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Abstract

The creation of the General Transit Feed Specification (GTFS) in the mid-2000s
provided a new data format for cities to organize and share digital information on
their public transport systems. GTFS feeds store geolocated data on public transport
networks, including information on routes, stops, timetables, and service levels. The
GTEFS standard is now widely adopted by thousands of transport authorities and a
wide variety of software applications for different purposes, including trip planning,
timetable creation and accessibility analysis. Yet, there is still a lack of tools to parse
GTFS data when the objective is to analyze the complex spatial and temporal pat-
terns of public transport systems. This paper presents {gtfs2gps}, a new general-
purpose computational tool to easily process static GTFS data that allows one to
analyze the space—time trajectories of public transport vehicles at fine spatial and
temporal resolutions. {gtfs2gps} is an open-source R package that employs paral-
lel computing to convert GTFS feeds from relational text files into a trajectory data
table, similar to GPS records, with the timestamps of vehicles in every trip. This
paper explains the package functionalities and demonstrates how {gtfs2gps} can be
used to articulate key concepts in time geography to explore and visualize the spatial
and temporal patterns of public transport networks. We also present a case study
looking at how {gtfs2gps} can be used to examine socioeconomic and spatial-tem-
poral inequalities in access to public transport, providing key information to moni-
tor cities’ progress toward the Sustainable Development Goals. The paper is accom-
panied by a computational notebook in R Markdown to support reproducibility of
the results in this paper and to replicate the analysis for other contexts where GTFS
data are available. Given the widespread use of GTFS, {gtfs2gps} opens new pos-
sibilities for researchers to examine the time geography of public transport systems
in urban areas across the globe.
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1 Introduction

The digitization of modern society has substantially changed how we understand
the relationships between people, places, and mobility patterns. This has been no
different when it comes to how we plan and organize public transport services in our
cities. The creation of the General Transit Feed Specification (GTFS) standard in
the mid-2000s (Antrim and Barbeau 2017) provided a new data format for cities to
organize and share digital information on their public transport systems. The popu-
larity of GTFS is due to its simplicity and machine-readability. GTFS feeds are now
widely adopted by thousands of transport agencies worldwide,' and a wide variety
of commercial and open-source software have been developed on top of the GTFS
format to perform trip planning (e.g., Google Maps, Moovit), routing and accessibil-
ity analysis (OpenTripPlanner, R5), and timetable creation and management (Trans-
Loc, Trillium). Yet, there are still just a handful of tools to parse GTFS data in a
simple and convenient way (Herszenhut et al. 2021; Poletti et al. 2021), in particular
when the objective is to analyze the complex spatial and temporal patterns of public
transport systems as well as the space—time trajectories of vehicles at fine spatial and
temporal resolutions.

This short paper presents {gtfs2gps}, an R package to convert static GTFS
feeds from relational text files into a trajectory data table, similar to GPS records,
allowing one to keep track and analyze the space—time properties of vehicles, trips,
routes, and transport systems. We introduce {gtfs2gps} functionalities and dem-
onstrate how they can be used to process GTFS data and articulate key concepts
in time geography to examine the spatial and temporal patterns of public transport
systems. Time geography provides a conceptual framework for investigating how
human activities and mobility patterns are physically constrained or shaped by space
and time (Miller 2017). The original development of time geography in the 1970s
by Higerstrand (1970) was a feat of imagination that allowed scientists to under-
stand the space—time fabric of human mobility at a time when there was so little
data and computing power available. Since then, time geography has been increas-
ingly applied to study animal movement ecology (DemSar et al. 2015) and, more
commonly, human behavior movement embedded in transport networks (Long and
Nelson 2013; Neutens et al. 2011).

