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The 15-minute city is often invoked for commuting, while demonstration zones
present autonomous-vehicle (AV) feeder services on open test roads as a last-mile rail
solution. This paper evaluates a Jiading station area in Shanghai, taking the Anting core at
Shanghai International Automobile City as the study area and the Baiyin Road—Jiading New
Town corridor as a spatial control. Using network travel times and equal-weighted office
and industry points of interest (POls) as an employment proxy, we measure 15-minute
employment accessibility for walking, walk—transit and AV feeder constrained to open test
roads, and use a detour ratio to describe local network constraints. Median walk opportunity
is 21 POIs in the Anting core and 37 in the control corridor. Adding rail increases the means
by 0.19 and 0.40 POlIs, respectively. When in-vehicle travel is restricted to name-matched
Notice 694 open roads, the mean AV-feeder gain relative to walk—transit is near zero.
Transfer and waiting already consume most of the 15-minute window. The study provides a
unified cumulative-opportunity framework for station-area commute evaluation and shows
that feeder gains are sensitive to the time threshold.

employment accessibility, 15-minute city, cumulative opportunity, autonomous-
vehicle feeder, last-mile

The 15-minute city treats everyday opportunities as reachable within a short travel time [1, 2]. Local
guidelines specify walking distances of about 800—1000 m, rail station areas of about 500-800 m,
and nearby employment as community-scale standards [3]. Life-circle assessments, however, mainly
record daily-service coverage and only weakly represent employment opportunity [4].
Demonstration zones present autonomous-vehicle (AV) last-mile feeders on open test roads as a rail
access scheme [5, 6]. In Jiading these feeders are framed around employees commuting between
station areas and workplaces, yet existing studies report waiting, fleet size and matching rather than
15-minute employment opportunity. This paper therefore uses one cumulative-opportunity measure:
how many office and industry points of interest (POIs) are reachable on foot in 15 minutes; how
many more by walk—transit; and how many more still by open-road AV feeder. The setting is a
Jiading station area where open-test-road, slow-mobility and life-circle policies overlap, with the
© 2026 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

129



Proceedings of CONF-FMCE 2026 Symposium: Smart City and Infrastructure Engineering
DOI: 10.54254/2755-2721/2026.CH38165

Anting core at Shanghai International Automobile City as the study area and the Baiyin Road-
Jiading New Town corridor as the spatial control. AV feeder uses normative speed and waiting and is
constrained to open roads named in Shanghai Municipal Commission of Transport Notice 694
(2020), hereafter Notice 694. The paper measures walk cumulative opportunity, the walk—transit
increment and detour ratio, and AV-feeder accessibility relative to walk—transit.

2. Related work

Accessibility is the potential to reach opportunities [7, 8]; for commuting it is a count of
employment-type destinations inside a network-time threshold, and Euclidean buffers overestimate
active-travel access [9]. Cumulative opportunity is the main indicator here; gravity, two-step floating
catchment, space—time and utility measures are reviewed elsewhere [10-12]. The 15-minute city
emphasises short active-travel windows [1, 2], but applied life-circle assessments mainly record
daily-service coverage [4, 3], while Shanghai job-accessibility studies more often use thresholds
longer than 15 minutes [13, 14]. Terminal-access work shows that first- and last-mile conditions
change transit job accessibility, station-area walkability and feeder provision [15-18, 6], yet it does
not report a common workplace-opportunity count at 15 minutes across walking, walk—transit and
open-road AV feeder. AV last-mile studies centre on waiting, fleet size, matching and network design
[19-24]. Policy overlays bound Anting and Baiyin Road without showing that feeders raise that
short-window count.

3. Data and methods

3.1. Study area and data
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Figure 1. Observed basemap and test-road extent of the Anting core. Blue lines are Anting Town
road names in Shanghai Municipal Commission of Transport notice No. 694 (2020) matched to

OpenStreetMap [5]; diamonds mark representative station centroids. Unmatched segments are
mostly internal factory roads

The study area follows the overlay of open-test-road, slow-mobility and 15-minute life-circle
documents [5, 6, 3] (Figure 1-2). The Anting core is the national pilot town at Shanghai International
Automobile City, with representative stations Anting, Shanghai Automobile City and East Changji
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Road. The Baiyin Road—-Jiading New Town corridor is the spatial control (Baiyin Road smart street
and New Town living area). The Anting box is longitude €[121.10,121.28], latitude
€[31.25,31.36]; the control box is longitude €[121.225,121.275], latitude €[31.318,31.358]. The
period is the weekday morning peak, 7:30-9:30; the analysis unit is a 500 m cell.

