global urban renewal processes. These areas have advantages such as strong trans-
portation accessibility and high land concentration [20], but they also face problems such as
spatial aging, single functions and lack of living services [21]. Cities worldwide are attempt-
ing to convert traditional industrial spaces into diversified urban living environments, with
an emphasis on aligning spatial memory with modern functionality [22]. Nevertheless,
while some progress has been made in functional renewal, walkability has often been
overlooked [23]. Original spatial patterns dominated by factories and vehicular roads
lack pedestrian routes, open spaces, and street vitality, resulting in fragmented, unwalk-
able environments [24]. Studies have shown that introducing high-quality pedestrian
networks, improved street interfaces, and slow-traffic systems can significantly enhance
spatial vitality, attractiveness, and social integration [25].

In China, during the process of land redevelopment in many old industrial zones, the
focus remains primarily on land plot replacement and functional introduction, while the
construction of spatial continuity and the experience of daily travel are overlooked [26,27].
Even with new commercial and office uses, resident engagement remains low due to inade-
quate pedestrian environments [28–30]. Unlike ordinary urban residential areas, industrial
communities, shaped by distinctive historical evolution, spatial patterns, and demographic
composition, often display a production-oriented but life-neglected bias in walkability
planning. This results in a structural imbalance, with essential services such as educa-
tion and healthcare remaining sparse and largely clustered around factory administrative
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centers, thereby creating an island effect with limited coverage. Meanwhile, some areas
undergoing transformation have begun to leverage techniques such as street view image
analysis and space syntax to evaluate and optimize walkability, demonstrating the potential
of walkability improvements to drive community revitalization [31,32]. A core challenge in
industrial district renewal lies in overcoming the scale dilemma and connectivity disruption
created by traditional spatial patterns and reconstructing pedestrian-oriented public space
networks. This is not only vital for enhancing spatial quality but also for improving urban
convenience and social inclusiveness.

1.2. The “15-Min CLC” Concept and Walkability-Oriented Development

As urban planning concepts continue to evolve, the 15 min community life circle
(hereafter referred to as 15 min CLC) has become a leading model for sustainable urban
development [33]. Originally proposed at the first World Cities Day Forum held in Shang-
hai, the 15 min CLC advocates compressing essential urban functions—such as housing,
employment, education, healthcare, and retail—within a 15 min walking distance, thereby
promoting job-housing balance, service accessibility, and daily life convenience while
significantly reducing automobile dependence [33,34]. It shares much in common with
internationally recognized walkability-oriented planning models, including the 15 min city,
the 20 min neighborhood, and Transit-Oriented Development (TOD), all of which empha-
size proximity and accessibility [33,35,36]. However, while the 15 min city focuses more on
chrono-urbanism and mixed-use development at the metropolitan scale, and TOD centers
around high-density development near transit hubs, the 15 min CLC is more grounded in
the Chinese planning context, with a stronger focus on equitable service facility distribution
and community-level governance integration [37]. These conceptual parallels suggest that
the CLC model, while rooted locally, offers a flexible and adaptable framework that can
inform walkability-oriented planning practices in diverse global urban contexts.

Walkability is a core indicator for evaluating the implementation of the 15 min
CLC [38,39]. In recent years, cities have increasingly employed GIS tools and Walk Score
models to quantify travel time and distance to essential facilities, assessing the completeness
and equity of urban service networks. For instance, Parma, Italy, used a GIS-based model
to evaluate spatial and temporal access to public services from residential locations [21]. In
Barcelona’s Sant Marti district, open-source GIS and simulation tools were utilized to assess
facility layout rationality, providing refined urban renewal guidance [40]. In Pasay, Manila,
scholars developed a 15 min CLC using age-based walking speeds and facility weights,
revealing that over 90% of the city achieved medium-to-high service accessibility [41].

In China, the 15 min CLC has been promoted since 2016 as a people-oriented strategy
for healthy and livable cities [42], now embedded in land spatial planning and community
governance. Taking Suzhou as an example, researchers constructed a walking accessibility
evaluation model for living circles from the perspective of the elderly based on semantic
segmentation of street view images and deep learning methods, emphasizing the important
role of daily service facilities for vulnerable groups [42]. In Baoding, the research team
evaluated the layout of service facilities in more than 1000 communities using POI data,
found that there was insufficient supply of some types of facilities, and put forward targeted
optimization suggestions [43]. In addition, a study in Nanjing introduced the three-step
floating catchment area model and combined it with crowd behavior data to build a multi-
dimensional supply–demand matching evaluation system, aiming to improve the fairness
and service response capacity of living circles [44].
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1.3. Walkability Research Driven by Multi-Source Data

With the diversification of urban data sources and the advancement of AI technologies,
walkability research based on multi-source data has emerged as a significant direction
in urban planning. Traditional evaluation methods rely heavily on field surveys and
questionnaires, which are often costly and time-consuming. In contrast, multi-source data
significantly improves both the efficiency and precision of assessments [45].

