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Abstract

High-density central business districts (CBDs) often appear highly walkable because they
combine transit accessibility, functional density and active frontages. Yet their pedestrian
environments may lose usability under routine disturbances such as crowding, e-bike
encroachment, blind-path obstruction and effective-width erosion. This study reframes
walkability as baseline pedestrian capacity and everyday resilience as the ability of that
capacity to remain safe, continuous, inclusive and comfortable under ordinary urban stres-
sors. Taking Beijing Guomao as a case, we integrated a field street audit, sidewalk-width
measurement, route timing, traffic-interference observation, POI-based vitality assessment
and 145 valid questionnaires. The objective indicator table produced a capacity-oriented
score of 0.868 on a 0–1 scale, while the perception index was 3.17/5. The gap was explained
by weak disturbance-sensitive indicators: non-motorized vehicle intrusion (0.46), blind-
path continuity (0.60), motor-vehicle encroachment (0.67) and acoustic comfort (0.72). Field
measurements showed mean physical and effective sidewalk widths of 3.62 m and 2.36 m,
respectively. The mean section-level width loss was 30.9%, while the maximum loss of
88.2% occurred at one severely obstructed section, where the effective width was 0.50 m.
The findings suggest that CBD pedestrian improvement should shift from facility provision
to operational resilience through width recovery, micromobility governance, barrier-free
continuity and last-mile route integration.

Keywords: walkability; pedestrian infrastructure resilience; spatial disorder; high-density
CBD; built environment; street audit; transit-oriented development; Beijing Guomao;
sustainable urban planning

1. Introduction
Walking is the elementary mode through which urban residents access public trans-

port, workplaces, retail services, civic spaces, and everyday social life. In compact and
transit-rich districts, pedestrian infrastructure is therefore not merely an amenity but a
precondition for low-carbon mobility, public-space quality, and equitable access [1–5]. The
research literature has long associated walkability with connectivity, density, mixed land
use, accessibility, safety, comfort, and urban design qualities such as imageability and hu-
man scale [6–11]. Meta-analytic evidence further confirms that travel behavior and walking
activity are strongly shaped by the built environment across diverse urban contexts [12].
These dimensions remain indispensable, but they do not fully explain how pedestrian
environments perform under the intense and fluctuating loads of high-density CBDs.
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CBDs such as Beijing Guomao present a distinctive paradox. Their regional transit acces-
sibility, commercial density, and high level of service provision can produce strong walkability
potential. At the same time, concentrated commuting flows, complex ground-floor interfaces,
micromobility parking, delivery activities, taxi pick-up and drop-off, underground/ground-
level route fragmentation, and temporary construction can substantially reduce actual pedes-
trian capacity. The difference between nominal facility provision and operational usability is
especially important for resilient and sustainable urban planning. A sidewalk that is physi-
cally wide but functionally narrowed by bicycles, poles, commercial spillover, or blind-path
occupation cannot be considered resilient simply because it exists.

Resilience has been interpreted differently across engineering, ecological, and urban
studies, including the capacities to resist disturbance, recover functionality, adapt to chang-
ing conditions, and support longer-term transformation [13–18]. This conceptual diversity
does not preclude empirical application, but it requires each study to clarify the system
function and stressors under consideration [14,17–19].

Accordingly, this paper integrates conventional walkability assessment with an
everyday-resilience perspective. Everyday pedestrian infrastructure resilience is defined
here as the capacity of the pedestrian system to sustain safe, continuous, legible, inclusive,
and comfortable movement under recurring urban pressures. The study focuses on the
operational expression of resilience, in which robustness—the ability to retain essential
functions during disturbance—is particularly relevant. The disturbances examined include
effective-width erosion and crowding, route and blind-path discontinuity, motorized and
micromobility conflicts, and environmental discomfort. This perspective extends pedes-
trian resilience analysis from exceptional emergencies to the routine operating conditions
of high-density urban centers.

Beijing Guomao, located in Jianwai Subdistrict, Chaoyang District, is a representative
high-density CBD and a major interchange environment around Guomao Station. It
combines high-grade office towers, commercial complexes, hotels, residential and service
functions, and multiple public transport nodes. The study area covers seven main roads
and surrounding pedestrian spaces, including East 3rd Ring Middle Road, Jianguomenwai
Avenue, Jingmao Street, Jintong East Road, Henghui Road, Jingheng Street, and Henghui
East Road. The case provides a suitable setting for examining whether strong baseline
walkability can be converted into robust everyday pedestrian performance.

Research Objectives and Scope

The objectives of this study are (1) to assess the baseline walkability capacity of
Beijing Guomao using multi-source evidence; (2) to identify the routine disturbances that
reduce effective pedestrian usability and inclusive accessibility; and (3) to translate the
diagnosed weaknesses into spatial-design, network-integration, and governance strategies
for everyday pedestrian resilience in high-density CBDs.

