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ARTICLE INFO ABSTRACT

Keywords: Good nutrition reduces the risk of chronic disease, but many vulnerable populations do not have equitable access
Transit to healthy food. People who are lower-income, non-White, older, or disabled, have increased likelihood of not
Bus

owning a vehicle and of being dependent on public buses to source healthy, affordable food. Our study took place
in three municipalities targeted by the Rhode Island Department of Health for equity-focused interventions. Our
methodology aimed to overcome limitations of prior analyses of public transit food access. We determined
healthy food sources, stratifying their affordability with market basket pricing data and community input. Using
a geographic information system (GIS), we identified the transit bus service areas of the sources. Our novel
approach included employing a fixed bus wait time, determining bus travel times based on schedule combined
with historical data, and determining acceptable travel times through a community leader survey. We analyzed
access by subgroups including those experiencing poverty, older adults, those without cars, and those with
disabilities. We found that 45% of the population in the most urban municipality had bus access to discounted
healthy food, and no one in the two less urban municipalities did. Bus access to six food pantries was limited to
15%-28% of the population. Our approach, combining spatial analysis informed by surveys and community
input, can increase the ease and accuracy of analyzing bus access to healthy, affordable food and is replicable in
other regions and extensible to other types of destinations and services and to rail transit.
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1. Introduction Black/non-Hispanic or Hispanic, have higher rates of food insecurity:

26.5%, 19.6%, and 16.2%, respectively (Coleman-Jensen et al., 2022).

More than half (51.8%) of the U.S. adult population had at least one
chronic medical condition in 2018 (Boersma et al., 2020). Good nutri-
tion lowers the risk of chronic disease, including obesity, diabetes,
ischemic heart disease, and total cancer (Afshin et al., 2019; Miller et al.,
2020). Yet healthy food (which we will define as minimally processed
food) access is not equitable in the U.S. for many who are lower-income,
minority, older adults, or have disabilities (Schwartz et al., 2019; Vaudin
et al., 2022; Walker et al., 2010).

Further, dependency on public transit and inequities in healthy food
access are associated with an increased risk of food insecurity (Bonanno
& Li, 2015), which affects 10.2% of U.S. households (Coleman-Jensen
et al., 2022). Households with incomes below 185% of the poverty
threshold, or with a household member who is either

At the same time, low-income and non-White households, as well as
individuals with disabilities, are more dependent on public transit than
the average household or individual (Anderson, 2016; Brumbaugh,
2018; Oak Ridge National Laboratory, 2019).

1.1. National-level food access assessment tools

The U.S. Department of Agriculture recognizes the need to access
healthy food and has developed two tools to measure it, yet neither takes
into account public transit access. The Food Environment Atlas
(Economic Research Service, 2023) is an interactive map that displays
the numbers of food store types, from supercenters to convenience.
Comprehensive, selectable parameters include distance, vehicle
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ownership, seniors, food assistance programs, diabetes and obesity, race
and ethnicity, and income. This map’s estimates of physical access are at
the county level and do not take into account road networks or trans-
portation modes, reducing the utility of this tool at the community level.

The second ERS tool, the Food Access Research Atlas (Economic
Research Service, 2024), estimates and displays low-income census
tracts (33% of households with low-income) that have low-access to
food stores. However, this tool cannot estimate the food access of the
many low-income households found in communities with fewer than
33% low-income households.

1.2. Transit versus automobile or walking access assessment

To meet the needs of policy makers, public health officials, and
others at the local level, researchers have developed multiple method-
ologies to analyze the spatial relationship of where people live to where
they can acquire food. While automobile access is almost always eval-
uated in spatial access assessments, only a small number of studies have
examined public transit access. The paucity of transit access analyses
may be due in part to the predominance of the car as the preferred access
mode in high-income countries but may be in part related to the
analytical challenges involved in calculating transit access.

The roots of these challenges are two-fold: the multi-modal nature of
transit travel, most frequently walking combined with bus, and the need
to incorporate fixed transit schedule and inflexible route information
into analyses. Car, walking, and biking modes are analyzed with the
freedom to select a departure time without regard for the effects of
schedule and fixed routes, and without the need for accommodating
mode transition effects such as wait times at transit stop and transfer
points. The ability to depart unconstrained by an external schedule and
to travel without changing mode (i.e., solely by car or on foot), make
analyzing car or walking travel much simpler, and potentially more
accurate, than analyzing travel by public transportation. Driving and
walking service areas of food sources can be determined in a straight-
forward manner within Geographic Information Systems (GIS).