In recent years, scholars have increasingly sought to construct more comprehensive
walkability evaluation frameworks by integrating methods such as street-view imagery,
GIS-based spatial analysis, POI data, and the Time-weighted Walkability Index (T-WSI). For
example, researchers combining street-view images, space syntax, and GIS systematically
assessed the walkability of historic districts, revealing that high-walkability areas were
concentrated in core tourist zones and closely correlated with the distribution of historic
buildings [46]. A review on the application of big data and machine learning in walkability
research highlighted that street-view images and POI data are the most widely used sources,
while machine learning has enhanced automation and accuracy in evaluation; however,
challenges remain regarding data acquisition, model customization, and cross-regional
standardization [47]. Furthermore, empirical studies employing T-WSI confirmed its
high reliability and reproducibility in cross-temporal comparisons, making it suitable for
monitoring changes in community walkability in response to policy interventions [48].

In light of existing scholarship, we identify three primary research gaps. First, the
collection and processing of diverse data types still lack standardized protocols, which
undermines the comparability of walkability assessments across cities and regions. Second,
most existing walkability evaluation tools are designed for conventional urban neigh-
borhoods and remain insufficiently tailored to post-industrial communities. Third, the
synergies between the 15 min CLC concept and the renewal of industrial heritage have not
yet been systematically explored. Addressing these gaps, this study proposes a multi-source
data–driven framework for evaluating walkability in post-industrial communities. The
framework integrates both functional accessibility and residents’ perceptual experiences,
while exploring how the 15 min CLC approach can be aligned with industrial heritage
preservation and community regeneration, thereby providing new theoretical perspectives
and practical pathways for sustainable urban transformation.

2. Data and Methods
2.1. Research Area and Analytical Framework
2.1.1. Study Area

As the key industrial core in Beijing and one of the most famous mega industrial
districts in Northern China, Shijingshan once hosted large enterprises such as Shougang
and Shijingshan Power Plant [49], resulting in densely distributed industrial communities
with a typical factory-residence mix. The district now serves as a benchmark case for large-
scale industrial heritage transformation in China. By revitalizing industrial heritage and
addressing issues such as spatial enclosure, functional monotony, and environmental legacy,
the district aims to enhance residents’ walking experiences and overall community livability.
This study selects five typical residential communities as the core study units: Yuanyang
Shanshui, Wuli Chunqiu, Laogucheng Courtyard Area, Rongjingcheng Community, and
the International Talent Community. These communities reflect diverse spatial types:

• Yuanyang Shanshui represents a high-density built-up area;
• Wuli Chunqiu exemplifies a low-density ecological neighborhood;
• Laogucheng is a sample of an unrenovated, aging courtyard housing area;
• Rongjingcheng showcases a newly developed high-quality residential compound;
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• International Talent Community represents a newly constructed neighborhood adja-
cent to an industrial park.

Together, these five communities span a wide spectrum of geographical distribution,
morphological features, and functional conflicts, providing a typical and differentiated
sample set for analyzing the spatial heterogeneity of walkability.

2.1.2. Analytical Framework

The research framework is illustrated in Figure 1. First, representative communities
are selected as research units, and 15 min CLCs are constructed for each community using
OSM pedestrian network data and a walking speed of 1.3 m/s through the shortest path
algorithm to define the spatial scope. Second, four walkability dimensions are quantified,
including accessibility (measuring the distance to key facilities within the CLCs using
the shortest path based on cleaned and categorized POI data), diversity (assessed via the
entropy index of POI functional mix), convenience (evaluated through road network and
intersection density from OSM data), and safety (measured by sidewalk completeness
and crossing facility coverage extracted via semantic segmentation of street view images
collected at 100 m intervals). Finally, all dimension indicators are normalized to the [0–1]
range using min-max normalization, and the Walkability Friendliness Index (WFI) for each
community is calculated by weighted summation with weights assigned via the Analytic
Hierarchy Process (AHP). The WFI results are then used to classify communities into
different walkability levels to identify spatial differences.

Figure 1. Research framework.

2.2. Data Sources and Processing

A key data type for measuring the 15 min CLC is POI data, which reflect the spatial
distribution of life-related service facilities in the urban context [47]. The original POI
dataset was obtained from Gaode Map, a widely used mapping platform in mainland China.
Following existing literature [50,51], we reclassified the raw POI dataset into six major
categories based on functionality (i.e., Commercial services, Medical and health services,
Educational and cultural facilities, Recreational and entertainment venues, Transportation
facilities, Daily convenience services). During preprocessing, duplicate entries, invalid
points, and POIs without geographic coordinates were removed to ensure data accuracy.
To mitigate potential incompleteness of POI datasets (e.g., update lags or missing facilities),
the cleaned data were cross-validated against government statistical yearbooks and official
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facility lists of Shijingshan District, while key public service facilities were further confirmed
through sample field surveys. Table 1 provides details of the POI categories and their
corresponding sub-categories.