Correspondingly, three research questions guide the study: (1) How does Guomao
perform when its pedestrian environment is assessed through a multi-source walkability
framework? (2) Which routine disturbances most strongly erode pedestrian capacity and
inclusive accessibility? (3) How can walkability evidence be translated into design and
governance strategies for everyday pedestrian resilience in high-density CBDs?

The empirical scope covers the surface pedestrian system around Guomao Station
and seven surrounding streets. Field observations and questionnaire data were collected in
December 2025 to provide a diagnostic assessment of routine operating conditions in the
study area. The principal methodological limitations are discussed in Section 5.6.

The contribution of this paper is threefold. First, it clarifies the conceptual link between
walkability and resilience by treating walkability as baseline capacity and everyday dis-
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turbances as stressors that test that capacity. Second, it introduces effective-width erosion,
blind-path continuity, and micromobility intrusion as operational indicators that connect
built-environment measurement to resilience diagnosis. Third, it offers a transferable
planning logic for CBD pedestrian improvement that combines spatial design, network
integration, and co-governance.

2. Literature Review and Conceptual Framework
2.1. Walkability as Baseline Pedestrian Capacity

Walkability has been defined and operationalized in multiple ways. Morphological
studies emphasize density, diversity, design, destination accessibility, and distance to tran-
sit [7,8]. Urban design studies add qualities such as imageability, enclosure, transparency,
and complexity [9]. Public-health and transportation research links walkable environments
to active mobility, transit use, and health-supportive behavior [10,11,20]. In the Chinese
planning context, recent studies have also adapted walkability assessment to street space,
old communities, commercial blocks, and elderly-friendly walking environments [21–24].
Recent studies have applied big data and deep learning to comprehensively assess walkabil-
ity at scale, providing new empirical tools for evaluation [25,26]. Influential design-oriented
frameworks have similarly emphasized that walkable cities must prioritize the human scale
of streets and public spaces [27–30]. Despite differences in disciplinary emphasis, most
approaches converge on a basic claim: walkable environments provide spatial capacity for
safe, convenient, comfortable, and meaningful pedestrian movement.

For CBDs, however, capacity is not equivalent to performance. The same physical
sidewalk width may support fluent movement in one segment and fail in another if the
effective width is reduced by parked bicycles, poles, vendors, taxi queues, or crowd
spillover. Likewise, the presence of transit stations does not guarantee convenient last-mile
walking if station exits, commercial entrances, and office lobbies are poorly aligned or
difficult to understand. Research shows that walkability relationships vary significantly
by socioeconomic and spatial context, and that meso- and micro-scale environmental
factors jointly shape pedestrian satisfaction [31,32]. Assessment methods incorporating
participatory and multi-profile approaches have been proposed to capture these differential
experiences [33,34]. For this reason, CBD walkability assessment requires more attention to
the difference between designed provision and usable capacity.

2.2. Spatial Disorder and Everyday Pedestrian Disturbances

The concept of spatial disorder is useful for connecting walkability to resilience.
In public-space research, disorder refers to visible or functional disruptions caused by
insufficient maintenance, weak management, or competing uses, such as damaged pave-
ments, unmanaged parking, litter, construction interruption, and occupation of pedestrian
space [35]. These conditions do not always eliminate pedestrian routes, but they reduce
reliability, perceived safety, and inclusiveness. Research has also shown that walkability
perceptions vary by gender and socio-spatial context, with women and peripheral residents
often reporting more nuanced sensitivity to disorder [36]. In dense CBDs, disorder is often
not an exceptional event but a routine operating condition.

Everyday pedestrian disturbances can be grouped into four types. Capacity distur-
bances reduce the effective space available for walking, such as width erosion and crowding.
Continuity disturbances interrupt route coherence, including blind-path obstruction, in-
accessible ramps, or fragmented crossings. Conflict disturbances increase risk through
interactions with motor vehicles, e-bikes, shared bicycles, delivery activities, and curbside
operations; shared micromobility can further generate sidewalk parking, pedestrian right-
of-way blockage, and safety-perception conflicts in transit-rich districts [37–39]. Comfort
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disturbances reduce willingness to walk through noise, heat exposure, inadequate shade,
or lack of rest facilities; acoustic environments in particular have been shown to meaning-
fully affect pedestrian experience and route choice [40]. These disturbances are treated as
everyday resilience stressors because they test the robustness of walkability capacity under
ordinary urban pressure.