1.3. Multiple dimensions of accessibility and equity issues

Further, when contemplating the multiple dimensions of travel ac-
cess to healthy food, additional considerations and challenges arise
apart from the spatial-analytical questions that may be addressed by
GIS. Car, public transit, and walking vary greatly in their inherent
burdens, including, for transit users, exposure to walking effort, carrying
effort, weather, traffic, and waiting. Further, financial considerations
affect access to healthy food in terms of the cost of transportation and
the affordability of the food that is physically accessible. Costs related to
these factors include not only time, money, and stress, but personal
physical costs associated with weather and disabilities. All these costs
increase the level of disparity for transit users who, frequently, are
already vulnerable (Vedovato et al., 2022). The challenges of de-
pendency on public transit for access to food, as well as jobs, services,
education, and recreation, are a particular burden for those who are
already disadvantaged by their socioeconomic or immigrant status, race,
ethnicity, age, or disabilities (Aaronson et al., 2012; Klein et al., 2023).

Unsurprisingly, use of a car provides far more access to groceries
than use of public transit (Leuthart et al., 2022; Widener, 2017). Surveys
of food access have found 10%-11% of low-income respondents were
dependent on buses for food shopping (Mabli, 2014). Although car
ownership in low-income families has risen over the years, both being
carless and using transit still tend to be mostly associated with low in-
come (Brown, 2017). Also, access to healthy food for low-income
households may be affected by the often transient nature of car
ownership, where periods of carlessness may alternate with periods of
car ownership (Klein et al., 2023).
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1.4. Prior transit access to healthy food studies

Transit access to healthy food studies have aimed to overcome some
inherent spatial-analytical challenges by employing newer GIS tools
(Lytle & Sokol, 2017) and improved, albeit at times complex, methods
(Abel & Faust, 2018). Grengs (2001), Burns and Inglis (2007), Larsen
and Gilliland (2008), Farber et al. (2014), Widener et al. (2015), Abel
and Faust (2018), and Leuthart et al. (2022) all have measured access to
food via bus using GIS analyses. General Transit Feed Specification
(GTFS), a worldwide standard for distributing transit schedule data, is
typically favored in GIS analyses and was employed in the well-cited
papers of Farber et al. (2014) and Widener et al. (2015).

One of the primary limitations of these prior GIS-enabled studies of
transit access to healthy food is lack of certainty regarding transit travel
time burden. This limitation results in diminished accuracy and poten-
tially less utility of access analyses in formulating policy and in-
terventions. An early study did not consider travel time (Grengs, 2001),
and another considered travel time only as converted to distance for the
bus but not the walking component of the analyzed trips (Larsen &
Gilliland, 2008), although for most riders bus stops are accessed by
walking.

Critically absent have been methods to fully control variations in
travel time due to variations in wait times at bus stops. Wait times are a
necessary component of bus travel and can greatly diminish the reach of
a bus service area in studies with a fixed maximum acceptable travel
time to access a food source or other service. Leuthart et al. (2022) did
not use wait times. Farber et al. (2014) incorporated wait times with the
assumption that a rider’s arrival at a bus stop was uncoordinated with
the bus schedule, contributing to bus-to-next-bus fluctuations of up to
34 min in travel time between the two points offered as an example in
their study. These fluctuations translated into variations of many miles
in the traveled distance of buses within a set time. Thus, the assumption
of the lack of schedule-coordinated behavior on the part of passengers
can greatly inflate or deflate a food source service area (or any other type
of destination’s service area) dependent on whether the theoretical
traveler with an allotted amount of travel time arrives at the originating
stop just after or just before the bus departs.

To reduce uncertainty in their estimates of travel time, and thus
service area size or accessibility indicator, Farber et al. (2014), Widener
(2017), and others took the approach of measuring total travel time at
intervals over a portion of the day. However, the results were then
averaged, decreasing their accuracy by assigning an unspecified amount
of time to waiting that would otherwise be available for bus travel.

Analysts have combined defined walk zones (Fan & Li, 2019) and
transit stop wait times in studies that are not focused on food source
access. For instance, Benenson et al. (2011) created a custom software
module for a popular GIS. It circumvented inflating/deflating service
areas, caused by passenger arrivals at the bus stop just after or just
before bus departure, by allowing input of a maximum wait time and
cancelling any trip that would exceed the maximum.