The walkable network is an OpenStreetMap extract with expressways removed; edge weights use
vy = 4.8km/h . Employment opportunity O; is an office or industry POI with O; =1 (827
origin cells in the Anting core; 83 in the control). Stations, exits and AV stops are distinct
geometries: rail nodes carry Linell in-vehicle time; walk access and egress use
representative-station centroids as exit proxies; pickup p  (drop-off p ) is the open-road node
nearest the cell (station). First-train intervals on the study segment are 2 min (Anting—Automobile
City), 3 min (Automobile City—East Changji; Baiyin—Jiading New Town) and 5 min (East Changji—
Shanghai Circuit). The AV feasible domain matches Notice 694 names to OSM by exact name [5]:
64/134 names in the Anting box yield 200.2 km in 17 components; the control matches 13 New
Town names (47.0 km). Unmatched names lack exact OSM geometry and remain outside the
feasible domain.

Anting core and Baiyin Road corridor: network, POls, and stations

Figure 2. Analysisbox layers: walkable network, firm/industry POIs, representative station centroids
and approximately 800 m station areas. The purple box is the Baiyin Road—Jiading New Town
spatial control

3.2. Methods

The evaluation has three layers at the same 15-minute threshold (Table 1): walk A¥2k(15); the
walk—transit increment A7 (15) with a detour ratio; and AV-feeder AAVeeder (15) relative to

walk-transit on Notice 694 matched roads. Travel impedance is network shortest-path time ¢!}

(¥
Because first- and last-mile settings change transit job accessibility, the metric includes walk access,
waiting and transfer.
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3.2.1. Multimodal travel times
Travel impedance is network shortest-path time ¢ [25]. Let the mode set be
m € walk, walk — transit, AVfeeder.
For walking:
dwa]k
ij

cwalk — (1)

i Vo

where dz;.alk is the shortest distance on the walkable network and v,, is walking speed.

For walk—transit:

walk—transit __ jwalk transfer rail walk
Cij - ti—>e + te + te—)s + ts—>j (2)

where ¢"3lk is walking time from the cell to the nearest exit proxy (representative-station centroid

in the main results), t%2f" is a uniform transfer and waiting penalty, ™!  is in-vehicle time, and

lk . . . . . . . . . . .
e ;18 walking time from the destination exit proxy to the opportunity. If the opportunity lies inside

the origin-station walk catchment and not using rail is better, the cost reverts to (1).
For AV feeder:

eV = T 4y gAY st il gy 3)
where p’ is the node on the open-test-road network nearest the cell centroid and p is the node
nearest the station; t:.V_"‘)lpk, is walking time to pickup, and feeder is unavailable for that cell if this

exceeds 800 m; t;}‘_ﬂp is computed only on Notice 694 matched segments, and the station is

unreachable if no path exists; t;,villg is residual Euclidean walking from drop-off to the station

centroid. Speed and waiting take the normative parameters in.
3.2.2. Cumulative-opportunity accessibility

The primary indicator is cumulative-opportunity accessibility [7, 8]. Under a POI employment
proxy and without capacity-competition data, a fixed-threshold count is preferred to gravity,
two-step floating catchment or utility formulations as the main result. For origin cell, opportunity j
and mode m:

AT(to) = X, 071(clt < to), to € 10,15,20min )

Main results take ¢9 = 15min, with 10 min and 20 min as threshold contrasts. Equation (4) is
Hansen location-based accessibility under a binary impedance. A linearly decaying form
f(c) =1 —c¢/to for ¢ <ty is used only as a functional contrast and is not reported as the main
result. Summaries are box-wide means and a station-area cut within 800m of a
representative-station centroid [3, 6, 26]. Box-wide means remain primary.
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3.2.3. Descriptive last-mile diagnosis

For each cell centroid to the nearest exit proxy, network distance d?et and Euclidean distance d;.E“Cl
are computed, and the detour ratio is

net

pi - d?ucl ,d?UCI > O (5)

pi 1s defined only where a walk-network path to a representative station exists within a 25 min
cutoff.

3.2.4. Feeder scenarios and comparison indicators

Let the baseline mode be walk—transit and the scenario mode AV feeder. The cell-level gain is
AA;(15) = A?ereder(lf)) _ A;valkftransit(lf))- 6)
Area summaries use the mean gain A_A(15) and the share of benefiting cells
n=g i, H(A4;(15) > 0) (7

AV in-vehicle travel is constrained to Notice 694 matched segments. A right-of-way contrast
scales speed on walk geometry rather than adding a citywide driving network.

