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A B S T R A C T

Transit stops serve as crucial components of journeys for riders, but their condition is often left out of equity
considerations. Two important empirical questions are what stop amenities, such as places to sit, clear signage,
shelters for inclement weather, and unobstructed curbs are present, and how are they distributed across systems,
which may reveal neighborhood or route-specific disparities. San Francisco, CA represents an ideal case for
which to pursue this question, given it maintains a ‘transit first’ policy directive that mandates public space
prioritize transit over private automobiles. An in-person census of 2964 street-level bus stops was conducted
over three months, which finds that a majority of stops lack both seating and shelter of any kind, that route
signage varies widely in format and legibility, and that roughly one third of all stops are obstructed by on-street
parking, rendering them difficult to use and exposing riders to oncoming traffic. Stops in the city’s northern half
are more likely to feature seating, shelter, and unobstructed curbs, whereas amenity “coldspots” nearly all lie
within the city’s southern half. Stop amenities also vary sharply by bus route, such that routes with the longest
headways (and thus waiting times) provide on average the least seating, shelter, and clear curbs. These three
amenities – seating, shelter, and unobstructed curbs – are also present to a greater degree in Census tracts with
higher shares of white residents. This census demonstrates that equity evaluations of transit must include stop
amenities, which are often overlooked, can undermine transit’s attractiveness, and even compound long-
standing imbalances in service quality for underserved communities. Furthermore, studies of this kind can in-
form where amenity upgrades should be prioritized, targeting those areas currently lacking in high-quality stops,
and raising the minimum standard of stop amenities overall. Finally, given data collected in this census is almost
entirely unavailable to riders within current trip-planning and wayfinding applications, this work raises the
possibility of expanding transit-data standards to include amenity details.

1. Introduction

Cities across the United States have set ambitious goals for in-
creasing the share of trips which take place on transit, such as Boston
(over 40% by 2030) and Portland (25% by 2035) (“Go Boston, 2030″,
2017; “Transportation System Plan”, 2018). These targets relate to
manifold objectives, including reducing congestion, as well as im-
proving air-quality and lowering carbon emissions. Indeed, transit not
only moves people more efficiently in terms of space on the road, but it
also requires less energy per traveler (Barrero et al., 2008; Lowe et al.,
2009; Hodges, 2010). Regardless of these potential benefits, transit ri-
dership has been falling in nearly all U.S. cities over the last decade
(Amin, 2018), and dropped precipitously during the COVID-19 pan-
demic (Hart, 2020). For transit systems to reverse these long and short-
term trends, they must provide a level of service that competes with

alternatives like personal automobiles, bicycles, and walking, but also
ridehailing (such as Uber and Lyft), and micromobility (shared bikes
and scooters). This is particularly relevant given a number of studies on
emerging modes indicate a shift away from transit (Graehler et al.,
(2019); Schaller, 2018).

Transit’s attractiveness generally stems from the spatial extent of
routes, their frequency, and fare prices. However, features such as clear
signage, places to sit, shelters to provide shade and protection from
inclement weather, ease in boarding and exiting vehicles (e.g. un-
obstructed curbs), and screens providing real-time arrival estimates are
also influential. Indeed, as Portland, Oregon’s TriMet agency puts it,
“the public’s first impression of TriMet and its services is the bus stop”
(Baldwin et al., 2010). Though, cursory use of many transit systems
indicates that stop amenities are often inadequate (lack of clear signage,
seating, shelters, etc.) and inconsistently distributed (the number of
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amenities varies from stop to stop). Indeed, U.S. media outlets have
held contests for ‘sorriest bus stops’ and made calls for ‘worst bus stop
signs,’ with entrants showing stops located perilously close to high-
speed arteries, framed in by concrete barriers, and lacking legible sig-
nage of any kind (Schmitt, 2018; Bliss, 2019). Beyond poking fun at
such facilities, these articles highlight a notable gap in the transit lit-
erature: comprehensive analyses of stop amenities. Such data could
shed light on a number of pertinent questions, particularly: how have
resources been divided among routes and neighborhoods in terms of
transit stops? Given the widespread goals of increasing transit ridership
as well as improving the travel experience for those already riding, the
paucity of research on stop amenities stands out.

One approach to fill this gap is to conduct a census: in-person visits
to each stop in a given transit system in order to catalog the presence of
seating, signage, curb obstructions, shelters, and other amenities. San
Francisco, CA operates a fixed-route transit system (managed by the
San Francisco Municipal Transportation Agency, or SFMTA) that in-
cludes buses, light-rail, cable cars, and street cars. San Francisco is
guided by a ‘Transit-First’ policy which stipulates that: “travel by public
transit, by bicycle and on foot must be an attractive alternative to travel
by private automobile,” and that “decisions regarding the use of limited
public street and sidewalk space shall encourage the use of public rights
of way by pedestrians, bicyclists, and public transit” (“Transit-First
Policy” (2007)). A census of San Francisco’s bus stops is a direct way to
evaluate if these directives are reflected in transit infrastructure. The
city also stands out generally due to its innovative transportation po-
licies, including one of the country’s first dynamic parking-pricing
schemes (Pierce and Shoup, 2013), pilot programs for shared bikes and
scooters (Moran, 2021), a streamlined planning process for bicycle and
bus lanes (Swan, 2019), and the banning of private automobiles from its
main thoroughfare, Market Street (Fitzgerald Rodriguez, 2020). Given
leadership on these fronts, it is of interest if San Francisco provides
adequate bus-stop amenities, and if it does so consistently citywide.