Several teams of investigators (Abel & Faust, 2018; Farber et al.,
2014; Larsen & Gilliland, 2008; Widener et al., 2015) enhanced the
travel time accuracy of their analyses (Li et al., 2022) by adding walk
times to and from bus stops using realistic street routes — network
analysis — instead of the simpler method of drawing Euclidean distance
buffers to create service areas around the stops. Conversely, most studies
of bus access to healthy food in the literature have employed the
centroid of a spatial unit such as a Traffic (Transportation) Analysis Zone
or a Census Block or Tract as their origination point for analysis, a less
precise determinant of population access than simply using a GIS to
extract population from a service area overlay.

Discrepancies between bus schedules embedded in GTFS data and
real-life performance on those bus routes might add to imprecision in
estimating service areas. Recognizing this, instead of using GTFS data,
Leuthart et al. (2022) employed a small sampling of three bus rides to
calculate an average speed of bus travel for their analysis in
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Bloomington, Indiana.

Finally, a general limitation of accessibility studies has been the lack
of data to quantify or define acceptable travel time cost. Providing a
range for policymakers and others to consider, Farber et al. (2014) and
Widener (2017) use an array of travel times in 10 or 15 min intervals,
respectively, to categorize their results.

1.5. Our approach

In this paper, we examine the geographical and transportation as-
pects of transit bus access to healthy food, stratified by affordability. Our
study took place in Rhode Island in three Health Equity Zone munici-
palities, designated and targeted by the state’s Department of Health for
equity-focused interventions. The city of East Providence and the towns
of Warren and Bristol extend southeast from the city of Providence along
the border of Rhode Island and Massachusetts. The three municipalities
have differing degrees of urban and suburban relationships to the city of
Providence, providing the opportunity to examine healthy food access
by bus across a range of environments.

Similar to some other studies (Burns & Inglis, 2007; Farber et al.,
2014; Grengs, 2001; Larsen & Gilliland, 2008), we report demographic
and socioeconomic data for those served by bus access to healthy food.
Our methods were designed to overcome complexities and limitations of
prior analyses of public transit access to healthy, affordable food.

2. Methods
2.1. Data collection

To perform our access analysis, we first identified a mean acceptable
round-trip bus travel time, which we calculated from responses to a
questionnaire distributed to leaders of the three communities for which
a healthy food access analysis had been requested. These community
members were leaders of food pantry and free-meal non-profits, as well
as Head Start, senior, assistance for people with disabilities, and other
community-based organizations. In addition to recommended travel
time limits, the community leader questionnaire also collected com-
ments on issues related to accessibility and evaluations of the afford-
ability of food stores.

The community leader responses provided characterizations of the
cost of shopping for food at local supermarkets, which we used to rate
the affordability of these retailers. The affordability ratings were used to
validate the price rankings of the retailers based on a market basket of
nine food items from an in-store survey (see Supplement for survey
details). The stores were ranked on the basis of total cost of the market
basket items and also index ranked with a value of plus one for each item
that was more costly than the median for that item and a value of minus
one for each item that was less costly. To identify those retailers
providing an acceptable offering of healthy food, the food retailer survey
also quantified the variety of fresh and canned fruits and vegetables and
frozen vegetables available in each store (see Supplement for details of
retailer identification methods and qualifying criteria). We included
fresh, frozen, and canned since, depending on the item, each of these
forms can deliver the highest nutrient content, with frozen or canned
often at lower cost than fresh (Miller & Knudson, 2014; Rickman et al.,
2007).

A food pantry survey was used to identify pantries offering fresh
produce on a weekly basis, the qualifying criteria for a pantry’s inclusion
in our spatial analysis (see Supplement). Data for this survey were
collected with web searches and via phone.

2.2. Coordinated bus stop arrival
Little research has investigated the propensity of bus travelers to

coordinate their arrival time at a bus stop with the expected arrival of a
bus. However, Fan and Machemehl (2009) found that at a headway (the
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spacing between transit vehicles) of 11 minutes or more, passenger
behavior transitioned from almost random arrival at bus stops to
becoming somewhat more coordinated with bus arrivals. In our study
area with six bus routes of a range of lengths and patterns through
urban, suburban, and low-density areas, an examination of bus sched-
ules indicated the average headway was longer than in a typical strictly
urban area.