Table 1. Normative multimodal parameters

Parameter Value Note
4.8 km/ . . . o .

Walk speed vy, h ~ 80 m/min, aligned with local life-circle walking pace [3]
AV speed v, 25 kn/h Normative urban feeder spe[e;d] on Class III open-test roads
Waiting time 3-5 min Midpoint 4 min; order of waiting in AV-feeder studies [1, 7]

Transfer/wait penal
ttr\s;sferp R 3min  Uniform rail access/egress penalty, common to both areas
Primary threshold ¢ 15 min Life-circle commute metric; contrasts 10 /20 min [3]

4. Results

Main results use the 15-minute threshold: for each cell, office and industry POIs with ¢;} < 15min

yield A7*(15). Exit proxies are representative-station centroids. Unless noted, means are box-wide;

the station-area cut uses the 800 m Euclidean definition above. The Anting core (827 cells; 25 in the
cut) is reported first; the Baiyin Road corridor and 10/20 min contrasts follow in Section 4.5.
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4.1. 15-minute walk cumulative-opportunity pattern

Walk cumulative opportunity A;"alk(15) in the Anting core is shown in Fig.3(a). The box-wide
mean is 40.5 POIs, the median 21, the 25th and 75th percentiles are 3 and 57, the maximum is 531,
and about 85.4 % of cells have AT¥(15) > 0; in the station-area cut the walk mean is 49.9. The
box-wide mean exceeds the median because the distribution is right-skewed. Walk isochrones from
representative stations are shown in Fig. 4(a). At v, = 4.8km/h, 10, 15 and 20 minutes correspond
to network radii of about 0.8, 1.2 and 1.6 km. The three bands expand irregularly along the network
and are overlaid on one map: the 10-minute band remains close to station centroids, the 15-minute
bands remain disconnected, and the 20-minute bands overlap only locally between stations.

15-min walk cumulative opportunities, Anting core 15-min walk cumulative oppartunities, Baiyin Road corridor
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Figure 3. 15-minute walk cumulative opportunity Aiwalk(15) in the two areas. The colour scale is
the count of firm/industry POIs reachable in 15 minutes; red dots are rail stations
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Figure 4. Walk isochrones from representative stations. Each panel overlays the < 10, 10—15 and 15—
20 min bands

4.2. Rail-feeder increment at the 15-minute threshold

After walk—transit is included, the box-wide mean of AY~amsit(15) rises from 40.5 to 40.7
(increment 0.19); the median remains 21. In the station-area cut the mean rises from 49.9 to 56.0
(about +6.2), so rail adds little box-wide but more near stations. Table2 decomposes the time
budget: after a 3 min transfer penalty, 12 min remain; in-vehicle time on the study segment is 2—
5 min. Walk access and egress further shrink the residual window for new POls.
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Table 2. Decomposition of the 15-minute commute time budget

Component Value Implication
Threshold %, 15 min Life-circle metric
Transfer penalty 3 min 12 min remain
Line 11 in-vehicle 2-5 min Near residual window
AV waiting 4 min 8 min remain; May exceed residual
800 m to open road ~10 min
Station-road walk 0.5-2.7 min Walk after drop-off

4.3. Detour ratio and its spatial distribution

To describe last-mile network geometry, the detour ratio p; is computed for cells with a network
path to a representative station within 25 min (Fig. 5; n = 55 ). In the Anting core the mean of p; is
1.43 and the median is 1.25: for half of these cells, network distance is about 1.25 times Euclidean
distance. High detour forms local patches around the station cluster rather than an area-wide pattern.

4.4. AV-feeder gain in the 15-minute window

When in-vehicle travel is restricted to Notice 694 matched open roads, box-wide A_A(15) = 0.04

and 7= 0.5 in the Anting core (Table 3); in the station-area cut, AA(15) = 0.64 and 7 = 4.
Matched open roads total 200.2 km in 17 components. About 59.9 % of cells reach an open road
within 800 m; mean cell-to-pickup distance is 1.09 km; residual station-to-road distances are 43—
214 m. After 4 min waiting and 3 min transfer, 8 min remain; at 4.8 km/h, an 800 m walk already
takes about 10 min. Without the segment constraint and with geometric speed scaling, box-wide

A_A(15) is about 0.57.