The growing use of time geography has been fueled by the increasing availabil-
ity of GPS trajectory data from vehicles and smart phones (Song and Miller 2012;
Yang et al. 2017, 2020) as well as public transport in GTFS format (Lee and Miller
2018, 2020). It has also been made possible due to the remarkable advances in geo-
graphic data science and open-source development seen in recent years (Single-
ton and Arribas-Bel 2021), with the growing recognition of open-source software

! GTFS feeds of several cities can be downloaded from repositories such as https://www.transit.land or
https://transitfeeds.com.
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development as a vital part of academic research to support open reproducible sci-
ence (Arribas-Bel et al. 2021; Rey 2009; Wolf et al. 2021). This paper falls into a
growing literature developing open-source applications for geographical analysis for
transport planning (Lovelace 2021). The {gtfs2gps} tool presented here provides a
simple way to overcome the technical challenge that is to take flat GTFS files and
unravel the space—time patterns of public transport networks, thus helping to better
represent the time geography of Higerstrand’s imagination. This paper has a practi-
cal purpose to show how {gtfs2gps} can be used to visualize the space—time trajec-
tories and patterns of public transport systems. For a more in-depth exploration of
the theoretical and mathematical underpinnings of time geography concepts, see the
works of Miller (2005, 2017) and Sui (2012).

To support reproducibility (see Paez 2021; Brunsdon and Comber 2021), this
paper is accompanied by a computational notebook in R Markdown that allows one
to easily reproduce the results presented in this paper and replicate the analysis and
data visualizations for other contexts where GTFS data are available.

Apart from this introduction, this paper is organized as follows: Section 2 pre-
sents the basic structure of the GTFS data format. Section 3 gives a general expla-
nation of the main algorithm behind the core function of the {gtfs2gps} package.
Section 4 presents a few examples and data visualizations that illustrate how one can
analyze GTFS data with {gtfs2gps} to shed light on the time geography of public
transport systems. Finally, Sect. 5 presents some final remarks with reflections on
the time geography of public transport networks. The computational notebook to
reproduce the analysis and visualization in this study is available as supplementary
material, also available as a GitHub repository: https://github.com/ipeaGIT/gtfs2
gps-time_geography.

2 GTFS data

The General Transit Feed Specification (GTFS) is a standard data format to store
and organize data on the infrastructure and planning services of public transport sys-
tems. A GTFS feed is a zipped archive that gathers multiple text files with geolo-
cated data and detailed information on routes, stops, timetables, and service levels
(Fig. 1). Each file in a GTFS feed is a plain text file with standard columns and
formats. Similar to a relational database, key columns link the information between
routes, trips, timetables, stops, etc. These key columns are highlighted as the end-
points of the arrows in Fig. 1. GTFS is an open and collaborative data specification
format.

The “stops.txt” file, for example, brings the spatial coordinates of all the stops
and stations, which are uniquely identified by the “stop_id” column. The “routes.
txt” file defines every unique route in the public transport system with the column
“route_id", and brings information such as the transport mode (column ‘route_type’)
and the transport agency (‘agency_id’) running each particular route. Meanwhile,
the “trips.txt” file brings information for every trip in the system. Every trip has a
unique id (trip_id") and it is associated with several other information such as the
days of the week when that trip occurs (specified by the ‘service_id’ column) and
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Fig. 1 Schema of the general transit feed specification (GTFS) data format

the spatial trajectory if that trip (specified by the ‘shape_id’ column). The detailed
information of the weekly time table of the service is presented in detail in the “cal-
endar.txt” file, while spatial coordinates of the trip trajectory are presented in the
“shapes.txt” file. The “stop_times.txt” file, in turn, brings information on what are
the sequence of stops served by each trip at what are the expected arrival and depar-
tures times from each stop. The frequency of each trip can often be derived from the
“stop_times.txt” file but some GTFS feeds also include a “frequencies.txt” file with
that information. It is the key columns in each file that allow {gtfs2gps} and other
computational packages such as gtfstools (Herszenhut et al. 2021), r5r (Pereira et al.
2021) and OpenTripPlanner to associate and connect information between routes,
trips, stops, timetables, etc. Figure 1 only illustrates a few of the most important files
and columns but more information about other files and extensions of the GTFS
standard can be found at https://gtfs.org/.

This description applies mostly to GTFS static feeds, and not to GTFS real-time,
an extension of the GTFS format that uses automatic vehicle locating data to provide
real-time information about current arrival and departure times of vehicles. A caveat
about using static GTFS data is that they are based on information on scheduled
services. Consequently, the information on this type of dataset typically does not
consider the variability of travel time estimates due to unplanned factors such as
a temporary decrease in road capacity, traffic crashes, or nonrecurrent congestion
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levels. Recurrent congestion, nonetheless, is normally accounted for by transport
authorities in the planning of timetables.