We made the inclusive assumption that travel time for shopping was
constrained by other time demands on the shopper and, to reduce travel
time, shoppers with limited time would coordinate their arrival at a bus
stop with a bus. Shoppers cannot control the bus schedule or easily
control where they live relative to a food source, but they can largely
control their arrival time at a bus stop to coordinate with a bus arrival.
The assumption is not that coordination is universal among shoppers but
that it is available to anyone who wants to reduce their travel time. The
effect of a fixed wait time on the service areas that we calculated would
be to expand them, as more of the travel time could be attributed to bus
movement instead of bus stop waiting. The assumption of coordination
is strengthened with the growing use of smartphone bus transit apps,
available for at least 295 transit systems (Bian et al., 2023) including
Rhode Island Public Transportation Authority (RIPTA), the only mass
transit service in Rhode Island. Getting bus schedule and live-tracking
information is especially easy with ubiquitous smartphone map apps
such as Google Maps (Google, Mountain View, CA) and Apple’s Maps
(Apple, Cupertino, CA). These apps, which have greatly increased in
usage since the Fan & Machemehl, 2009, study, also incorporate
walking times, allowing for close coordination with bus arrivals.

2.3. On-bus travel time calculation

We chose a 5-min wait time as a reasonable wait-margin at both the
originating and the store/pantry bus stops. Five minutes also represents
the average wait for passengers arriving at a stop with a headway of 10
min.

Next, we subtracted the 10 min wait total (5 min wait in each di-
rection) and the 10 min round-trip walk to and from the originating bus
stop from the total acceptable round trip travel time determined from
our community input. The remaining time was the allotted time for the
bus itself to travel and, in the case of two pantries and one supermarket
that were not located adjacent to a bus stop, for additional walking to
occur.

2.4. Bus travel extent calculation

GTFS, originally called Google Transit Feed Specification, was
developed by Google in 2005 (Fan & Li, 2019). Google Maps bus transit
travel times are based on bus schedules specified in GTFS data provided
by transit systems, including RIPTA, and moderated by historical traffic
data and live traffic updates detected from bus GPS trackers and other
sources. We used Google Maps to determine the travel extent of buses in
an allotted amount of time, relative to supermarkets and pantries. To
eliminate the effect of any unusual live traffic delays, such as those
caused by accidents or road construction, we selected a past Wednesday
at noon for our analyses. This limited the Google Maps data to that
provided by GTFS and historical records. We confirmed that the most
recent two past Wednesdays returned the same result.

For our three communities, Google Maps displays both inbound and
outbound bus stops. For each supermarket and pantry, we recorded the
originating bus stop located at half the allotted bus travel time away
(allowing for the round trip) from the destination store or pantry. We
found the corresponding bus stop location in our GIS in order to plot the
maximum extent of the service area extending along that bus route. Most
stores and pantries in our three municipalities had one adjacent route
and so a service area extending in two directions. Three stores had two
or three passing routes and so service areas extending in up to six
directions.
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One store and one pantry were distant enough from a bus route that
all the allotted time for travel (bus and walking combined) would be
required for walking from, and back to, the closest bus stop to the food
source. The second pantry that was not directly adjacent to a bus route
required walking time from the stop to the store and back and thus had a
reduced service area because of the shortened on-bus time.

We tested crossing bus routes to see if the ability to transfer buses
would expand service areas. However, the uncontrolled wait-times at
the transfer points (bus-to-bus close timing coordination is not typically
feasible) consumed too much of the total travel times to expand the
service areas.

2.5. Service area and demographics determination

Employing street network analysis in our GIS, we determined the
walking zones around all the bus stops which could reach a discount
supermarket, a discount or a regular supermarket, or a food pantry, in
the allotted bus travel time as identified in Google Maps. The service
areas for each store or pantry were comprised of the sum of all the 5-min
walking zones around each food-accessing bus stop.

After we created service areas for qualifying food stores and pantries,
we calculated estimates, within a GIS, of the general populations and
demographic subgroups within those service areas. We used U.S. Census
Bureau 2020 Decennial data and 2018-2022 American Community
Survey 5-year estimates, apportioning population to the service areas
from Census blocks and block groups, respectively.