Table 1. Description of the six POI categories.

POI Category POI Sub-Category Description

Commercial services Shopping centers, Supermarkets, Restaurants, Cafés, Retail stores, Banks

Medical and health services Hospitals, Clinics, Pharmacies, Community health centers

Educational and cultural Kindergartens, Primary schools, Secondary schools, Universities,
Training institutions

Recreational and entertainment Parks, Public squares, Libraries, Museums, Cultural centers, Art galleries,
Theaters, Cinemas, Gyms, Stadiums, Children’s playgrounds, KTV

Transportation facilities Metro stations, Bus stops, Railway stations, Long-distance bus terminals

Daily convenience services Convenience stores, Grocery shops, Barber shops, Post offices, Laundries

Pedestrian road network data were sourced from the open platform OSM and extracted
using the OSMnx library to generate walkable network maps. These were used to calculate
road network density, intersection density, and to construct 15 min isochrone zones. Street
view images were collected from the Baidu Street View platform. To ensure systematic and
representative coverage, sampling points were set at 100 m intervals along the processed
pedestrian road network. A total of 257, 191, 248, 231, and 187 valid street view images were
collected for Wuli Chunqiu, International Talent Community, Laogucheng Courtyard Area,
Rongjingcheng, and Yuanyang Shanshui, respectively. Using deep learning-based image
recognition models, we extracted indicators such as sidewalk continuity and pedestrian
crossing coverage to assess the visual safety and comfort of streets. The image sampling
points were spatially matched to the road network nodes to ensure logical consistency in
spatial analysis, and blurred or outdated scenes were eliminated through manual spot-
checking. In total, 1114 valid street view images were collected across the five communities.
Government statistics were obtained from the official website of Shijingshan District,
including data on population, land use, and administrative boundaries. These were used
to validate the spatial datasets and ensure adequate coverage. All data were unified in a
GIS environment using consistent spatial projection, spatial matching, and vectorization
procedures, laying the foundation for subsequent walkability accessibility analysis and
WFI calculation.

2.3. Walkability Evaluation Indicator System

To comprehensively assess the pedestrian environment at the community scale, this
study builds on international frameworks such as Walk Score [52,53], NEWS (Neighbor-
hood Environment Walkability Scale) [54], and PERS (Pedestrian Environment Review
System) [55,56]. Combined with the availability and quantifiability of big data, a multi-
level walkability evaluation indicator system was developed. It consists of four primary
dimensions—Accessibility, Convenience, Diversity, and Safety—and corresponding sec-
ondary indicators. Accessibility captures the ease with which residents can reach essential
urban services, such as education, healthcare, and commercial facilities, within a 15 min
walking distance. Diversity reflects the functional richness of the built environment, em-
phasizing the coexistence of multiple types of facilities that enable residents to satisfy
daily needs locally. Convenience emphasizes the efficiency and continuity of the pedes-
trian network, measured through road and intersection density as proxies for connectivity
and route choice. Safety focuses on the presence of pedestrian-supportive infrastructure,
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such as sidewalks and crossing facilities, that reduce walking risks and support a secure
walking environment.

To assign weights, the AHP was adopted. This method allows for the systematic
integration of expert knowledge into the weighting process by comparing the relative
importance of each indicator in a pairwise fashion. Specifically, a group of 10 experts was
invited to participate, including scholars in urban planning, transportation engineering,
environmental psychology, and public health. Experts were selected based on two criteria:
(1) participants were required to have a solid theoretical understanding of the AHP method
and walkability research frameworks; and (2) prioritizing those with direct research or
project experience in the study area (to ensure their judgments reflect the case community’s
specific characteristics and practical needs) as well as professional or research experience
in urban walkability and community planning. Each expert independently conducted
pairwise comparisons using Saaty’s 1–9 scale, and their inputs were aggregated via the
geometric mean. After passing the consistency check (CR < 0.1), the final weight distribution
across each dimension and indicator was determined (Table 2).

Table 2. Walkability Evaluation Indicators and Weight Distribution.