This paper proceeds by reviewing academic studies of bus stops,
including those which connect stop amenities to rider experience and
changes in travel behavior. It then details the methods of this census,
including which amenities were cataloged, and what other datasets
(including route headways) were ushered to put the findings into
context. The results section covers the low levels of seating and shelter
present across bus stops citywide, the roughly one third of stops which
are obstructed by on-street parking, and how these relate to San
Francisco’s geography and sociodemographics. Stop amenities are
analyzed by route and headway category, which display wide variation.
Finally, the conclusion section draws upon the findings of the census for
policy recommendations for other transit systems grappling with in-
adequate and inconsistent stop amenities.

2. Literature review

Scholars have analyzed bus stops in a number of different ways:
critiques of stop design and quality, surveys of riders on stop pre-
ferences, testing of effects of stop amenities on ridership, and in-
vestigations of how transit agencies make decisions regarding stop in-
vestment and prioritization. As to the first category; there is evidence
that the orientation of bus-shelter doors (either facing toward or away
from the roadway) influence pollution riders are exposed to (Moore
et al., 2012), and that many stops lack nearby crosswalks (Pulugurtha
and Vanapalli, 2008; Hosford et al., 2020). Loukaitou-Sideris (1999)
closely observed a small number of bus stops in Los Angeles to de-
termine if certain features lend themselves to crime. Her study found
that specific attributes likely do so, including bus shelters which are
closed in by walls to the degree that the view of the interior space from
the street was blocked. Corazza and Favaretto (2019) usher a great
number of attributes about roughly 200 bus stops in a single district of
Rome (including trash cans, street lights, and bollards, among others),
which serves in part as inspiration for this study.

As to surveys, the Federal Transit Administration sponsored a pro-
ject that surveyed bus riders in four cities on stop design, finding
highest preference for those with pitched roofs, one side fully open to
the elements, and clear walls over opaque surfaces (Lusk, 2001). An-
other survey, based in the Twin-Cities region of Minnesota found that
respondents perceived waiting times were shorter if stops had benches
and shelters (Fan et al., 2016), and a subsequent study from the same
area determined that adjacent trees also decreased perceived waiting
times (Lagune-Reutler et al., 2016). These complement research which
finds that providing real-time scheduling for arrivals can also make
waiting less frustrating (Ferris et al., 2010; Watkins et al., 2011;
Woetzel et al., 2018), and even improve riders’ sense of safety (Abenoza
et al., 2018). In addition, rider surveys have suggested that perceptions
of bus-stop comfort can also factor into the decision to switch to a car
(Han et al., 2018).

In addition to stated preferences, two studies have linked stop
quality to rider behavior. In Salt Lake City, researchers documented
that the installation of seating, shelters, and sidewalks correlated with
increases in stop-level ridership and decreases in paratransit-service
demand (Kim et al., 2018). Likewise, bus stops in Chicago which had
real-time arrival screens installed were associated with increased ri-
dership, when comparing routes which did and did not receive the new
hardware (Tang and Thakuriah, 2012).

It is important to consider how transit agencies make decisions re-
garding stop amenities. One report on the topic concluded that “in most
instances, the estimated number of passenger boardings has the greatest
influence” (Fitzpatrick et al., 1996). For example, the WMATA system’s
“Guidelines: Design and Placement of Transit Stops” calls for a bus
shelter to be present based on stop-specific ridership – in this case
whether or not there are at least 50 boardings per day (2009). This logic
is echoed by numerous other agencies, including Rogue Valley Trans-
portation District in Oregon (“Bus Stop Design & Planning Guide”
(2011)), OmniTrans in Southern California (Parsons, and Gruen
(2013)), and GCRTA in the Cleveland, OH area (Feke et al., 2018).
However, one obvious pitfall of this approach is that it can become a
self-fulfilling prophecy, in that low-amenity stops may actively deter ri-
dership, which means they will never qualify for upgrades. Second, this
logic means that riders at more popular stops will inherently be pro-
vided better facilities than those who live by or commute to less-pop-
ular stations.

There is also evidence that factors beyond ridership drive the dis-
tribution of stop amenities. Indeed, the Star Tribune in Minnesota
compared bus boardings to stop amenities using publicly-released data
(Roper, 2014), and identified hundreds of stops lacking a shelter of any
kind even though they qualified for amenities given ridership bench-
marks. At the same time, many other stops had shelters even though
ridership was far lower. Moreover, a study of bus stops in Los Angeles
indicated that the primary determinant of where shelters were present
was the revenue-generating potential of shelter advertisements (Law
and Taylor, 2001). This finding has particular importance for San
Francisco; SFMTA at one point contracted out shelter construction to an
advertising firm (Roth, 2009), an agreement which left it up to the
private vendor to not only upgrade existing shelters, but install new
ones as well (Gordon, 2007). Though, SFMTA’s press release announ-
cing the contract noted that “SFMTA will have approval over the con-
struction schedule to ensure that priorities such as volume of passenger
boardings and distribution throughout the city are followed” indicating
support for linking ridership and stop investment.