3. Results
3.1. Community questionnaire

The community questionnaire received a 100% response rate from
the 14 community leaders who received it. The mean acceptable round-
trip travel time by bus to access healthy food was 36 min. By compari-
son, the mean acceptable round-trip time by car to access healthy food
was 18 min half of the acceptable bus travel time. Of the 16 super-
markets serving the three communities for those with car access, only 11
were on bus routes within or from communities. Of these bus-accessible
supermarkets, two were described by respondents as expensive, two
were described as most affordable, and seven were characterized as
medium-priced.

Comments on transit bus access discussed issues of carrying gro-
ceries, access to bus stops, and mobility challenges. One respondent
noted that “Seniors are not able to do a large shopping at one time since they
have to carry the bags themselves.” Another said “If you have a car, it is
[the]easiest way to access food. It is a system designed for drivers.” One
community leader who uses a wheelchair identified many issues for
many shoppers:

“Although many of us live on a bus route it’s not always feasible
traveling to and from supermarkets. Try living with a disability. If
you are allowed to take a small travel cart onto the bus often you
have trouble getting it on and off the bus and are in the way of other
patrons, so a lot of bus drivers will refuse you service if you try. Many
of the bus routes do not go to where there are less expensive markets,
and if you want to go to one of them you have to walk quite far. If you
find sales in different locations, it’s not worth the effort and extra
expense of travel time. Also, the weather is a factor - rain, snow,
extreme heat — keeps many people from making the hike to the bus.
Sometimes bus routes are a couple of blocks away. If this is the only
choice you have, making your way to the market usually means
going two-three times a week. There are many people who have to
take taxis just to get their groceries home, which is expensive. Most
often we are elderly or disabled and must shop on our own,
consuming much of our day. When I'm told how lucky I am to be on a
bus route, I like to tell people what I must go through to get a few
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days of groceries, and I prefer to use my electric wheelchair and lug
my groceries home on the footrest of my chair.”

3.2. Food retailer and pantry surveys

Following identification of 69 food retailers serving our three study
communities, we found no convenience, corner, or dollar store met our
criteria for a healthy food provider. Our in-store survey found that all
supermarkets met the criteria for good quality, healthy food. Market
basket pricing identified two of these supermarkets as expensive
(Table 1). At $30.77, the most expensive store’s market basket cost more
than double that of the least expensive store. These two expensive stores
were eliminated from analysis as not meeting the affordability criterion.
Of the remaining nine, the two in the most affordable (“discounted”)
category had market basket costs of $14.89 and $20.10, and the seven in
the medium-priced category had market basket costs ranging from
$23.27 to $24.79. Our affordability categorizations were closely vali-
dated by perceptions in the community survey.

We identified 10 food pantries serving our three study communities,
six of which met our criteria as a healthy food provider because they
offered fresh fruits and vegetables weekly or better.

3.3. Bus access analysis

In East Providence, 45% of the population had public bus access to
one, and only one, of the two local discount supermarkets (Fig. 1,
Table 2). Two other discount supermarkets nearby in Massachusetts
were not accessible by bus. No one in Warren or Bristol had bus access to
discounted food.

In East Providence, 63% of residents had bus access to a regular or
discount supermarket, while 28% in Warren and 19% in Bristol did
(Fig. 2, Table 2).

Access to food pantries by bus was 21% in East Providence, 28% in
Warren, and 15% in Bristol (Fig. 3, Table 2).

Shoppers living within bus access of an affordable supermarket or a
pantry in East Providence or Warren typically could access two of each
healthy food source. Some in East Providence had bus access to three
affordable supermarkets. Shoppers in Bristol who had bus access to an
affordable healthy food source had access either to a single supermarket
two towns over or to the single food pantry in town, but not both.

Table 1
Market basket pricing of eleven bus-accessible supermarkets.

Community Community Index pricing of Total $ cost
perception of store’s the 9 market of the nine
affordability basket items vs. items

median

East Providence affordable -7 14.92

East Providence affordable -5 20.10

Bristol medium 5 23.27

Seekonk, MA (East medium 5 23.27

Providence
adjacent)

East Providence medium 5 23.27

Bristol affordable 0 24.45

East Providence medium 2 24.79

Barrington, RI medium 2 24.79

(between East
Providence and
Warren)
East Providence medium 2 24.79
Providence (East expensive® 2 27.48
Providence
adjacent)
Bristol expensive® 7 30.77

# The two expensive supermarkets were excluded from analysis.
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Fig. 1. Transit bus service areas for discount supermarkets: East Providence, Warren, Bristol (Rhode Island.).