2.3. CBDs, TOD, and the Last-Mile Problem

Transit-oriented development is often associated with pedestrian-oriented urban
form, but high transit accessibility can also concentrate pedestrian demand into short
time windows and limited spatial channels [41]. CBDs are especially sensitive to last-
mile conditions because many walking trips are not complete door-to-door journeys but
short connections between metro exits, bus stops, office towers, shopping malls, hotel
entrances, and underground or elevated circulation systems. The quality of these 300–600 m
connections strongly influences perceived efficiency and willingness to walk [42]. The
15 min community planning concept further underscores the importance of walkable route
quality within compact service catchments [43]. Therefore, TOD environments should be
evaluated not only by the presence of rail and bus services, but also by the resilience of
pedestrian routes that distribute passengers after they leave the transit node [42,44].

2.4. Conceptual Framework

Figure 1 summarizes the conceptual framework linking baseline walkability, everyday
stressors, pedestrian resilience, and planning responses. Walkability is understood as the
baseline capacity generated by safety, convenience, comfort, legibility, and vitality. Every-
day disturbances may erode this capacity through spatial occupation, route interruption,
traffic conflict, and environmental discomfort. Pedestrian infrastructure demonstrates
everyday resilience when it retains five interrelated operational capabilities: movement
capacity, route continuity, conflict management, inclusive access, and comfort provision.
Robustness therefore represents the immediate operational expression of resilience within
the framework, while the combined indicators support the diagnosis of weaknesses and
the formulation of planning strategies.

Figure 1. Conceptual framework linking high-density CBD context, baseline walkability capacity,
everyday stressors, operational robustness, and planning and governance responses.
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3. Materials and Methods
To address the research objectives, the study adopted a cross-sectional, multi-source

research design. The research proceeded through four connected stages: (1) study-area
definition and indicator construction; (2) field measurement, questionnaire survey, route
timing, traffic-interference observation, and POI data collection; (3) data standardization
and comparison of objective and perceived performance; and (4) disturbance diagnosis
and the formulation of planning and governance strategies. Objective measurements
and questionnaire-based perceptions were analyzed separately and then compared to
identify gaps between baseline capacity and everyday pedestrian experience. The overall
methodological workflow is illustrated in Figure 2.

Figure 2. Research design and methodological workflow of the study.

3.1. Study Area

The study area is located around Guomao Station and the surrounding core pedestrian
spaces of Jianwai Subdistrict, Beijing. The selected streets include East 3rd Ring Middle
Road, Jianguomenwai Avenue, Jingmao Street, Jintong East Road, Henghui Road, Jingheng
Street, and Henghui East Road, as well as the perimeter pedestrian spaces of major buildings
such as Guomao Mall, Yintai Center, and Zhonghai Plaza. These streets jointly represent
the surface pedestrian system of a mature high-density CBD with strong transit access,
intensive commercial functions, and complex pedestrian–micromobility conflicts, as shown
in Figure 3.

3.2. Data Sources and Field Protocol

The study used a multi-source design combining field measurement, questionnaire
survey, route timing, traffic-interference observation, and online POI-based interpretation,
as summarized in Table 1. Field measurements were conducted around Guomao Station on
17 December 2025 between 15:00 and 17:00 under sunny weather conditions. The field audit
recorded physical sidewalk width, effective pedestrian width, sidewalk obstruction type,
signal timing, pedestrian volume, non-motorized vehicle intrusion, and walking time from
metro exits to major POIs. The questionnaire was collected from 17 to 18 December 2025 and
yielded 145 valid responses. POI and transit-access information was manually extracted
from Amap (Gaode Map, Version: AMap GS(2026)3437) during the same fieldwork period
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in December 2025. POIs were classified into business services, restaurants, retail/leisure,
and daily-life services, and duplicate records along the same street frontage were removed
through manual checking.

Figure 3. Study area, street segments, transit exits and major POIs.

Table 1. Data sources and analytical roles. (for more details see S1 Jianwai Data).