Beyond these analyses, transit agencies, metropolitan planning or-
ganizations, design firms, and nonprofits have also produced resources
on how transit stops can be improved, and have examined their own
facilities. These measures emphasize stop siting, providing riders with a
way to submit feedback regarding maintenance issues, maximizing
seating along crowded sidewalks, incorporating lighting and heating,
and modifying curbs with bus-stop bulbs (Robson and Piczenik, 2009;
NACTO, 2016; Farrington and Schwartz, 2017; Buchanan and
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Hovenkotter, 2018; Colosi et al., 2018). Beyond guidance, a small
number of transit agencies have released audits on their own bus stops,
such as those focused on accessibility (Finch, 2013; “Bus Stop Safety
and Accessibility Study” (2018); “Space Coast Area Transit Bus Stop
Accessibility Study” (2018)), or how amenities vary by which jur-
isdiction maintains them (“Metro Transit Bus Stop Amenities Study”
(2018)). In the Atlanta Region, several organizations have partnered for
“Operation Bus Stop Census,” which seeks to crowdsource information
on stop quality across the MARTA system by releasing a free smart-
phone application anyone can use to submit information (Clanton,
2020).

Outside of stops, there is also ample evidence that transit service is
inequitably provided, both in terms of mode and location. Golub et al.,
(2013) detail the history of transportation funding in Northern Cali-
fornia’s East Bay, which was biased in terms of suburban rail compared
to urban buses, the latter of which served a more-diverse and low-in-
come population (see also Attoh, 2019). This pattern of under-
investment in bus transit has been mirrored elsewhere, including Los
Angeles, which involved a successful legal fight over inadequate
funding (Grengs (2002). Along with spatial and modal disparities, there
are also specific populations who struggle with transit infrastructure
generally and stops in particular, such as people with vision impair-
ments (Azenkot et al., 2011). As one study notes:

One specific challenge for blind and low vision bus riders is locating
and verifying bus stop locations, particularly in new or unfamiliar
areas. They often search for physical landmarks such as the bus
shelter, benches, or transit sign as a cue that they have reached the
stop, but the design and location of the stop relative to the inter-
section are frequently quite variable. (Campbell et al. (2014)

People with other disabilities also consistently experience difficulty
in navigating transit systems, including stops (Wu et al., 2011), which
can have significant consequences in terms of social exclusion (Stanley
et al., 2011; Aarhaug and Elvebakk, 2015).

While there demonstrably are differences in bus stop quality across
space, and issues with specific populations using them, a clear defini-
tion of equity is required regarding the distribution of bus-stop ame-
nities. One approach, in line with a utilitarian conception of equity (Di
Ciommo and Shiftan, 2017), would entail that the highest number of
riders receive some amount of benefit (in the form of stop amenities)
given existing budget constraints. This might result in stop amenities
being concentrated only along the bus routes with high ridership, given
it could maximize the number of riders using amenities. Though, as
noted above, the spatial distribution of ridership may be in part tied to
the presence of these very amenities, meaning that stop-investment
patterns can themselves shape ridership.

In contrast, a conception of equity drawn from the work of Rawls
(specifically his ‘difference principle’), would favor distributing benefits
such that those with the least resources receive a higher share than
those better off to begin with (Rawls, 1999; Martens, 2016; Pereira
et al., 2017). In the context of bus stops, this definition of equity would
prioritize that amenities be present at stops in low-income and/or
minority neighborhoods, and not primarily determined by ridership
alone. Third, the ‘social minimum’ principle, advanced by Waldron
(1986) and others (Weithman, 1995), focuses on the minimum standard
of the distribution of goods. Applied here, that would entail that all
stops in the system at least meet some established criteria. For example,
that each bus stop has legible route signage, a curb unobstructed by
parked automobiles, and at least seating for a single waiting rider.

Both of these latter approaches – priority for underserved neigh-
borhoods, and bringing up stops to a minimum standard– would benefit
riders most in need (regardless of what part of the bus system they use),
and encourage more ridership. Of course, no transit agency has an
unlimited budget, and so decisions regarding system investment must
always be made with fiscal constraints in mind. This relates to both
Rawls’ difference principle and the interest for a minimum standard

across stops. Indeed, given not every stop can be upgraded at once,
these principles suggest that stop improvements should occur first in the
areas most in need, which would both raise more stops to a minimum
standard, and in doing so benefit the least well-off riders.

Overall, scholarship suggests that bus-stop amenities influence ri-
dership, that a number of transit agencies are mindful of the need to
improve their stops, and that such improvements could benefit riders
who frequently face challenges with transit journeys. However, there
are as of yet no comprehensive stop censuses, or spatial analysis of such
findings across an entire city. Thus, the opportunity exists to conduct a
bus-stop census, which can generate both locally-salient findings as to
the distribution of stop amenities, and also insights for agencies else-
where about how such data relate to equity goals.

3. Methods

The primary method of this census is in-person visits to every street-
level bus stop in San Francisco managed by SFMTA. This does not in-
clude the Bay Area Rapid Transit (BART) or Caltrain systems (which are
rail), nor does it include SFMTA stops for cable cars, street cars, or light-
rail. However, this census does include stops which are shared among
SFMTA’s different modes for those which explicitly serve a bus route.
This census also excludes bus stops that exclusively serve other systems,
such as SamTrans, AC Transit, and Golden Gate Transit, which are
centered in other counties.