3.3.1. Access by demographic subgroups

With some significant exceptions, affordable healthy food access via
public bus did not tend to vary much across subgroups compared to the
general population (Table 2). In East Providence, access for the general
population and those in poverty, 65 years and older, White, living in
households with a disability or households without a vehicle, was 43%
(£ 4%) for discount supermarket access and 63% (4 3%) for discount or
regular supermarket access. Food pantry access was 20% or 21% for all
groups, including the general population, except households without a
vehicle, which had 15% access. In Warren and Bristol households

without a vehicle were twice as likely as the general population to be
near a bus stop with access to affordable supermarkets/pantries (60% vs.
28% and 36%,/35% vs. 19%/15%, respectively), and individuals expe-
riencing poverty in those communities were also more likely to have bus
access to both affordable and free healthy food (47%/46% and 24%,
respectively.) Neither Warren nor Bristol had any access via bus to
discount supermarkets.

Those 65 and older, White, and households with a disability, had
access to regular supermarkets and pantries similar to the general pop-
ulations in Warren and Bristol. In Warren, all groups had 27%-32%
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Table 2
Population and households with bus access to healthy food sources.
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Municipality Access of subgroups: counts and (%) of total subgroup population Total subgroup population counts and (%) of total population

Discount Discount and Regular Food Pantries

Supermarkets Supermarkets
East Providence
Population” 21,339 (45) 29,667 (63) 9958 (21) 47,107
Households (HH)" 21,035
Poverty® 2345 (47) 3278 (65) 1023 (20) 5039 (11)
65+ " 4846 (43) 6876 (60) 2251 (20) 11,396 (24)
White® ” 15,866 (44) 22,057 (61) 7693 (21) 36,076 (77)
HH wy/disability* 2591 (46) 3692 (66) 1112 (20) 5599 (27)
HH w/o0 vehicle 653 (39) 1114 (66) 249 (15) 1676 (8)
Warren
Population” 0(0) 3163 (28) 3130 (28) 11,147
HH" 5087
Poverty © 0(0) 536 (47) 532 (46) 1149 (10)
65+ " 0(0) 754 (27) 747 (27) 2821 (25)
White® © 0 (0) 2933 (29) 2903 (29) 10,141(91)
HH wydisability © 0 (0) 422 (32) 420 (32) 1311 (26)
HH w/o vehicle ¢ 0(0) 336 (60) 334 (60) 557 (11)
Bristol
Populationh 0 (0) 4297 (19) 3286 (15) 22,493
HH" 8779
Poverty 0(0) 350 (24) 352 (24) 1468 (7)
65+" 0(0) 1182 (20) 981 (17) 5787 (26)
White™" 0(0) 3795 (19) 2984 (15) 20,060 (89)
HH wy/disability © 0 (0) 338 (19) 284 (16) 1737 (20)
HH w/o vehicle 0(0) 142 (36) 138 (35) 390 (4)
Total population 21,339 (26) 37,127 (46) 16,374 (20) 80,747

Notes.
2 White includes non-Hispanic and Hispanic. Data.
b ESRI estimates based on 2020 U.S. Census.
¢ American Community Survey, 5-year, 2022.

access for both regular supermarkets and pantries, and in Bristol 19% or
20% for regular supermarkets and 15%-17% for pantries.

Of the 11% of individuals in poverty in Warren, 47% had bus access
to a regular supermarket and 46% to a pantry, compared to the 28% bus
access to both types of healthy food sources for the general population.
Of the 27% of households in Warren without a vehicle, 60% had bus
access to both a regular supermarket and a pantry, again compared to
28% for the general population. For the 8% of individuals in poverty in
Bristol, 24% had bus access to both a regular supermarket and a pantry,
compared to 19% and 15%, respectively, in the general population.
Households without a vehicle are 4% of the households in Bristol, but
36% of them have bus access to a regular supermarket and 35% of them
have bus access to a pantry.