The relative simplicity of the GTFS format, its ability to capture numerous enti-
ties in space and time efficiently in a small number of files, has contributed to its
popularity among transport agencies. The widespread use of the GTFS standard has
also helped to create a common ground for developers, researchers, and planners to
create and share computational tools to process and analyze public transport net-
works in multiple contexts across the globe. In recent years, several computational
tools have been developed to manipulate GTFS data, such as gtfsrools (Herszenhut
et al. 2021) tidytransit (Poletti et al. 2021), or to perform routing and accessibil-
ity analysis, including opentripplanner (Morgan et al. 2021) and r5r (Pereira et al.
2021). More recently, Dardas et al. (2022) developed a geospatial workflow to cal-
culate different reliability metrics and speed performance of public transit systems
based on real-time GTFS feeds. The {gtfs2gps} package complements these existing
tools currently by introducing tools to convert static GTFS feeds from relational text
files into structured GPS-like data tables that can be more easily handled, processed,
and analyzed.

3 The {gtfs2gps} package

While the simplicity of the GTFS data format makes it easily machine-readable, the
structure of relational tables is less human-friendly. The package {gtfs2gps} con-
verts GTFS feeds from relational text files into a data table similar to GPS records
with timestamps that represent the trajectories of vehicles. The package is developed
in R, an open-source programming language, and it leverages parallel computing for
efficient computation https://github.com/ipeaGIT/gtfs2gps.

The main function of the package is named “gtfs2gps’, after the package. The
function has two main inputs, a GTFS zipped file and the maximum spatial resolu-
tion of the output. The function executes the following steps:

1. Spatial sampling of points along route shapes for each transport route in the
GTFS, the function samples several spatial points along the route shape to guar-
antee that the distance between two consecutive points will never be greater than
the spatial resolution set by the user. By default, the spatial resolution is set to
100 m. Finer resolutions lead to more accurate representation of vehicles’ spatial
trajectory at the cost of computation performance.

2. Snap stops to route shapes oftentimes, the geographical coordinates of stops in
GTEFS feeds are not precise. To address this issue, the function snaps public trans-
port stops to the nearest point in the route shape, keeping the ordered sequence
of stops.

3. Calculate network distance between stops next, the function uses the data gener-
ated in the two previous steps to calculate the network distance between each pair
of consecutive stops and the total distance of each trip. This is done considering
the Euclidean distance between consecutive points sampled along the route in
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step one. Using finer spatial resolutions in step one lead to more accurate distance
estimates along the street network.

4. Calculate trip duration trip duration is calculated based on the timetable recorded
in the GTFS, indicating the expected time of arrival and departure of the vehicle
for each trip at each stop. The function calculates the travel duration between each
pair of consecutive stops and for the whole trip.

5. Calculate trip speeds next, we use the data generated in steps (3) and (4) to
calculate the vehicle speed between each pair of consecutive stops for each trip.
The package assumes each trip presents a constant average speed between two
consecutive stops, but it captures how speed values can vary along the route
and at different times of the day based on the arrival and departure times from
the GTFS input data. Oftentimes, though, GTFS feeds only have information
about the departure time from the first stop and the arrival time at the last stop of
each trip. In these cases, we assume the trip will have a constant average speed,
which is automatically calculated considering the total length and duration of
the trip. While this is a reasonable simplification for most trips, it might generate
additional data inaccuracies for routes entering and/or leaving highly congested
segments.

6. Interpolate space—time positions finally, the {gtfs2gps} interpolates the space—
time position of each vehicle in each trip at the spatial resolution set by the user
by considering the network distance and speed between stops. In other words, the
function estimates the timestamp when each vehicle will be at each of the spatial
points sampled along with the route shape, created in step 1.