Before this census began, attempts at obtaining detailed stop-ame-
nity information from SFMTA were made. This included queries within
SFMTA’s website, and San Francisco’s open-data portal, as well as email
correspondence with SFMTA staff. These steps uncovered a single
geospatial dataset which lists the location of each bus stop, though it
only includes one binary amenity attribute: the presence or absence of a
shelter. While this dataset is a useful starting point, it is reductive in
terms of a stop’s full condition, leaving out signage, seating, and curb
status, among others. Likewise, SFMTA’s general transit feed specifi-
cation (GTFS) – which lists every stop system wide and is used by trip-
planning applications – contains no amenity information. Headways
(i.e. frequency) by route were drawn from SFMTA’s system map (dated
“Winter/Spring 2019″), which predates COVID-related service cuts
(Cassidy, 2020). For buses, there are three headway categories: service
every 10 min or less, service every 10–20 min, and service every
20–30 min.

This census took place over the months of May, June, and July 2020.
Throughout the data-collection process, SFMTA records (updated as of
April, 2020) on the location of every bus stop were referenced in order
to ensure all were visited in person (outside of those within active-
construction zones). The presence of the following amenities was re-
corded at each stop:

• Route Signage (see Fig. 1)
o Metal sign;
o Paint on a metal pole;
o Paint on a telephone pole;
o Paint on the pavement; and
o Marking on bus shelter;

• Shelter (e.g. roof of some kind);
• Seating;
• Electronic ETA Screen (and if present, if such screen is operating);
• Stop ID for the NextBus system (generally via stickers);
• Route/System Map; and
• Unobstructed Curb (vs. those blocked by on-street parking)

A photograph of each bus stop was also taken. While determining if
most amenities were present was straightforward, evaluating the status
of the curb requires more explanation. In San Francisco, curbs running
along bus stops are marked in a number of different ways, including
with large stencil-painted lettering which read “BUS STOP,” as well as
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by curbs painted the color red, or metal signs which read “No Parking.”
Thus, determining whether or not a specific bus stop was obstructed by
parking was not guided by the presence or absence of automobiles
parked in front of it, but whether or not any of these marking types
(lettering, curb coloring, or specific no-parking signage) was present. If
none of these were visible (i.e. the curb was marked like any other) then
it was cataloged as a parking-obstructed stop. There were also other
ways to confirm this, such as signs indicating when parking was al-
lowed, or if parking meters were present. In addition, route signage was
only recorded as being present at stops if markings (be they stickers,
signs, or paint) were legible in person.

Beyond these specific amenities, in-person inspection of all bus
stops allowed for more-qualitative observations as well, including
signage legibility, sidewalk quality, how obstructed curbs varied by
parking layout, and how different sidewalk designs influenced stop
functionality.

Though a census of this kind could perhaps be conducted remotely,
such as by employing “street view” imagery from Google Maps or si-
milar services, there are several advantages to the in-person method
undertaken here. First, street view varies in terms of image quality, and
level of obstruction from vehicles, which makes cataloging stop ame-
nities difficult. Indeed, the resolution and angles of street view rarely
allow for detection of NextBus ID stickers, electronic ETA signs (and if
they are functioning), or pavement markings. Second, street view is not
uniform in terms of timing across a city such as San Francisco. While
major streets are captured by street-view vehicles at least once a year,
images from less-central streets – many of which contain bus stops – can
be several years old. Thus, an in-person census conducted over a rela-
tively short period of time ensures that data are not only accurate but
also temporally consistent.

4. Results

Between May and July, 2020, 2964 SFMTA street-level bus stops
were visited across San Francisco, with all present amenities cataloged
(see Fig. 2). In terms of seating, 34% of stops included seating of some
kind, be it chairs or benches of varying materials and types. Similarly,
31% of stops featured shelters. Legible route signage of some kind was
present at 89% of stops, with paint on metal street poles as the most
common type (present at 41% of stops), followed by shelter markings
(23%), paint on pavement (19%), metal signs (18%), and paint on
telephone poles (7%). There were 516 stops (19% of all stops) which
featured more than one type of legible route signage, such as both paint
on the pavement and a shelter marking. A NextBus ID was posted at
81% of all stops, which came in various formats, including stickers, as a
component of metal signs, paint on the pavement, and a few stops with
hand-scrawled numbers. Working electronic screens displaying ETA
information were present at 21% of stops, and an additional 2% of stops

Fig. 1. Route signage examples of bus stops in San Francisco, CA, including (clockwise from top left): metal signs, paint on metal poles, shelter markings, paint on
pavement, and paint on telephone poles.

Fig. 2. Bar chart of amenities across 2964 SFMTA bus stops.
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had ETA screens which were not functioning. Route maps were present
at 30% of stops, and almost always as a component of bus shelters.

Curbs were obstructed by on-street parking at 32% of stops,
meaning there was not enough designated curb space (often called a
“dedicated bus zone”) for a bus to pull up, which forces riders to step
into the street to board, and often navigate through parked cars (see
Fig. 3).