Data Source Sample/Unit Variables Analytical Purpose

Street audit 10 sidewalk
sections

Physical width,
effective width,

obstruction type

Capacity erosion
and spatial disorder

diagnosis

Signal and crossing
audit 3 crossing points

Green-light
duration: 16 s, 35 s,

54 s

Crossing safety and
temporal adequacy

Traffic-interference
observation

2 observation
points

E-bike intrusion: 8
and 5 events/5 min

Conflict resilience
and micromobility

management

Route timing 2 metro-to-POI
routes

4 min to Yintai
Center; 8 min to
Zhonghai Plaza

Last-mile access
and TOD

performance

Questionnaire
survey 145 valid responses

Perceived
congestion, width,

disorder,
accessibility,

comfort, safety

Subjective
validation and
user-centered

diagnosis

POI and online
map data from

Amap (Gaode Map)
CBD core area

Shop density,
function types,

transit coverage

Vitality and
functional

accessibility

3.3. Questionnaire Design and Respondent Profile

The questionnaire was designed around pedestrian experience and spatial disorder. It
included questions on age, travel purpose, walking frequency, crowding influence, walking-
time expectation, sidewalk width, path connectivity, encroachment, four spatial-disorder
items, transit accessibility, public facilities, signage, barrier-free facilities, pavement comfort,
noise, air quality, greenery, lighting, crossing safety, security, and an optional open-ended
question. Several items explicitly asked respondents to evaluate occupation of sidewalks,
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bicycle and commercial spillover, damaged pavements, unmanaged construction, and
environmental disorder, allowing perception data to be connected with field observations.
(see original Questionnaire in S2).

The sample was dominated by active users of the CBD. Respondents aged 19–30
accounted for 53.8%, those aged 31–45 for 21.4%, and those aged 46–60 for 16.6%. Because
travel purpose was multi-select, the main categories were shopping/leisure (62.1%), daily
residential travel (62.1%), business/office travel (60.7%), and transit transfer or through
movement (25.5%). In terms of walking frequency, 58.6% reported walking in the area every
day, indicating that the dataset mainly reflects routine users rather than occasional visitors.

The mean scores and reliability statistics are reported in Table 2, while Figure 4
compares the five perception dimensions.

Table 2. Perception dimensions, mean scores, and reliability statistics from the 145 valid question-
naires.

Perception
Dimension

Questionnaire
Items

Mean (5-Point
Equivalent)

Cronbach
Alpha Interpretation

Movement effi-
ciency/capacity

Crowding, time
expectation,

sidewalk width,
connectivity

3.23 0.665
Moderate; crowding

and time delays
remain salient

Spatial order
Encroachment

and four
disorder items

3.19 0.698

Moderate;
occupation and

unmanaged uses
shape experience

Facility
accessibil-

ity/legibility

Transit access,
public facilities,

signage,
barrier-free

access

3.31 0.652

Highest perception
dimension, but

barrier-free deficits
remain

Environmental
comfort

Pavement,
noise, air
quality,

greenery

3.02 0.757

Weakest perception
dimension, mainly
due to noise and

pavement comfort

Perceived
safety

Lighting,
crossing safety,

security
3.08 0.713

Moderate; crossing
and lighting need

refinement

Overall
20-item scale

Q4-Q20
normalized 3.17 0.904

Good internal
consistency for the

perception
instrument

3.4. Indicator System and Resilience Interpretation

The objective walkability indicator system retained five primary dimensions adapted
to the CBD context: safety, convenience, comfort, legibility, and vitality. The first-level
weights were 0.25, 0.22, 0.20, 0.13, and 0.20, respectively. Safety included sidewalk physical
quality, crossing and signal facilities, monitoring and lighting, and traffic-interference
control. Convenience included transit access, barrier-free movement, route flexibility, and
signage. Comfort included sidewalk dimension, green shade, street furniture, and environ-
mental perception. Legibility included landmark visibility and façade/order characteristics.
Vitality included pedestrian flow, staying ratio, frontage density, business diversity, seating
occupancy, and temporary activity facilities.
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Figure 4. Questionnaire-based perception scores by dimension.

To link this walkability system with resilience, indicators were further interpreted as
either capacity-oriented or disturbance-sensitive. Capacity-oriented indicators describe
the planned or normally available support for walking, such as crossing density, signal
duration, transit coverage, seating, trees, POI density, and landmark visibility. Disturbance-
sensitive indicators capture conditions that erode operational performance, including
non-motorized vehicle intrusion, motor-vehicle encroachment, blind-path discontinuity,
effective width, acoustic discomfort, and excessive last-mile walking time. This distinction,
summarized in Table 3, avoids treating a high composite walkability score as automatically
equivalent to resilience (see S3 Current Indicator Sheet).

Table 3. Objective indicator system and its resilience interpretation.