4. Discussion

We developed an approach to estimate transit bus service areas for
food retailers and pantries that was novel in multiple ways. We
controlled variability in bus stop wait times by working from a specified
wait time; we measured bus travel distances for a given time allowance,
using a combination of GTFS and historical data; and overall acceptable
travel times were based on community input. We mapped walking-
defined service areas around bus stops with GIS road network anal-
ysis. Using surveys, we determined stores and pantries meeting a
threshold of healthy food, then stratified them according to affordability
by collecting market basket data and community input. Our methods
can be applied to evaluating access to other types of services, in other
geographical areas, and to rail transit.

We incorporated a community-provided acceptable round trip time
and accounted for bus stop wait and walk times. We assume passengers
will coordinate their walking arrival at originating stops with the arrival
of a bus. Bus travel distance within a time allotment was determined

with enhanced accuracy over other methods using Google Maps. The
walking service area around originating bus stops was calculated using a
GIS street network. Further, using community input and market surveys,
we identified healthy food sources in four categories of affordability:
free (pantries), discount, regular price, and expensive.

Our use of qualitative and quantitative community-based data to
inform spatial analysis is, to our knowledge, unique in the food access
literature. However, Diez et al. (2017) similarly used GIS, in-store sur-
veys, and community voices in their assessment of the healthiness of the
food environment in a low-income neighborhood in Madrid. The inter-
pretation of their findings was enriched by the use of Photovoice, with
community members critiquing their food environment through a
camera lens. The voices of our community leaders were heard through
our survey, stating, for example, that without a car older adults and
others could not do a large shopping trip. One respondent indicated that
many bus drivers will refuse service to passengers with loaded carts, a
decision that is backed by RIPTA rules prohibiting unfolded shopping
carts (Rhode Island Public Transportation Authority, 2024).

Generally, urban East Providence had the most bus access to
affordable supermarkets, followed distantly by Warren and then Bristol,
both of the latter not having any access to discount supermarkets. Bus
access to food pantries was low throughout the three communities. Not
many differences were found in bus access between the subgroups in our
analysis and the general population, although people living with poverty
were more likely to live on a bus route with affordable healthy food
access in Warren, and, to a degree, in Bristol. More notably, in Warren,
of the 11% of households without a vehicle, 60% of those were on bus
routes with access to free or affordable healthy food. One-third of the 4%
of households with no vehicle in Bristol similarly had bus access to free
or affordable healthy food, suggesting that in both communities bus
access might influence choice of residence location for those without a
vehicle.
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Our market basket pricing results indicate the potential of low-priced
food to provide significant savings (Table 1). The cost of the basket at the
least expensive retailer was less than half that of the same basket at the
most expensive retailer. Therefore, a shopper with limited income can
use a discount supermarket to, in effect, increase access to healthy food.
Lower-income households, including those receiving food assistance
benefits, tend to buy food at a supermarket that is not the closest one to

their residence, using a car to get there (Ver Ploeg et al., 2015). Over half
the respondents to the 2012 SNAP Food Security Survey cited low prices
as their primary reason to choose a food store over one “close to home,
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convenient, easy to get to” (Mabli, 2014). Because of longer travel times,
off-route locations, and other inconveniences associated with bus use,
bus-dependent shoppers may have less opportunity to choose a super-
market based on affordability, compared to car-enabled shoppers.
Although access to multiple stores or pantries may reduce inequities
in acquiring affordable healthy food for bus users, the largest increment
in access occurs when the number of bus-accessible destinations in-
creases from zero to one. Therefore, for this study, we used a simple
threshold to define access consisting of residence in the bus service area
of one affordable, healthy, food store or pantry. As Geurs and van Wee
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Fig. 3. Transit bus access to food pantries and bus routes: East Providence, Warren, Bristol (Rhode Island.).

(2004) noted, accessibility is a concept with a range of complexity,
depending on the type of access and whether the perspective of the
analysis is from the typically more complex individual (person-based)
viewpoint or the destination (location-based) viewpoint, the latter
characterizing our study. Fortunately, transit use, because of the limi-
tations it presents (and despite the complexities inherent in analyzing a
schedule-based, fixed route service), lends itself to a tightly focused
analysis that can be easier to interpret, such as the narrow, linear service
areas generated in our analyses.

We noted there were only two discount supermarkets in the entire

study area, both in East Providence and not accessible by bus from
Warren or Bristol. All three municipalities did have a discount food
retailer nearby across the state border in Massachusetts, providing cost-
savings options only for those with car transportation and underlining
the inequities for those who were bus dependent.