The ‘gtfs2gps()’ function can run this sequence of steps in parallel on all route
shapes and trips present in a GTFS feed. The output of the function is a trajectory
data table with a similar structure to traditional GPS data sets. The Code block 1
shows how a GTFS feed can be processed to generate a table with GPS-like records
using the ‘gtfs2gps()’ function, and how the output looks like. In this paper, we use a
GTFS feed published by the Urban Transport Metropolitan Agency (EMTU) of Sao
Paulo, Brazil, valid from June/2019 until January/2020. This GTFS feed is available
as supplementary material for this paper. For this article, we used {gtfs2gps} ver-
sion v2.0-2.
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Code block 1: Load libraries and convert a GTFS data feed into a data table with GPS-like format.

# Load gtfs2gps other library
library(gtfs2gps)

# address of gtfs file
gtfs_file <- system.file("extdata/saopaulo.zip", package ="gtfs2gps")

# convert gtfs to gps-like data table
df <- gtfs2gps::gtfs2gps( ‘gtfs.zip’, spatial resolution = 100, parallel = TRUE)

head(df$shapes)

shape_id shape_pt_lat shape_pt_lon shape_pt_sequence
1: 52421 -23.52212 -46.56379 1
2: 52421 -23.52157 -46.56276 2
3: 52421 -23.52129 -46.56222 3
4: 52421 -23.52124 -46.56212 4
5: 52421 -23.52108 -46.56183 5
6: 52421 -23.52265 -46.56161 6

id shape_id trip_id trip_number route_type shape_pt_lon shape_pt_lat departure_time stop_id
1: 1 50784 407E-10-0#1 1 3 -46.44303 -23.63370 00:00:00 770007651
2: 50784 407e-10-0#1 1 3 -46.44290 -23.63336 00:00:26 <NA>
3: 3 50784 407E-10-0#1 1 3 -46.44285 -23.63315 00:00:42 <NA>
4: 4 50784 407e-10-0#1 1 3 -46.44270 -23.63269 00:00:52 770007650
5: 5 50784 407E-10-0#1 1 3 -46.44269 -23.63263 00:00:53 <NA>
6: 6 50784 407E-10-0#1 1 3 -46.44275 -23.63234 00:01:00 <NA>

stop_sequence dist cumdist cumtime speed

1 0.000000 [m] 0.00000 [m] 0.00000 [s] .558455 [km/h]

RV

NA 39.873149 [m] 39.87315 [m] 25.82432 [s] 5.558455 [km/h]
NA 24.678450 [m] 64.55160 [m] 41.80762 [s] 5.558455 [km/h]
52.793554 [m] 117.34515 [m] 52.01429 [s] 18.620850 [km/h]
NA 6.587615 [m] 123.93277 [m] 53.28788 [s] 18.620850 [km/h]
NA 33.248587 [m] 157.18135 [m] 59.71588 [s] 18.620850 [km/h]

OV A WN R
~
v

4 The time geography of public transport networks

Geovisualization is an important element in time geography research (Kwan, 2004).
Package {gtfs2gps} makes it possible to visualize and explore transit trajectories
in ways that were not easily done before. The output of the {gtfs2gps} allows one
to examine the individual space—time path of a public transport trip using a 3-D
space—time aquarium, as originally proposed by Hégerstrand (Kwan 2000). Fig-
ure 2 shows the space—time trajectory of a given bus trip in the public transport
system of S@o Paulo. In this figure, time is represented on a third orthogonal axis,
while bus stops are represented with red dots. In traditional public transport systems
with fixed routes, vehicles should follow a fixed itinerary with a sequence of stops
according to a predetermined level of service. The boarding/alighting of passengers
can be understood as ‘fixed activities’ that occur at public transport stations. These
stations are sparsely distributed in space and time, where vehicles are expected to
arrive at and depart from according to a planned timetable recorded in the GTFS
feed. In this sense, it is possible to say that, from a transport planning perspective,
the programmed boarding/alighting of passengers for a given trip acts as a set of
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5:04

b
B

Fig.2 Space-time path of a single public transport trip in Sao Paulo, Brazil

‘space—time anchors’ with predetermined timing and limited durations at relatively
few discrete locations in space and time. The duration of boarding time is equiva-
lent to a ‘stationary activity time’. Figures 2, 3 and 4 are presented as static images,
but the code to create these figures allows for interactive visualization of the maps.
The code necessary to replicate all the analyses and maps presented in this study is
available as a computational notebook in R Markdown from the GitHub repository
https://github.com/ipeaGIT/gtfs2gps-time_geography.