Dimension Weight
Representative

Capacity
Indicators

Disturbance-Sensitive
Indicators

Resilience
Capability

Tested

Safety 0.25
Crossing density,

signal timing,
lighting, CCTV

Vehicle encroachment,
e-bike intrusion

Conflict
resilience

Convenience 0.22
Transit coverage,
route flexibility,

signage

Last-mile delay,
blind-path discontinuity

Continuity and
access resilience

Comfort 0.20
Green view, shade,
seating, sanitation,

trees

Effective-width erosion,
noise, thermal

discomfort

Capacity and
comfort

resilience

Legibility 0.13
Landmark

visibility, façade
order

Wayfinding ambiguity
in complex

ground/underground
routes

Cognitive
resilience

Vitality 0.20

Pedestrian flow,
staying ratio, POI
diversity, active

frontages

Peak-load pressure on
constrained sidewalks

Absorptive
capacity

3.5. Data Processing

Physical sidewalk width and effective pedestrian width were measured separately.
Effective width excluded vegetation belts, fixed facilities, parked bicycles/e-bikes, tem-
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porary obstacles, and unusable edge space. Width reduction ratio was calculated as
WRR = (Wphysical − Weffective)/Wphysical. Objective indicators were standardized to a
0–1 scale using positive or negative scoring rules according to their reference standards.
The weighted objective score was calculated as the sum of standardized indicator scores
multiplied by their weights. Because some indicators were based on short observation
windows, the results were interpreted diagnostically rather than as a definitive citywide
performance rating.

Survey items were normalized before aggregation. Four-point items, including crowd-
ing, time expectation, and barrier-free adequacy, were divided by 4; five-point items were
divided by 5. The normalized scores were converted to a five-point equivalent for inter-
pretability. Internal consistency was assessed using Cronbach’s alpha for the full 20-item
perception scale and for each perception dimension.

3.6. Ethical Considerations

The questionnaire preamble informed respondents that the survey was anonymous,
that responses would be used only for academic research, and that there were no right or
wrong answers. Platform-generated IP information was not used in the analysis.

4. Results
4.1. Overall Walkability Capacity and Perception

The objective indicator system yielded a weighted capacity-oriented walkability score
of 0.868. This value indicates that Guomao has a strong baseline provision of pedestrian-
supportive resources, especially in transit coverage, crossing supply, monitoring facilities,
green view, seating and sanitation, business diversity, and pedestrian vitality. However,
the questionnaire-based perception index was 3.17/5, which is notably more moderate
than the objective capacity score. This mismatch suggests that facility abundance does not
automatically translate into a resilient pedestrian experience. The dimension-level results
are reported in Table 4.

Table 4. Objective dimension scores from the updated indicator sheet. Legibility indicators were
assessed through available route-cognition and landmark-recognition variables.

Dimension Weighted
Contribution

Nominal
Dimension

Weight

Within-
Dimension

Performance
Comment

Safety 0.214 0.25 0.856 Strong but affected by
traffic interference

Convenience 0.199 0.22 0.905
High transit/service

access, but route timing
varies

Comfort 0.186 0.20 0.930 High facility comfort,
with weak acoustic score

Legibility 0.070 0.13 0.538

Based on available
landmark/façade and

route-cognition indicators;
wayfinding variables

could be further refined

Vitality 0.199 0.20 0.995
Very strong POI, frontage,

pedestrian-flow and
staying indicators

Several perception results help explain the gap. Although average dimension scores
were all around the middle-to-upper range, 44.1% of respondents reported that crowding
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affected passage, 47.6% reported that walking time exceeded expectations, 37.2% perceived
frequent sidewalk encroachment, 33.8% reported that barrier-free facilities did not or only
partially met their needs, and 42.8% rated the noise environment unfavorably. These results
point to a system that is resource-rich but vulnerable to routine operational stress.

4.2. Effective-Width Erosion and Capacity Fragility

The most important field finding is that sidewalk capacity in Guomao is often not
limited by nominal provision but by effective-width erosion. Across ten measured sidewalk
sections, mean physical width was 3.62 m, while mean effective width was 2.36 m. The
mean width loss was 30.9%. The smallest effective width was only 0.50 m on East 3rd Ring
Middle Road, where a large number of non-motorized vehicles occupied the pedestrian
space. Another severe bottleneck occurred on Jingmao Street, where a 2.90 m sidewalk
was reduced to 0.77 m by illegal e-bike parking, corresponding to a 73.4% capacity loss.
The maximum recorded loss was 88.2% at one severely obstructed section (Table 5 and
Figure 5).

Table 5. Physical width, effective width, and width-loss ratio of measured sidewalk sections.

Measured Section Physical
Width (m)

Effective
Width (m)