While analysts comparing transit to car access to healthy food have
been careful to employ equal travel time allotments for both modes
(Burns & Inglis, 2007; Widener, 2017), when surveyed, community
leaders from the three Health Equity Zones reported an expectation of a
maximum 18-min round trip travel time reasonable for car shoppers,
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compared to a maximum 36-min round trip for bus shoppers. Low-wage
earners who must shop by bus do not necessarily have more time to do so
than higher earners who might be more likely to shop by car. The top
10% of earners in 2021 worked an average of only 4.4 h per week more
than the 42.2 h per week of the lowest 10% of earners (Bureau of Labor
Statistics, 2022). Although bus users likely plan more travel time to
shop, on average, than car users, this is not because bus riders have less
value attached to their time than car owners but instead reflects the
realities of bus versus car travel.

Older adults typically give up driving as they age, sometimes grad-
ually, retaining a car as an emblem of waning independence (Schwanen
& Paez, 2010). Those without a car have been found to be at increased
risk for food insufficiency (Fitzpatrick et al., 2016). As the baby boomer
cohort ages, with the growth in riders 65 and older increasing 41%
between 2009 and 2017 compared to 18% for those 21-35 years old
(Oak Ridge National Laboratory, 2019), bus access to affordable healthy
food for older adults should be a heightened concern.

Also of particular concern, community members with disabilities are
more likely than others to be low-income and to use public transit (Kwon
& Akar, 2022). Echoing findings in other studies, when use of a bus is the
only option, the community members in our study identified physical
limitations, weather, street walkability to bus stops, and limitations in
both the amount of food that can be carried on a bus and affordable
healthy food source options as special challenges for both community
members with disabilities and older adults (Coveney and O’Dwyer,
2009).

Using public buses to access healthy food is a burden that falls
disproportionately on disadvantaged groups such as low-income
households, older adults, and those with disabilities. When trans-
portation choice is restricted to public transit for these groups, publicly
authorized transit planners, who must commonly weigh financial con-
cerns against concerns in pricing, route, schedule, and infrastructure
planning, must pay particular attention to the equity balance. Enhanced
transit connectivity for high-poverty and minority areas should be the
aim, avoiding subpar connectivity as might be found in some urban
areas in the United States (Wyczalkowski et al., 2020).

Our analysis was subject to limitations involving the employment of
several normative measures, including an acceptable maximum travel
time, reflecting a judgement of how long shoppers are willing to travel
on a bus for healthy food; an assumption of the motivation and ability of
shoppers to use bus schedules, albeit supported by evidence; and a bus
stop wait time allowance. However, the study was strengthened by use
of a behavior-based, or positive, accessibility measure in the form of
Google Maps bus travel times based on GTFS and historical data.
Further, to the degree that the community leaders who defined the
acceptable maximum travel time based their collective judgment on
observed behavior in their communities and the degree to which the
prior evidence supported the assumption of bus coordination behavior,
these aspects of our analysis can be held to reside in a gray zone between
the normative and positive. As pointed out by Pdez et al. (2012), the
behavior-based positive informs the normative, and the result provides a
more solid basis for the formulation of policy and programmatic action.

Future research should investigate transit passenger wait-time
tolerance and behavior relative to arrival at transit stops coordinated
with a bus or train. Research is also required to weigh perceptions and
behavior surrounding reasonable acceptable travel times for driving,
bus, and walking across different types of communities and environ-
ments, urban and rural.

5. Conclusion

With the use of a fixed wait time for bus service and combined GTFS
and historical data for bus travel time, our methods offer a way to more
accurately and consistently define service areas for destination points
like healthy food sources. The specification of all travel time compo-
nents and the accuracy of measurement allows clear interpretation of

SSM - Population Health 29 (2025) 101753

the results. The validity of our analyses was increased using community-
generated data to set the travel time parameters and stratify food pro-
viders by affordability. Our methods can be easily extended to other
transit-based access analyses.

Healthy food is important to reducing the risk of chronic disease and
other negative health outcomes. Policy makers, transportation planners,
and political and health leaders committed to promoting healthy,
affordable, equitable, food environments should incorporate the use of
public transit. With an understanding of the limitations and barriers
transit presents, particularly for those in greatest need, such as older
adults and those living with poverty or disabilities, access for all can be
improved.
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