All bus stops visited during the census had their geographic loca-
tions recorded based on GPS coordinates from ESRI’s Survey123
smartphone application run on an iPhone 7, which is generally accurate
within 10 m of true positions, and allows for data exporting into spatial-
analysis software (Lamoureux and Fast, 2019; Merry and Bettinger,
2019). When limiting the analysis to seating, several visible patterns
emerge, including a higher share of stops featuring seating in the city’s
northern half (see Fig. 4a). It is also evident that Bayview/Hunters

Fig. 3. Bus stops in San Francisco where on-street parking obstructs riders from
entering and exiting the bus, both at those with and without shelters.

Fig. 4. (a): Map of bus stops in San Francisco, shaded by the presence of seating. b: Map of bus stops in San Francisco, shaded by the presence of curb status.
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Point, a historic African-American neighborhood in the southeast
corner of the city, contains very few stops with seating at all. Using the
municipally-designated geographical center of San Francisco
(Rubenstein, 2016), it is possible to quantify the distribution of ame-
nities by half. Indeed, among bus stops in the city’s northern half, 45%
provide seating, compared to just 22% in the southern half. That pat-
tern is nearly identical for shelters: 42% of stops in the northern half
feature shelters, compared to 22% in the southern half. In comparison,
the differences in amenities between the eastern and western halves of
the city are far smaller; seating is provided at the same percentage of
stops (34%), and shelter is provided at 32% of stops in the eastern half
versus 30% in the western half.

A “hotspot” analysis of these amenities further illustrates this high-
level geographic pattern. The Getis-Ord Gi* test detects where stops
with similar values (in this case, those with or without a given amenity)
cluster together (Songchitruksa and Zeng, 2010). Applied to bus-stop

data, clusters of stops providing seating are primarily present in the
city’s northern half, including its central-business district in the
northeast quadrant and residential neighborhoods running west. In
comparison, seating “coldspots” – clusters of stops lacking seating –
nearly all lie in the city’s southern half (see Fig. 5a).

Mapping bus stops by curb type (clear vs. obstructed) displays a si-
milar picture, in that stops clear of on-street parking are present to a far
greater degree in the city’s northern half (80%) than its southern half
(53%) (see Fig. 4b). Likewise, these differences were less pronounced in
the eastern half vs. western half comparison (68% of stops with clear
curbs in the eastern half vs. 65% in the western half). The Getis-Ord Gi*
test similarly indicates that clear curbs hotspots sit almost entirely within
the city’s northern half, notwithstanding a small hotspot also present in
the southwest quadrant within a large private housing development (see
Fig. 5b). In addition, nearly every curb “coldspot” occurs within the city’s
southern half, including a broad portion of the southeast quadrant.

Fig. 4. (continued)
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Beyond these north-south and east-west analyses, U.S. Census and
bus-headway data were also integrated into spatial analyses in order to
consider how amenities vary by route frequency and race. When broken
down by Census tract (based on 2019 American Community Survey
data), bus stops in tracts with a higher than average share of white
residents are more likely to feature seating (37%), shelter (34%), and
clear curbs (71%), than to those in tracts with a higher than average
share of people of color (31%), (29%), and (62%), respectively. Indeed,
for every one percentage increase in a tract’s white residents, the odds
that a given bus stop features seating increases 0.9%, 0.8% for shelters,
and 1% for clear curbs (estimated from a logistic regression). In con-
trast, this relationship was not evident in terms of income; tracts

household incomes both above and below the city’s median figure
($112,449 as of 2019) were equivalent in terms of the likelihood stops
feature seating, shelter, and unobstructed curbs. Lastly, the effect of a
Census tract’s density was different from both these of previous cate-
gories, in that those with lower-than average densities had stops
11–12% less likely to feature seating and shelter, but only 4% less likely
to provide clear curbs.

Given the evidence of amenities following some corridor patterns
from the spatial analyses (such as consistent seating), each bus route
comprising the SFMTA system was analyzed in terms of what percen-
tage of its stops include a given amenity. The provision of amenities
varies significantly across routes: seating ranges from 10% of stops on

Fig. 5. (a): Hotspot and Coldspot analysis (Getis-Ord Gi*) for bus-stop seatingBayview/Hunters Point. b: Hotspot and Coldspot Analysis (Getis-Ord Gi*) for bus-stop
curb status.
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some routes to 75% on others, shelter likewise varies from 5% to 76%,
clear curbs from 16% to 100%, route maps from 0% to 74%, func-
tioning ETA screens from 0% to 54%, route signage from 78% to 100%,
and NextBus IDs from 66% to 100% (see Table 2, appendix).

When divided into three headway categories, routes with the most-
frequent service (headways of 10 min or less) had the highest share of
stops with seating (51%), shelters (51%), and clear curbs (88%). Routes
with the second-most frequent service (headways between 10 and
20 min) had a lower percentage of stops with seating (40%), shelters
(36%), and clear curbs (72%). Finally, those routes with the least-fre-
quent service (headways between 20 and 30 min) had the lowest per-
centage of stops with seating (17%), shelters (15%), and clear curbs
(44%).