Width Loss
(%) Observed Cause

East 3rd Ring
Middle Road A 4.35 2.60 40.2 Green belt

occupation

East 3rd Ring
Middle Road B 4.25 0.50 88.2 Bicycle/e-bike

occupation

Jianguomenwai
Avenue 4.50 2.60 42.2 Bicycle/e-bike

occupation

South of Guomao
Mall Phase 1 1.82 1.82 0.0 Narrow baseline

condition

Jintong East Road A 4.50 4.50 0.0 No major obstacle
recorded

Jintong East Road B 3.25 2.30 29.2 Lighting pole
occupation

Jintong East Road C 1.64 1.64 0.0 Green belt
occupation

South of Guomao
West Building 3.00 3.00 0.0 No major obstacle

recorded

Jingmao Street A 6.00 3.87 35.5 Tree belt occupation

Jingmao Street B 2.90 0.77 73.4 Illegal e-bike
parking

These measurements demonstrate why a walkability assessment that relies only on
designed or mapped sidewalk width is insufficient. In a high-density CBD, the resilience
problem is not necessarily the absence of sidewalks; it is the loss of usable width during
routine operation. Effective-width erosion directly reduces capacity resilience, forces lateral
avoidance behavior, and disproportionately affects wheelchair users, people with luggage,
older adults, children, and visually impaired pedestrians. Studies combining street view
image recognition and deep learning have demonstrated that older adults with varying
mobility abilities experience walkability barriers very differently, reinforcing the need for
effective-width analysis rather than physical provision alone [45].
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Figure 5. Physical sidewalk width versus effective pedestrian width across measured sections.

4.3. Traffic Interference, Blind-Path Obstruction, and Spatial Disorder

Traffic-interference observations identified the northwest corner of Guomao Bridge
and the south side of Guomao Mall Phase 1 as high-pressure conflict points. At one point
on East 3rd Ring Middle Road, eight non-motorized vehicles entered the pedestrian space
within five minutes; at the Jianguomenwai Avenue observation point, five such intrusions
were recorded within five minutes. In the objective indicator system, non-motorized
vehicle intrusion received the lowest standardized score among all measured indicators
(0.46), while motor-vehicle encroachment scored 0.67. Blind-path continuity also scored
only 0.60, and field notes reported that non-motorized occupation often coincided with
blind-path obstruction.

Questionnaire results supported these observations. Encroachment by vehicles, stalls,
or other uses was rated unfavorably by 37.2% of respondents, and 32.4% rated the shared-
bicycle or commercial spillover item unfavorably. Barrier-free facilities were another
weakness: 33.8% of respondents reported that blind paths, ramps, elevators, or related facil-
ities could not or only partially meet their needs. These findings show that spatial disorder
is not a purely visual problem. It directly affects continuity resilience and inclusive access.

4.4. Transit Access and Last-Mile Route Performance

The transit-access indicators show a second mismatch. Guomao has strong regional
accessibility, and the indicator table recorded a 300 m bus-stop catchment coverage of 92%.
Two field route-timing tests, however, showed different last-mile experiences. The route
from Guomao Station to Yintai Center took approximately 4 min, meeting the 5 min bench-
mark. Another route between Guomao Station and Zhonghai Plaza took approximately
8 min, exceeding the benchmark. The objective indicator for metro-to-core-POI walking
time therefore scored 0.83 rather than 1.00.

Perception data again confirmed that access is not only a matter of distance. Nearly
half of respondents (47.6%) reported that walking time exceeded expectations. This result
may reflect route indirectness, vertical transfers, crowd avoidance, unclear signage, or
waiting time at crossings. For TOD planning, the implication is clear: dense transit supply
must be supported by legible, direct, and disturbance-resistant pedestrian routes between
station exits and building entrances.
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4.5. Vitality as Both Asset and Pressure

Guomao’s vitality indicators were strong. One observation point near Guomao Bridge
recorded 48 pedestrians within five minutes, equivalent to 96 pedestrians in 10 min and
exceeding the high-activity benchmark. POI-based interpretation indicated approximately
eight street-facing shops per 100 m on core segments, covering business services, restau-
rants, retail/leisure, and daily-life services. The vitality dimension therefore contributed
0.199 out of a nominal 0.20 to the objective score.

Yet the same vitality also generates pressure. High pedestrian flows, commercial
entrances, taxis, delivery vehicles, e-bikes, and street furniture compete for limited ground-
level space. Guomao’s resilience challenge is therefore not to create activity from scratch,
but to manage the interface between activity and movement. Active frontages must be
supported by clear curb management, micromobility parking boundaries, unobstructed
blind paths, and adequate waiting/standing space at entrances and crossings.

4.6. Synthesis: A Walkability–Resilience Mismatch

The results reveal a walkability–resilience mismatch. Guomao has high baseline
walkability capacity, but its disturbance-sensitive performance is much weaker. The core
disturbance-sensitive indicators—non-motorized vehicle intrusion, blind-path continuity,
motor-vehicle encroachment, acoustic comfort, and effective sidewalk width—averaged
0.644, substantially below the composite capacity score of 0.868 (Figure 6). The implication
is that a CBD can be highly walkable in terms of resources and still insufficiently resilient
in terms of everyday operation.

Figure 6. Disturbance-sensitive indicators compared with the overall capacity-oriented score.