Primary Dimension Secondary Indicator Data Source Calculation Method and
Description Weight

Accessibility
Accessibility to

educational, medical,
commercial facilities

POI + Road
Network API

Calculate the shortest path to
the nearest facility using actual

pedestrian network; assess
whether it is within a 15 min

walk zone

0.30

Diversity Functional mix index POI data

Use entropy index to measure
the proportion and distribution
of various POI types within the

area

0.25

Convenience
Road network

density, intersection
density

Open Street Map

Calculate total road length and
number of intersections per
unit area to reflect network

connectivity and accessibility

0.25

Safety

Sidewalk
completeness,

crossing facility
coverage

Street view
images

Use deep learning models to
identify pedestrian areas in

street view images and
measure their proportion

0.20

2.4. Walkability Accessibility Analysis Method

This study evaluates residents’ walkable accessibility to daily life facilities by con-
structing 15 min CLCs based on real pedestrian road networks. Pedestrian street network
data were extracted from OSM using the OSMnx (v2.0.6) Python library, which allows for
detailed representation of walkable paths and intersections. For each of the five selected
residential communities, the community centroid was used as the origin point. A walking
speed of 1.3 m/s—consistent with prior studies on average adult walking speeds—was
applied to set a 15 min time threshold, corresponding to a maximum walking distance
of approximately 1170 m. A Dijkstra-based shortest-path algorithm was then used to
identify all reachable nodes and edges within the threshold along the street network. The
resulting walkable catchment areas provide a realistic simulation of the daily activity range
for residents. On average, the radii of these walk zones were between 1.1 and 1.2 km,
accounting for the spatial layout and connectivity of the urban street network.
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In the accessibility evaluation, the cleaned and functionally categorized POI data were
spatially mapped within each isochrone. The number and density of different types of
facilities were then calculated for each 15 min life circle. Furthermore, kernel density maps
of POI distributions were generated through spatial overlay analysis, allowing for the
identification of service blind spots and well-served zones within and along the boundaries
of each isochrone.

2.5. Calculation Method of Walkability Friendly Index

To comprehensively reflect the overall quality of the pedestrian environment in each
community, this study constructs a WFI by integrating multiple secondary indicators
under four primary dimensions: Accessibility, Convenience, Diversity, and Safety. The
WFI is a composite index newly proposed in this study, tailored to high-density urban
contexts and developed in response to limitations observed in existing walkability measures
such as Walk Score, PLOS, and Walk Index. While traditional indices often rely on fixed
service categories or overlook localized pedestrian infrastructure, the WFI incorporates
both functional accessibility (via POI data) and street-level physical environment features
(extracted from semantic analysis of street view images), offering a more granular and
context-sensitive representation of walkability. By combining data-driven indicators and
expert-informed weighting through AHP, the WFI provides an adaptable framework that
reflects actual walking conditions in diverse community settings.

First, all indicators were normalized to a [0–1] range using min–max normalization,
ensuring comparability across different units. The normalization formula is as follows:

X′
i =

Xi − Xmin
Xmax − Xmin

(1)

where X′
i is the normalized value of indicator i, and Xmax and Xmin are the minimum and

maximum values of the indicator. The overall WFI score for each sample unit was then
calculated using the weighted linear combination method:

WFI =
n

∑
i=1

wi·X′
i (2)

where wi denotes the weight of indicator i, and X′
i is the corresponding normalized score.

Based on the WFI results, communities were categorized into high, medium, and low
walkability levels. This classification was used to identify spatial differentiation and inform
targeted improvement strategies.

In order to verify the reliability of the proposed walkability evaluation model, we
introduced pedestrian flow data derived from Baidu Huiyan heatmap as an external
validation source. Specifically, two days were selected: 18 April 2025 (a weekday) and
19 April 2025 (a weekend day). The pedestrian flow totals of the five sample communities
were extracted, and their relationship with the calculated WFI values was analyzed. This
cross-check provided a basis for testing whether the model’s outputs correspond to actual
population activity patterns.

3. Empirical Analysis: Measuring Community Walkability in
Shijingshan District
3.1. Spatial Analysis of Walkable Accessibility

This study selects five representative communities in Beijing’s Shijingshan District as
the core sample units for analysis: 1⃝ Wuli Chunqiu Community; 2⃝ International Talent
Community; 3⃝ Laogucheng Courtyard Area; 4⃝ Rongjingcheng Residential Compound;
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5⃝ Yuanyang Shanshui Community. Based on the actual pedestrian road network and a pre-
set average walking speed of 1.3 m/s, 15 min life circles were generated from the centroid of
each community, as illustrated in Figure 2. These life circles provide an accurate simulation
of residents’ daily walkable access to surrounding facilities and commuting range.

Figure 2. Study area and boundaries of the 15 min CLC for five selected communities.