Each public transport route consists of multiple trips departing at different times
of the day. This trip frequency set by transport agencies can also be visualized in a
3-D space—time aquarium with a sequence of space—time paths, one for each trip,
stacked over time. Figure 3 shows the space—time paths of the trips of a same route
between 7:00 am and 10:00 am on Monday and Sunday to illustrate how differences
in frequency levels for a given route can be visualized. Vertical spacing between
each departure time in the z-axis gives us a compelling visual understanding of

(A)Monday (B) Sunday

9:54

9:44

9:14

Fig.3 Space—time paths of multiple trips of a public transport route between 5 and 10 am in S@o Paulo,
Brazil
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Fig.4 Bundling of space-time paths of routes/trips that arrive at a selected bus stop within a 10-min
window. Sdo Paulo, Brazil. Note: Red points indicate the start position of each trip (color figure online)

how trip frequencies vary throughout the day (Fig. 3A) and across days of the week
(Fig. 3B).

Another key concept in time geography is the notion of path bundling, which
refers to the spatial and temporal intersection or convergence of two or more
space—time paths (Miller 2005, 2017). Path bundling articulates the potential co-
location of agents to jointly participate in a given activity. After parsing the GTFS
data generated by {gtfs2gps}, one can query for example all the bus trips that would
allow two or more individuals to meet at a given stop within a certain time window.
In this example, we find trips arriving at a selected bus stop within a 10 min time
window, between 08:41 am and 08:50 am. This type of query tells us at what time
each individual would have to start their trips and which public transport routes they
should take to meet at an agreed stop within that given time window. The bundling
of the space—time paths of these trips is shown in Fig. 4.

5 Application

In this section, we illustrate how the {gtfs2gps} package can be used to address a
particular research question: How do public transport service levels differ for differ-
ent income groups at different times of the day?

Providing access to sustainable transport systems is instrumental in promoting
economic development and making cities more inclusive and sustainable (Banister
2002; Holden et al. 2018). Recognizing this, the United Nations included among its
Sustainable Development Goals (SDGs) the target to provide convenient access to
public transport with special attention to the needs of those in vulnerable situations
(United Nations 2015). As local governments increasingly incorporate the SDGs
into their policy agendas, we need to grapple with the question of how ‘convenient’
access to public transport should be defined.
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Defining minimum levels of public transport provision is an open-ended ques-
tion in the transportation equity literature (Lucas et al. 2016; Pereira and Karner
2021). Nonetheless, a general recommendation by UN-Habitat (2018) is that a defi-
nition of ‘convenient’ access to public transport should, whenever possible, be based
on at least two aspects. The first one is spatial proximity. The UN-Habitat (2018)
recommends that people’s distance to public transport stops should be shorter than
500 m (considering either Euclidean or network distance). The second aspect is the
temporal availability of public transport, which speaks directly to the level of ser-
vice frequency and how it impacts people’s waiting times. Here, there is no spe-
cific frequency level recommended by UN-Habitat or agreed upon in the literature.
Whatever threshold values of proximity and service frequency are chosen to define
convenient access, understanding how service levels differ for different socioeco-
nomic groups and at different times of the day becomes critical from an equity point
of view.

Here, we demonstrate how the {gtfs2gps} package can help researchers and poli-
cymakers examine the socioeconomic and spatial-temporal inequalities in access to
public transport services. As a case study, we analyzed the GTFS data of the public
transport system of Sdo Paulo (Brazil) on a typical business day in October 2019.
Data on the spatial distribution of the population and socioeconomic characteristics
come from the latest census of the Brazilian population, conducted in 2010. Popula-
tion and socioeconomic data were spatially aggregated over an H3 hexagonal grid at
resolution 8, where each cell has an area of 0.74 km?; this is approximately the size
of a typical city block. Each hexagonal cell was classified by income decile based on
the average household income per capita of its resident population.