This mismatch explains why the objective indicator score is higher than the user
perception score. Users do not experience sidewalk width, transit coverage, and POI density
as isolated resources; they experience them through actual movement under crowding,
obstruction, noise, conflicts, and wayfinding uncertainty. Therefore, pedestrian resilience
should be evaluated through the interaction between baseline provision and stressor
exposure, not through static provision alone.

Figure 7 illustrates representative cases of sidewalk occupation, traffic conflict, and
blind-path obstruction observed during the field survey.
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Figure 7. Representative field observations of pedestrian infrastructure disturbances in the CBD
study area.

5. Discussion
5.1. From Designed Walkability to Operational Walkability

The Guomao case suggests that the central problem of mature CBD pedestrian en-
vironments is no longer simply whether walking facilities exist. Rather, the problem is
whether the designed walkability of a district remains operationally usable when com-
peting activities and peak flows place pressure on pedestrian space. This finding echoes
broader walkability research that emphasizes the multidimensional nature of walking envi-
ronments, while extending it toward resilience by focusing on routine stressors and failure
modes. Recent perception-based studies further demonstrate that walkability quality inter-
sects with place identity and cultural experience, meaning that operational improvements
must also attend to the experiential character of streetscapes [46]. Large-scale assessments
combining big data and deep learning confirm that objective provision and subjective
experience frequently diverge, validating the multi-method approach adopted here [25,34].

Operational walkability requires that sidewalks, crossings, station exits, entrances,
and public-space edges work together as an integrated pedestrian infrastructure [47]. A
generous sidewalk segment does not compensate for a 0.50 m bottleneck, and a high-density
POI environment does not guarantee a comfortable walking experience if ground-level
space is congested or noisy. For this reason, CBD pedestrian assessment should include
effective width, obstruction type, conflict frequency, and accessibility continuity as core
variables rather than optional observations.

5.2. Spatial Disorder as an Everyday Resilience Stressor

Spatial disorder provides the mechanism through which walkability capacity is eroded.
In Guomao, disorder appears as illegal e-bike parking, sidewalk encroachment, blind-path
occupation, uneven surfaces, noisy traffic, and unclear route experiences. These are not
rare disruptions; they are ordinary conditions that users encounter during daily movement.
Spatial analysis of shared micromobility trips has documented that e-scooter and bicycle
parking conflicts cluster heavily around transit nodes and commercial areas—precisely
the zones that already face the highest pedestrian pressure [48]. Sidewalk level-of-service
methodologies have also long identified obstacle density and effective-width restriction
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as primary determinants of pedestrian flow quality [49]. These conditions are therefore
resilience stressors even if they are not disaster events.

The resilience interpretation changes the policy question. A conventional facility-based
approach may ask whether a sidewalk exists, whether a crossing exists, or whether a transit
stop is within a catchment radius. A resilience-oriented approach asks whether the sidewalk
remains usable when e-bikes are parked, whether the blind path remains continuous when
commercial frontage is active, whether the crossing remains safe at peak crowding, and
whether users can still find efficient routes when surface and underground systems intersect.

5.3. Planning and Design Implications

Three implications follow. First, spatial design should recover effective width before
pursuing large-scale expansion. Removing unmanaged obstacles, relocating e-bike parking,
adjusting poles and street furniture, and protecting blind paths can immediately increase
operational capacity without changing the road right-of-way. Second, network integration
should focus on the 300–600 m last-mile routes that connect metro exits, bus stops, office
lobbies, commercial entrances, and public spaces. These routes should be treated as
priority pedestrian corridors with clear signage, step-free continuity, weather protection
where feasible, and fewer conflict points. Third, governance is as important as design.
CBD pedestrian resilience requires coordination among street-management departments,
traffic police, transit operators, building owners, commercial property managers, delivery
platforms, and micromobility providers. The corresponding interventions are summarized
in Table 6 and visually synthesized in Figure 8, which links the identified disturbances with
resilience capabilities and near- and longer-term planning responses.

Table 6. Planning and governance strategies for everyday pedestrian infrastructure resilience.

Problem Type Evidence in
Guomao

Resilience
Capability

Near-Term
Action

Medium/Long-
Term Strategy

Effective-width
erosion

Mean width loss
30.9%;

maximum 88.2%

Capacity
resilience

Clear obstacles;
mark pedestrian

clear zone;
relocate street

furniture

Redesign
curb/sidewalk

cross-section and
allocate

micromobility space

E-bike and
bicycle intrusion

8 and
5 intrusions/

5 min; intrusion
score 0.46

Conflict
resilience

Add parking
boundary,

warning signs,
and enforcement

at hot spots

Integrate dedicated
micromobility
parking and

delivery loading
zones

Blind-path
discontinuity

Blind-path
continuity score
0.60; occupation

in field notes

Inclusive
continuity

Immediate
removal of
blind-path
obstacles

Continuous
universal-design

audit and
tactile-route

protection standard

Last-mile
inefficiency

4 min versus
8 min route

timing; 47.6%
perceived time

delay

Access
resilience

Add route signs
at exits and

building
entrances

Create priority
station-to-POI
corridors and

ground-
underground
linkage plan

Noise and
comfort pressure

Noise item
2.88/5; 42.8%
unfavorable

Comfort
resilience

Introduce
buffers,

maintenance,
and rest points

Climate-responsive
pedestrian network
with shade, seating,

and acoustic
mitigation
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Figure 8. Strategy matrix linking everyday disturbances, resilience capabilities, and planning interventions.