Importantly, the variation in route frequency across San Francisco
may be contributing to the geographic patterns of stop amenities.
Indeed, of the stops in the northern half of the city, 45% are served by
the most-frequent routes, 44% are served by the second-most frequent
routes, and just 11% are served by the least-frequent routes. This re-
presents a far-higher share of stops served by more-frequent routes than
those stops in the southern half, where 16% are served by the most-
frequent routes, 39% are served by the second-most frequent routes,
and 45% are served by the least-frequent routes. This raises the ques-
tion of if the north-south amenity disparities can be explained by the
geographic differences in route frequency. A mediation analysis de-
termined that differences in route frequency explain approximately
40% of the effect of location (north vs. south) on the presence of

Fig. 5. (continued)
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seating, which means that 60% of the geographic effect documented is
unexplained by route frequency. This finding merits further analysis,
including considering other potentially-relevant sociodemographic,
transit-service, and land-use variables, which are addressed in the dis-
cussion section.

Confirmed by observations during the census, there is a clear inter-
relatedness between seating, shelters, route maps, and ETA screens,
which are generally either all present at a stop or all absent (see
Table 1). For example, for those stops with shelters, 98% of them also
provide seating. That group of amenities has a less strong relationship
to unobstructed curbs and route signage, for example, if a curb is clear
there is only a 47% chance the stop also features seating.

In terms of qualitative observations made during the course of the
census, first, many stickers on bus shelters, intended to alert riders as to
which route a stop was served by, were worn out from the sun and
illegible (see Fig. 6). Second, the placement of NextBus ID stickers was
far from uniform; many were posted very high up on metal or telephone
poles (making them difficult to read), and others were obstructed by
screws and bolts. Signage painted onto wooden telephone poles was by
far the most challenging to read. Pavement paint was worn in many
places to the degree that its markings were illegible. Pavement paint
was also often obscured by parked cars, which can make it difficult to
locate such stops if no other signage is present. To this point, 51% of the
stops marked solely with pavement paint had parking-obstructed curbs
(123 of 242 total), meaning that they are difficult for riders to locate. As
noted in the methods section, only the presence of legible route signage
were recorded during the census.

There were also aspects of sidewalks which influence stop quality.
This includes sidewalk width and evenness. Indeed, very thin sidewalks
– barely allowing for two people walking in opposite directions to pass
each other – entails that someone waiting for a bus likely feels in the
way of pedestrians and may instead wait on the street. In addition,
some higher-income neighborhoods maintain a sidewalk design which
leaves bus riders little room to wait. In these locations, stretches of
vegetation (grass, shrubs, hedges) between the sidewalk and the road
(known as a “planting strip”) entail that riders must either wade
through that area to board or be visible to arriving buses, or wait in the
street. These types of issues likely render such stops non-functional for
many riders with mobility impairments, large items such as strollers,
and/or safety concerns (see Fig. 7).

5. Discussion

Equity in transport must not only include a system’s coverage, fre-
quency, cost, and directness, but also the stops at which all trips begin
and end. For this to happen, agencies must first maintain accurate re-
cords as to how stop amenities are distributed, from which they can
then prioritize improvements. An in-person census of 2964 street-level
bus stops in San Francisco reveals inconsistency in and inadequacy of
amenities, ranging from stops which are clearly marked, provide
shelter, seating, real-time arrival information, clear curbs, and route
maps, to those which are invisible to potential riders, uncomfortable for
those waiting, and hemmed in by parked cars. Employing a conception
of equity based on the social minimum principle, which applied here
scrutinizes stop amenities based on their minimum level of investment,
this study finds significant deficits: shelters and seating are absent at a
majority of all bus stops, nearly a third of all stops are obstructed by on-
street parking, and more than one in ten stops lacks legible route sig-
nage of any kind. Moreover, employing Rawls’ difference principle,
which here concerns the spatial distribution of stop amenities, indicates
that the northern half of the city has a greater percentage of stops with
seating, shelter, and clear curbs. In addition, clusters of low-amenity
stops lie within the city’s southeast corner and its southern half gen-
erally. There is also evidence of a relationship between stop amenities
and race, such that census tracts with higher shares of white residents
are more likely to feature bus stops with seating, shelters, and clear
curbs.

Breaking down stop amenities by bus route also reveal large dis-
parities, from those routes which have seating at 75% of stops com-
pared to just 10% along others. These differences are further evident
when dividing routes by headways; those stops which are served least
frequently by buses are least likely to provide seating, shelters, or clear
curbs. In essence, the longer a rider likely has to wait for a bus in the
SFMTA system, the lower the chance is there are amenities which
would make such waiting comfortable. Indeed, there is also a connec-
tion between route frequency and the geographic distribution of stop
amenities; stops in the north half of San Francisco are far more likely to
be served by higher-frequency stops (though this does not fully explain
the north-south amenity imbalance). This study does not challenge the
general logic of providing stop amenities at high-usage stops, nor does
it believe all stops should be equivalent in terms of investment, but it

Table 1
Stop Amenity Inter-relatedness. ETA Screens are counted only for those which are functional.