The statistics of POI categories within each life circle (Table 3) demonstrate distinct
quantitative differences among communities. Yuanyang Shanshui Community shows
the largest number of facilities across all categories, including 458 commercial services,
498 daily convenience services, and 121 educational facilities. Wuli Chunqiu Community
records the lowest overall facility count, with particularly small numbers in transportation
(26) and medical services (22). Laogucheng Courtyard Area, although centrally located,
presents a relatively low facility density, with a modest concentration in education and
daily convenience services (16 medical POIs). Rongjingcheng Residential Compound
and International Talent Community, both newly developed neighborhoods, contain a
comparatively limited range of supporting facilities due to their recency of construction.

Table 3. Number of POIs by category within each 15 min life circle.

Community Commercial
Services

Medical
and Health

Services

Educational
and

Cultural
Facilities

Recreational
and Enter-
tainment
Venues

Transportation
Facilities

Daily Con-
venience
Services

Total POIs

Wuli Chunqiu
Community 197 22 32 144 26 167 588

International Talent
Community 14 0 7 21 16 14 58

Laogucheng
Courtyard Area 188 16 48 159 41 170 622

Rongjingcheng
Residential
Compound

55 3 9 7 3 64 141

Yuanyang Shanshui
Community 458 65 121 420 133 498 1695
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From the POI kernel density maps (Figure 3), further spatial patterns can be observed:
Yuanyang Shanshui exhibits a “composite core” distribution of service facilities, with
high-density clusters located in the center and northern areas of the isochrone, closely
associated with metro stations and large commercial complexes. Wuli Chunqiu Community
shows overall low facility density, with a localized concentration in its southern residential
area. However, the scattered distribution of educational and medical services results in
limited practical accessibility. Laogucheng Courtyard Area, constrained by narrow streets,
concentrates most facilities in the northeast corner, forming clear service gaps across the rest
of the area. Rongjingcheng Residential Compound exhibits fragmented coverage and lacks
integrated service clusters. International Talent Community, due to its specialized planning
orientation, suffers from a severe shortage of public service facilities and demonstrates the
lowest overall accessibility among the samples.

Figure 3. Density maps of various POI cores.

In summary, the comparative analysis indicates that Yuanyang Shanshui currently
provides the highest overall walkable accessibility, while Laogucheng retains a moderate
level with uneven spatial distribution. Wuli Chunqiu exhibits low accessibility relative to
its ecological scale, and both Rongjingcheng and International Talent Community show
weak accessibility levels linked to their development stage.

3.2. WFI Results and Analysis

The WFI was calculated across the four dimensions of Accessibility, Diversity, Conve-
nience, and Safety. The results (Table 4) reveal clear inter-community differences. Yuanyang
Shanshui achieves the highest total WFI score (0.7853), with particularly strong perfor-
mance in Accessibility (0.7400) and Diversity (0.8775). Wuli Chunqiu obtains a relatively
high Diversity score (0.8303), but its Accessibility (0.5519) and Convenience (0.4520) re-



Buildings 2025, 15, 3143 11 of 19

main comparatively low. Laogucheng Courtyard Area presents balanced values overall,
though its Safety score (0.4500) is notably weaker. Rongjingcheng reports low values across
all dimensions, with Safety (0.5400) being its only moderately strong indicator. Interna-
tional Talent Community has the lowest overall score (0.3010), with all four dimensions
reflecting limited walkability. These results confirm that Yuanyang Shanshui ranks as the
most walkable community among the sample set. Laogucheng maintains a middle-level
walkability profile, while Wuli Chunqiu combines relatively strong functional diversity
with low accessibility and convenience. Rongjingcheng and International Talent Com-
munity, as newly developed or specialized neighborhoods, currently show the weakest
walkability performance.

The analysis showed a strong positive correlation between pedestrian flow and WFI
values. Pearson correlation results indicated r = 0.887, p < 0.001, with an explained variance
of approximately R2 = 0.787. Figure 4 illustrates the scatter plot of WFI values against
pedestrian flow for the five sample communities across two days. Each community is
represented with distinct colors, and the fitted regression line highlights the positive
trend. These results indicate that communities with higher pedestrian flows tend to exhibit
higher WFI values, aligning closely with the dimensional analysis. For example, Yuanyang
Shanshui, which scored the highest in Accessibility and Diversity, also attracted the largest
pedestrian flows, validating its superior walkability. By contrast, International Talent
Community and Rongjingcheng, with consistently low WFI values, reported the lowest
population flows, confirming the weak walkability of newly developed or specialized
neighborhoods. This convergence between modeled WFI scores and empirical pedestrian
data supports the reliability and explanatory power of the proposed model.

Figure 4. Scatter plot of WFI values and pedestrian flow with linear fit.

Table 4. WFI Scores of the selected communities.