5.4. Implications for Sustainability and Inclusiveness

The sustainability value of pedestrian improvement lies not only in encouraging
walking as a low-carbon mode, but also in supporting the efficiency of the public transport
system. If metro and bus passengers experience poor last-mile routes, crowding, or conflicts
after exiting stations, the attractiveness of transit-oriented travel is reduced. Conversely,
recovering pedestrian capacity can increase the practical reach of transit without adding
motorized capacity.

The inclusiveness value is equally important. Effective-width erosion and blind-
path occupation affect all users but create disproportionate burdens for visually impaired
pedestrians, wheelchair users, older adults, children, and people carrying luggage [44,50].
In international CBDs, pedestrian infrastructure must also serve business visitors, service
workers, shoppers, residents, and commuters who differ in time pressure, familiarity,
physical ability, and route knowledge. Everyday resilience therefore requires universal
design as an operational standard rather than a symbolic facility provision.

5.5. Transferability to Other CBDs

Although this study focuses on Beijing Guomao, the analytical logic is transferable.
Many high-density CBDs combine strong baseline walkability with complex operational
stress. Comparative walkability indices applied across cities globally have consistently
shown that high aggregate scores can mask localized performance failures [51]. The
proposed distinction between baseline capacity and disturbance-sensitive performance can
be applied to districts with elevated walkways, underground malls, station-area complexes,
or mixed pedestrian–micromobility streets. The exact indicators should be calibrated to
local context, but the core question remains the same: does the pedestrian system remain
safe, continuous, inclusive, and comfortable when routine stressors occur?

5.6. Limitations and Future Research

Several limitations should be acknowledged. First, the field audit was conducted
within a limited time window and does not capture seasonal variation, weather stress, night-
time conditions, or repeated peak/off-peak differences. Second, the traffic-interference
observations used short five-minute windows and should be repeated across weekdays,
weekends, and commuting peaks before drawing stronger statistical conclusions. Third,
the questionnaire sample mainly represents active adult users, and targeted samples
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of older adults, children, visually impaired pedestrians, wheelchair users, and service
workers are needed. Fourth, some online POI and transit indicators require a clear scraping
date, platform source, and classification protocol. Fifth, the legibility dimension could
be strengthened by incorporating additional measured variables such as route directness,
sign visibility, multilingual information, and station-to-building wayfinding continuity.
Future research should combine GIS network analysis, repeated pedestrian counts, thermal
and lighting measurements, computer-vision street audits, and before–after simulations of
obstruction removal. With larger repeated segment-level datasets, regression, sensitivity, or
contribution analysis could further estimate the comparative effects of individual stressors
and the relative benefits of alternative mitigation scenarios.

6. Conclusions
This study developed a multi-source walkability assessment of Beijing Guomao and

reframed it through the lens of everyday pedestrian infrastructure resilience. The results
show that Guomao has strong baseline walkability capacity, with an objective score of 0.868
and high performance in transit coverage, facilities, commercial vitality, and pedestrian
activity. However, user perception was more moderate at 3.17/5, and disturbance-sensitive
indicators revealed important operational weaknesses.

A central empirical finding is the gap between physical provision and effective us-
ability. Mean physical and effective sidewalk widths were 3.62 m and 2.36 m, respectively.
The mean section-level width loss was 30.9%, while the maximum loss of 88.2% occurred
at one severely obstructed section, where the effective width was 0.50 m. Non-motorized
intrusion, vehicle encroachment, blind-path discontinuity, acoustic discomfort, and last-
mile route delay further weakened the pedestrian experience. These issues demonstrate
that walkability is a necessary baseline, but resilience depends on whether that baseline
capacity remains usable under routine disturbances.

For high-density CBDs, pedestrian planning should therefore shift from static facility
provision to operational resilience. Priority actions include recovering effective sidewalk
width, governing e-bike and delivery conflicts, protecting barrier-free routes, improving
station-to-POI wayfinding, integrating ground and underground pedestrian systems, and
coordinating public–private management of sidewalk interfaces. This approach can support
more sustainable, inclusive, and resilient CBD pedestrian environments.
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