Table 3. AV-feeder gain, Anting core

Constraint AA (15)
Notice 694 matched (n = 0.5) 0.04
Geometric speed scaling 0.57

Note: geometric scaling is not citywide driving.
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Last-mile detour to the nearest station, Anting core
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Figure 5. Last-mile detour ratio pi (network/Euclidean distance to the nearest station) in the Anting
core. (a) Each point is a cell with a measured p1i ; dashed lines are medians and purple marks p >
P75. (b) Zoom on the three representative stations; purple sequential colour is I and pale cells
have no measured path within 25 min (n = 55). High detour is local rather than area-wide

4.5. Spatial control and threshold contrasts

The spatial control comprises a replication on the Baiyin Road—Jiading New Town corridor and
10/20 min threshold contrasts for both areas (Figs. 3(b) and 4(b); Table 4).

The Baiyin Road corridor contains 83 cells and 485 POIs (16 in the station-area cut). The
box-wide walk mean is 49.8 (median 37; 97.6 % of cells >0), higher than in the Anting core; the
station-area walk mean is 52.7. After rail, the box-wide mean rises to 50.2 (+0.40) and the
station-area mean to 54.8 (about +2.1); mean p; is 1.31 (median 1.28). Under the open-road

constraint, A_A(15) =0 and n=0 both box-wide and in the cut, despite shorter pickups
(mean 408 m) and higher 800 m open-road access (83.1 %); the unconstrained gain is about 2.07.
The two-station isochrones meet only locally at 15 minutes and begin to overlap at 20 minutes.

Table 4. Spatial control: cumulative opportunity at 10, 15 and 20 minutes

Area to Walk mean/median Rail increment AV gain
Anting core 10 18.8/7 0.06 0
15 40.5/21 0.19 0.04
20 70.8 /46 0.63 341
Baiyin Road corridor 10 22.5/11 0.01 0
15 49.8/37 0.40 0
20 81.8/68 1.73 3.11
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Note: Rail increment and AV gain are relative to the preceding mode. The 15-minute AV gain is aligned with the main result in Table 3
(Notice 694 matched roads). The 10/20 min values are recomputed on the same open-road network to observe the direction of the
threshold effect.

Feeder increments appear only when the residual window after waiting and transfer is relaxed.
Holding ¢y, = 15min, 4 min waiting plus 3 min transfer leave 8 min, while an 800 m walk already
takes about 10 min; the control corridor's zero 15-minute AV gain despite shorter pickups indicates
that the main result is not solely an artefact of the Anting matching rate.

5. Discussion

Life-circle facility coverage cannot replace 15-minute commute accessibility measured with an
employment-proxy POI count [3, 4]. Walk medians are 21 and 37 POIs; 15-minute isochrones
remain about 1.2 km and separated. After the threshold is compressed to 15 minutes and transfers are
counted, the mean walk—transit increment in both areas is less than one POI [13-16]. Feeder gain is
zero at 10 minutes and about three POIs at 20 minutes, so 15 minutes is a binding threshold rather
than an artefact of grid size. Once the same AV feeder is evaluated with a cumulative-opportunity
indicator, 4 min of waiting and 3 min of transfer occupy most of the window [19,-21]. Median
detour ratios are only 1.25-1.28, and the control corridor's 15-minute gain remains zero despite
shorter pickups, so the consistent constraint is residual time rather than open-road coverage. If the
policy target remains a 15-minute commute, the results point first to shortening waiting and transfer
and reducing residual walk; expanding test-road coverage or raising feeder speed alone is unlikely to
raise reachable POIs within 15 minutes. These implications follow from normative-parameter
scenarios. Neither area represents a high-density central-city station area; jobs are equal-weighted
POIs; open roads are name-matched (64/134 in the Anting box); waiting and speed are normative
(Table 1), not observed.

6. Conclusion

This paper places the life-circle 15-minute threshold, an employment-proxy POI count and open-
road AV feeder in one cumulative-opportunity framework. Walk opportunity differs between the two
areas, 15-minute isochrones remain separated, and box-wide rail and AV increments are both near
zero at 15 minutes—yet rail rises more in the station-area cut, and the control corridor's AV gain
remains zero despite shorter pickups. Gains appear only when the window is relaxed to 20 minutes
(about three POIs). The principal constraint is the short-window time budget rather than open-road
coverage alone: feeder services are threshold-dependent under the life-circle clock, not necessarily
ineffective. Future work should test this mechanism with observed waiting, a complete exit
inventory, establishment-level job weights and official open-road geometries.
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