Community Accessibility Diversity Convenience Safety WFI

Wuli Chunqiu Community 0.5519 0.4520 0.8303 0.6500 0.6161
International Talent Community 0.1650 0.3260 0.2500 0.5300 0.3010

Laogucheng Courtyard Area 0.6799 0.7920 0.8572 0.4500 0.7063
Rongjingcheng Residential Compound 0.2740 0.1520 0.3520 0.5400 0.3162

Yuanyang Shanshui Community 0.7400 0.8560 0.8775 0.6500 0.7853
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3.3. Spatial Differentiation Patterns

Communities in Shijingshan District exhibit significant spatial disparities in walkabil-
ity. Yuanyang Shanshui, located in the urban core, demonstrates a notably higher WFI than
the peripheral Wuli Chunqiu community, forming a distinct “center–periphery” gradient
that reflects imbalances in spatial resource allocation. Areas characterized by the clustering
of facilities—such as commercial complexes and metro stations—show markedly better
walkability performance than those with dispersed functions, underscoring the decisive
role of functional agglomeration in shaping walking-friendly environments.

Communities developed in different eras exhibit varying limitations. In aging neigh-
borhoods like Laogucheng, although centrally located, narrow alleyways and outdated
functions constrain overall walkability. Conversely, newly developed areas such as
Rongjingcheng suffer from mismatches between residential development and support-
ing infrastructure, falling into a “development gap period” where functional monotony
prevails due to delayed road and service construction. Specialized communities also face
functional segregation; for instance, the International Talent Community, despite offering
high-end amenities, provides mostly exclusive public services and lacks open, inclusive
pedestrian spaces, thereby diminishing the quality of public walking experiences.

It is worth noting that ecological advantages do not necessarily translate into walk-
ability benefits. Wuli Chunqiu, though abundant in green spaces, suffers from a lack of
basic life services, leading to deficiencies in both accessibility and functional diversity. This
highlights the need for ecological assets to be synergized with everyday service functions
to generate true pedestrian value.

These spatial characteristics provide precise targets for optimization and emphasize
that the construction of 15 min CLC must balance functional integration, spatial accessi-
bility, and environmental perception. Moving forward, differentiated strategies should be
adopted for different community types: bridging the “growth deficits” of new develop-
ments, addressing the “historical debts” of old neighborhoods, and avoiding the “functional
isolation traps” of high-end communities. A coordinated enhancement of walkability can
be achieved through public resource supplementation and the fine-grained stitching of
pedestrian networks.

4. Discussion
Based on the empirical assessment of walkability across five representative com-

munities in Shijingshan District, both the disparities and commonalities in pedestrian
environments have become increasingly apparent. By probing the underlying causes,
this section systematically identifies the key issues and proposes targeted optimization
strategies, providing a scientific foundation for community micro-renewal and policy
formulation in the district.

4.1. Existing Problems in the Walking Environment

The current walking environment in Shijingshan’s communities exhibits four major issues:

(1) Functional Monotony and Service Gaps in Facility Distribution: The Wuli Chunqiu
community, although rich in greenery, suffers from a severe shortage of essential
service facilities within its 15 min isochrone. Specifically, there are only 32 educa-
tional POIs and 22 medical POIs, in stark contrast to Yuanyang Shanshui, which has
121 educational and 65 medical POIs. This reflects a prominent contradiction between
“ecological priority and lacking amenities.” Although the Laogucheng courtyard dis-
trict performs slightly better in terms of educational and convenience facilities, it has
only 16 medical POIs and 41 transportation POIs, with most resources concentrated in
the northeast, leaving the southwest area nearly as a “service void.” While Yuanyang
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Shanshui is generally well-equipped, some peripheral buildings are spatially sep-
arated from the commercial core, requiring residents to walk significantly longer
distances for comparable services. Rongjingcheng presents a highly homogeneous
land use pattern, forcing residents to rely on distant services for basic needs such as
shopping and medical care, resulting in a fragmented pedestrian life circle.

(2) Street Network Fragmentation and Poor Connectivity: The bungalow area in
Laogucheng follows the traditional hutong pattern [57]. Though it appears to have a
regular grid layout, in reality, some hutong entrances are blocked by courtyard walls
or have even vanished, forcing pedestrians to detour hundreds of meters to reach adja-
cent blocks, which significantly reduces travel efficiency. While Wuli Chunqiu’s street
layout appears orderly, internal roads lack effective linkage with external arterials.
Greenbelts and fences separate the neighborhood from surrounding streets, restricting
access to only a few fixed gates and preventing the formation of a truly interconnected
pedestrian network. In Rongjingcheng, numerous discontinuities between internal
roads and major arterials mean that residents must detour 1.2 km to reach the nearest
metro station.