Sea�ng Route Signage Shelter Clear Curb NextBus ID Route Map ETA Screen 

If Sea�ng is present - 85% 90% 92% 90% 88% 62%

If Route Signage is 
present

32% - 29% 66% 87% 28% 20%

If Shelter is present 98% 83% - 85% 91% 94% 67%

If Curb is Clear 47% 88% 43% - 83% 42% 29%

If NextBus ID is present 37% 95% 35% 68% - 34% 24%

If Route Map is present 99% 83% 98% 93% 91% - 70%

If ETA Screen is present 100% 82% 99% 92% 93% 99% -
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Table 2
Stop Amenities by SFMTA Bus Route.

Route Headway Sea�ng Shelter Clear Curb Route Map ETA Screen Route Signage NextBus ID

1 10 min 44% 44% 86% 44% 34% 96% 90%

2 10-20 min 62% 58% 99% 59% 46% 87% 80%

3 10-20 min 44% 42% 86% 44% 32% 91% 82%

5 10 min 74% 75% 99% 73% 52% 96% 89%

6 10-20 min 31% 43% 77% 29% 25% 97% 91%

7 10 min 38% 45% 81% 38% 27% 98% 80%

8 10 min 48% 44% 81% 44% 31% 93% 84%

9 10 min 29% 37% 78% 27% 18% 92% 74%

10 10-20 min 29% 26% 61% 26% 9% 87% 84%

12 10-20 min 53% 46% 91% 47% 13% 95% 94%

14 10 min 56% 55% 95% 55% 46% 92% 85%

18 20-30 min 30% 28% 51% 27% 20% 95% 91%

19 10-20 min 30% 29% 62% 27% 14% 88% 80%

21 10-20 min 63% 71% 100% 63% 44% 83% 88%

22 10 min 53% 55% 90% 53% 42% 90% 82%

23 20-30 min 17% 16% 62% 18% 10% 85% 76%

24 10-20 min 36% 31% 59% 31% 27% 94% 95%

25 10 min 61% 61% 94% 0% 0% 94% 94%

27 10-20 min 53% 45% 94% 47% 29% 85% 79%

28 10 min 58% 57% 99% 55% 41% 94% 88%

29 10-20 min 38% 24% 72% 22% 17% 95% 82%

30 10 min 45% 40% 83% 42% 24% 95% 89%

31 10-20 min 53% 51% 66% 49% 41% 94% 94%

33 10-20 min 36% 36% 82% 36% 33% 94% 81%

35 20-30 min 10% 5% 32% 5% 3% 87% 76%

(continued on next page)
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calls into question the paucity of amenities at low-usage stops, or put
another way, the lack of a minimum standard for bus stops. Indeed, as
the literature review demonstrates, amenities at a bus stop may actually
alter ridership, meaning that a low-amenity stop can actively deter it
from ever growing. When stops within an entire neighborhood lack

basic amenities, as this census identifies in San Francisco, increasing
bus ridership may prove difficult.

In addition, a number of qualitative issues were observed, including
legibility issues with route signage and NextBus ID stickers, lack of
sidewalks or those without pavement, and vegetation which impedes

Table 2 (continued)

36 20-30 min 16% 13% 39% 13% 11% 95% 90%

37 20-30 min 16% 14% 35% 12% 9% 97% 76%

38 10 min 75% 76% 92% 74% 54% 91% 91%

39 20-30 min 15% 12% 47% 15% 12% 88% 85%

41 N/A 22% 20% 88% 20% 14% 94% 84%

43 10-20 min 31% 30% 61% 27% 23% 91% 80%

44 10-20 min 35% 34% 65% 33% 19% 90% 74%

45 10-20 min 33% 27% 88% 27% 17% 92% 87%

47 10 min 51% 36% 96% 42% 27% 93% 91%

48 10-20 min 31% 25% 52% 25% 18% 88% 88%

49 10 min 42% 32% 97% 32% 25% 85% 83%

52 20-30 min 25% 22% 49% 24% 16% 93% 75%

54 20-30 min 11% 11% 31% 11% 8% 91% 66%

55 10-20 min 52% 52% 91% 52% 35% 78% 70%

56 20-30 min 17% 12% 26% 10% 7% 93% 83%

57 20-30 min 18% 13% 89% 10% 5% 96% 82%

66 20-30 min 14% 14% 16% 12% 14% 88% 86%

67 20-30 min 13% 11% 32% 11% 8% 92% 82%

76 N/A 44% 31% 94% 31% 19% 88% 75%

79 N/A 50% 20% 100% 20% 20% 100% 100%

81 N/A 60% 60% 100% 60% 20% 100% 80%

82 N/A 35% 35% 95% 35% 25% 100% 85%

83 10-20 min 25% 25% 100% 25% 0% 100% 100%

88 N/A 39% 39% 94% 39% 39% 100% 94%

90 N/A 47% 42% 100% 42% 26% 96% 89%

91 N/A 42% 38% 87% 38% 26% 90% 87%

Headways are based on SFMTA’s system map labeled “Winter/Spring 2019.” Headways listed as “N/A” indicate routes which do not follow standard SFMTA service
frequencies, such as those which serve special events or “owl” buses which run overnight.
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Fig. 6. Examples (clockwise from top left) of shelter markings worn out from the sun, obscured NextBus ID stickers, telephone poles with difficult-to-read lettering,
and worn out pavement paint.