(3) Inadequate Crosswalk Facilities and Safety Hazards: The lack of pedestrian infras-
tructure further exacerbates uncertainty in the walking experience. In Laogucheng,
many main roads lack crosswalks or pedestrian signals, increasing the risk of traf-
fic collisions—especially at night or during inclement weather—due to poor street
lighting and damaged road surfaces. In Wuli Chunqiu, the absence of physical sep-
aration between sidewalks and motorways leads to frequent pedestrian–nonmotor
vehicle conflicts. Moreover, the lack of anti-slip features causes icy surfaces in winter,
increasing the risk of falls. Although pedestrian islands exist along Yuanyang Shan-
shui’s commercial streets, intersections within the residential area experience serious
pedestrian–vehicle mixing, insufficient lighting, and unclear signage. These issues
collectively compromise nighttime safety, especially during rush hours or holidays.

(4) Enclosed Boundaries and Deficiency of Public Spaces in Aging Communities: Rigid
spatial enclosures and a lack of public spaces pose significant obstacles to community
vibrancy. In both Laogucheng and Wuli Chunqiu, enclosed management systems
restrict entry to only one or two fixed gates. Residents must detour around large
perimeter walls to access main roads, compressing pedestrian movement within the
blocks. Furthermore, the absence of open plazas or pocket parks means that daily
social and recreational needs are unmet. Although Yuanyang Shanshui features a
central commercial square, it primarily serves shoppers and offers limited benefits
to residents in peripheral buildings. As a result, community vibrancy is overly
concentrated in the core, leaving the outer zones lacking in appeal.

4.2. Optimization Strategy Recommendations

To address the aforementioned issues, it is essential to advance in a coordinated
manner across four key dimensions—enhancing community accessibility, diversifying
service provision, improving streetscape safety, and implementing differentiated gov-
ernance. These efforts aim to achieve both short-term improvements and long-term
sustainable development.

Enhancing Accessibility: Improving accessibility is critical to resolving street fragmen-
tation and poor road network connectivity [58]. In the Old City Courtyard Area, basic street
lighting and surveillance cameras are proposed to enhance safety during nighttime travel.
Wuli Chunqiu Community should add new pedestrian entrances to link the community
center with surrounding secondary roads, while installing shared bicycle racks, bulletin
boards, and benches at key nodes to create multifunctional “community stations” that
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integrate people, mobility, and information. In Yuanyang Shanshui Community, pedes-
trian barriers and zebra crossings have been added at intersections of secondary and
arterial roads. Barrier-free upgrades have been implemented for areas with steps or exces-
sive slopes, including flush ramps and tactile paving to ensure safe passage for all users.
Rongjingcheng and the International Talent Community should accelerate surrounding
road construction and upgrade crossings, signals, and lighting to improve walkability
and safety.

Diversifying Services: To enhance service diversity, emphasis is placed on improv-
ing basic infrastructure and introducing cultural, recreational, and sports facilities. In
the Old City Courtyard Area, a one-stop convenience center integrating clinics, reading
and game rooms can be established, while fragmented vacant land can be converted into
pocket parks and fitness stations to meet residents’ needs for exercise and social interac-
tion. Rongjingcheng and the International Talent Community should prioritize the rapid
introduction of essential life-support services within their 15 min CLC, while repurposing
underutilized plots into cultural and recreational facilities, and peripheral squares with
illuminated running tracks and mobile stages that can host outdoor performances and
nighttime events, thereby enhancing functional diversity, promoting cross-community
interaction, and distributing community vitality more evenly.

Improving Streetscape Safety: Streetscape safety is a fundamental prerequisite for
creating pedestrian-friendly environments [59,60]. In both the Old City Courtyard Area and
Wuli Chunqiu Community, street lighting and pavement safety have been systematically
upgraded. Energy-efficient LED streetlights with integrated smart sensors have been
installed along major streets and alleyways to automatically adjust brightness based on
pedestrian presence. In the Old City area, regular pruning of roadside trees ensures visibility
and adequate lighting, while in Wuli Chunqiu, vertical greenery and climbing plants have
been introduced along fences and greenbelts to improve aesthetics and mitigate noise.
Across all communities, sidewalks have been comprehensively inspected to eliminate
cracks, potholes, and drainage issues. Paving has been standardized with permeable and
anti-slip materials, and accessibility improvements have been made at curb ramps and
pathway junctions to ensure barrier-free movement.

Implementing Differentiated Strategies: Communities are divided into “key optimiza-
tion zones” and “balanced improvement zones” based on their respective challenges and
priorities. Peripheral secondary roads in the Wuli Chunqiu Community and the northeast–
southwest fault corridor of the Old City area are identified as key optimization zones. These
zones focus on road network reconnection, infrastructure enhancements, and safety facility
upgrades. Residents are invited to participate in “walking experience surveys” to provide
feedback and refine planning strategies [59]. Meanwhile, the peripheral blocks of Yuanyang
Shanshui and the central alleyways of the Old City are designated as balanced improve-
ment zones, where micro-renovation projects will update paving, reintroduce greenery,
and install smart lighting and anti-slip materials to incrementally enhance walkability.

At the same time, low-cost and quick-win interventions (such as lighting upgrades,
the addition of pedestrian entrances, and pocket parks) should be prioritized for imme-
diate implementation. Medium-cost strategies (such as community farmers’ markets and
convenience service centers) require coordination between municipal funding and local
committees and are thus more suitable for phased introduction. High-cost strategies (such
as large-scale road network reconnection or district-wide LED retrofits) should be incor-
porated into long-term urban renewal programs. A preliminary cost–benefit assessment
suggests prioritizing interventions that yield significant improvements in walkability while
imposing relatively low fiscal burdens, thereby ensuring both efficiency and sustainability.
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Drawing on international experiences of post-industrial neighborhood regeneration,
the proposed strategies exhibit notable commonalities and comparability. In Liverpool and
the Ruhr area, for instance, the enhancement of street lighting, pedestrian networks, and
public space design has improved both safety and comfort for residents [61]. Similarly,
in Japan, regeneration efforts in post-industrial districts have emphasized barrier-free
design and pedestrian-oriented principles to safeguard mobility rights across different
population groups [62]. In smaller post-industrial American cities such as Lawrence,
Massachusetts, and Flint, Michigan, a holistic approach to housing revitalization combined
with the introduction of community services has significantly enhanced residents’ quality
of life [63]. However, international experiences also demonstrate that an overemphasis
on economic growth and land development objectives can lead to social exclusion and
the erosion of local cultural identity. In some Central and Eastern European contexts,
speculative redevelopment has resulted in large-scale demolitions and the fragmentation
of communities [62]. Therefore, in advancing community regeneration, China should avoid
repeating the pitfall of focusing solely on economic indicators and instead place greater
emphasis on social equity, cultural continuity, and the preservation of community identity.

5. Conclusions
This study developed a multi-source data–driven framework to evaluate walkability

within 15 min CLCs and applied it to five representative communities in Beijing’s Shijing-
shan District. The results highlight significant variations in walkability across different
community types: Yuanyang Shanshui ranks as highly walkable, due to its high degree of
functional mix, well-connected road network, and strong street-level safety. Old Gucheng
Courtyard shows moderate walkability, constrained by aging alleyways and safety risks.
Wuli Chunqiu exhibits the contradiction of “ecological advantage but lacking infrastruc-
ture,” while Rongjingcheng and the International Talent Community face walkability
challenges stemming from either delayed development or functionally exclusive planning.

Methodologically, this study constructs a WFI to comprehensively capture the overall
quality of the pedestrian environment in each community by integrating multiple sec-
ondary indicators across four primary dimensions: accessibility, convenience, diversity,
and safety. Compared with conventional approaches relying on single indicators or sub-
jective surveys, this framework enables a multidimensional evaluation that captures both
macro-level spatial structures and micro-level pedestrian experiences. It therefore pro-
vides a replicable and visualized paradigm for studying walkability in post-industrial
communities. Practically, the findings offer data-driven support and actionable policy
insights for urban planning, with particular relevance to the design of 15 min community
life circles, the development of green transport systems, and street-level renewal initiatives.
By pinpointing context-specific strengths and deficiencies across study areas, this research
proposes targeted intervention strategies—ranging from infrastructure supplementation in
underserved zones to the replication of successful practices from high-performing com-
munities. Such recommendations not only provide valuable guidance for domestic urban
renewal efforts but also hold implications for post-industrial regeneration endeavors in
international contexts.

Nevertheless, this study has certain limitations. First, the semantic segmentation of
street view images may encounter recognition errors under complex visual conditions.
Moreover, safety is also influenced by external factors such as lighting conditions and safety
signage, which were not fully captured in this study. Future research should place greater
emphasis on subjective experiences—such as perceived comfort and safety—to better
account for micro-level differences in pedestrian environments. Furthermore, the current
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WFI model does not account for dynamic spatiotemporal factors such as holidays, extreme
weather, or large-scale events, weakening its responsiveness to environmental changes.

To address these limitations, future studies could expand in several directions. Pri-
ority should be given to participatory approaches such as community walking tours and
structured interviews, which integrate residents’ subjective perceptions into the analytical
framework. Building on this, VR simulations may be introduced to capture immersive eval-
uations and strengthen the connection between objective indicators and experiential data.
Subsequently, incorporating temporal dynamics—such as holidays, construction activities,
and weather events—into WFI calculations, together with IoT sensors and big data plat-
forms, could enable real-time monitoring of pedestrian flows and environmental quality,
providing fine-grained, time-sensitive evidence to support the continuous optimization of
walkable communities.
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