Fig. 7. Examples of stops with accessibility issues, including (clockwise from top left) those which lack sidewalks, are fenced in by guardrails, are obstructed by
perpendicular parking, and are blocked by dense vegetation.
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riders’ ability to reach the curb. These instances indicate that as much
value as there is in quantifying the presence of specific amenities across
a system, there is also benefit to visually reviewing transit stops for
basic accessibility issues.

There are several directions future research on bus stops can take.
First, censuses of this kind generate a rich trove of data that create the
opportunity for deeper analyses concerning the presence or absence of
amenities and different features of the urban environment. This relates
to employment density, automobile ownership, the number of adjacent
traffic lanes and speed limits, as well as attributes such as topography,
populations of seniors and children, and proximity to rail transit.
Though some stop-amenity patterns may be linked to explicit agency
policy, others may be less obvious. Furthermore, if transit-stop censuses
are to take place elsewhere, researchers must consider how regional
differences might dictate what constitute relevant amenities. For ex-
ample, San Francisco has a mild climate – without particularly hot
summers or cold winters – which means that there is no expectation
that bus stops maintain heating or cooling capabilities. In contrast,
northern cities such as Minneapolis, MN or Portland, ME may be places
where bus-stop heating is of primary importance, whereas the avail-
ability of shade and air-conditioning could be a crucial amenity in cities
such as Dallas, TX or Phoenix, AZ. There are also many other variables
which could be related to stop amenities, such as street-tree coverage
and/or intensity of the localized heat-island effect, road type and speed
limits, and whether or not a stop serves multiple lines and is a common
transfer point, among others. Moreover, censuses would benefit from
rider interviews to understand if and how amenities influence trip-
making, as well as transit-agency interviews to determine what strategy
was in place guiding the distribution of stop amenities to begin with.

Beyond this pressing research questions, several immediate policy
recommendations flow from this census, for SFMTA as well as other
agencies to which similar stop-amenity inadequacy and inconsistency
likely apply. While time consuming, such a census is a straightforward,
highly-accurate means of appraising stop amenities. This method is an
ideal way to put oneself in the perspective of a system’s current or
potential riders in order to understand what may be encouraging or
deterring usage. Indeed, close and repeated observation of stops over
time can reveal subtle issues – like the placement of NextBus ID stickers
– which may otherwise remain invisible.

As to specific amenities, first, the signage inconsistency documented
(on top of the 11% of stops with no signage at all) makes locating stops
difficult, particularly for those who have low-vision, or who are in-
frequent riders. Though SFMTA indicated that it would add metal signs
to all stops (Bialick, 2015), this is still far from being the case, with the
most common route signage being paint on metal street poles. Second,
stops in any system which require riders to wade through parked cars in
order to board are incredibly inconvenient and plainly fail a ‘transit-
first’ policy. Such a layout is difficult to navigate for anyone with a
mobility impairment, or with a stroller, and explicitly privileges auto-
mobile storage over transit use. Similar issues with stop accessibility in
other cities have drawn lawsuits arguing transit agencies are violating
the Americans with Disabilities Act (Sachs, 2007; Nobles, 2016). Third,
given evidence that wait times are perceived as significantly longer for
those who have to stand, seating of some kind should be present at as
many stops as possible, rather than the current state of the SFMTA
system, which provides seating at less than half of all stops.

This study has several limitations. First, a census of bus stops leaves
out other system features which undoubtedly influence travel, such as
pricing, layout, vehicle quality, crowding, and the ability to reach stops
safely (Spears et al., 2013). Second, this study does not address or ac-
count for other factors contributing to stop quality, such as placement
in relation to the block or nearest intersection (Diab and El-Geneidy,
2015), how bus stops relate to the flow of pedestrians (Hall et al.,
2006), or the relationship of stops to bus and bike lanes (Zhang et al.,
2018). Third, simply noting the presence of an amenity at a certain stop
can leave out important details; for example, many of the ETA screens

across the SFMTA system are often incorrect even when they are to
outward appearances functioning (Graf, 2020). Fourth, as would be the
case at nearly any point in time, this study excluded a small number of
bus stops in San Francisco due to active construction, which prevented
amenities from being cataloged. Fifth, there are likely other amenities
that could have been included in this census, such as adjacent street
lights, trash cans, or sidewalk incline. Lastly, there are other forms of
public transit citywide, including light-rail, commuter rail (Caltrain),
and a subway system (BART), which this study does not address but
nonetheless influences travel-behavior decisions and possibly SFMTA
decision-making as to stop investments.

Finally, this census gathered data that could likely benefit riders if
incorporated into trip-planning and wayfinding applications. One way
this could be achieved is if GTFS, the technical standard for transit data
sharing, is expanded to include stop amenities, such as seating and
shelters. This would then require transit agencies to populate their stop
records with current amenity information. Such additions could allow
services like Google Maps or Apple Maps to alert users as to which stops
have specific amenities, which could affect travel choices. For example,
someone who has trouble standing for extended periods of time may
want to filter nearby bus stops by those which provide seating. Or, ri-
ders may sort stops by the presence of shelter on a day with heavy rain.
These scenarios only scratch the surface of possible advantages from
making amenity information available to application developers, and
eventually, travelers. Overall, stop amenities are an important compo-
nent of transit trips, they can be reliably cataloged via manual visits,
and reveal a great number of details about the allocation of resources
across a system, which can inform improvements and perhaps even
individual trip making.
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