The first step of the data analysis was to run the ‘gtfs2gps()’ function, converting
the GTFS of Sao Paulo into a trajectory data table. This allowed us to calculate the
frequency of public transport vehicles at every single public transport stop at 10-min
intervals throughout the day. Next, we used a spatial intersection operation to deter-
mine the hexagonal cells in which each stop falls into, and associate each stop with
the income level of the population in its closest proximity. The code used in these
operations is presented in the supplementary material.

By merging these intermediary results, we can calculate the average frequency of
public transport services at stops that intersect hexagons of different income levels
across different times of the day. These estimates are presented in 2D and 3D in
Fig. 5, where the Y axis presents information on income levels, the X axis represents
the time of the day divided into 10-min intervals, and values in the Z axis and color
vary according to public transport frequency levels.

As expected, the public transport services in Sao Paulo are planned with higher
frequency at the morning peak (between 6 and 9 am) and afternoon peak (between
5 and 7 pm) to cope with higher passenger demand during these periods. However,
the level of service frequency is remarkably higher among higher-income groups
(deciles 9—10). During the morning peak time, the average service frequency in the
20% richest areas was 4.904 vehicles per hexagon; this is 28% higher than the aver-
age frequency provided to low-income regions between the first and fifth income
deciles (3823 vehicles per hexagon). This difference is more striking at the morning
peak, but it persists throughout the day, except for late evenings (between midnight
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Fig.5 2D and 3D representation of the average frequency of public transport services in regions of dif-
ferent income levels across different times of the day, Sdo Paulo, 2019

and 4 am) when there are virtually no services operating. Additionally, we can also
see that the peak service in low-income areas (deciles 1-4) starts slightly earlier than
the peak service for high-income groups. This is possibly planned to accommodate
the fact that low-income communities in Sdo Paulo generally live in urban peripher-
ies and have to leave early to work/study due to significantly longer commute times
(Pereira and Schwanen 2015).

These results show remarkable inequalities in the spatial and temporal access
to public transport services in Sao Paulo. It also shows how these inequalities are
persistent through most of the day, particularly during business hours when public
transport is critical for low-income communities to access employment opportuni-
ties, education, and health services. This kind of analysis is fundamental to inform
public debates about how cities should set their policy targets of convenient access
to public transport, and how such targets should account for the interplay between
socioeconomic, spatial, and temporal inequalities. The {gtfs2gps} package makes it
very easy for researchers and policymakers to conduct this and other types of analy-
sis that need to consider in detail the time geography of public transport systems.

6 Discussion

In this paper, we illustrated how the {gtfs2gps} package can convert GTEFS feeds
from relational text files into a structured trajectory data table, allowing one to
examine the spatial-temporal patterns of public transport systems. In this sense, the
{gtfs2gps} package can help researchers to visualize the space—time paths of public
transport vehicles and articulate key concepts in time geography in the context of
big data and transport analytics.

It is important to note that there is a difference between traditional applications of
time geography to study human mobility and the application of time geography to
cast light on the spatial-temporal organization of public transport systems, as pre-
sented in this paper. The framework of time geography is commonly used to ana-
lyze the mobility patterns of humans, who have agency about the possible activities
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they engage in and on how they navigate transport networks. Because of this agency,
concepts such as potential path area and space—time prism become critical to reflect
on issues of uncertainty and potentiality underlying human mobility. In conventional
public transport systems, by contrast, fixed transit routes are designed in such a way
that vehicles on each trip have to abide by a predetermined space—time path sched-
uled by a transport agency.

While the spatial paths of public transport routes are fixed, the temporal paths
might vary due to traffic or weather conditions, for example. In this case, there is
no uncertainty about the spatial trajectory of vehicles. There are only travel time
uncertainties about whether the transport services will be able to follow the timeta-
bles according to the schedule. This would be equivalent to considering the board-
ing of passengers at public transport stops as spatially fixed and temporally flexible
activities (Charleux 2015). As a result, some concepts from time geography such
as space—time prism and potential path area might not be directly applicable to the
study of conventional public transport systems. Further research could investigate
how concepts like potential path area (PPA) could be adapted to capture the notion
of potential time window to study mobility patterns where there are only temporal
uncertainties related to service reliability. This research agenda could benefit from a
growing literature developing methods to enrich GTFS feeds with data from smart
cards and onboard GPS devices that record historical public transport speeds (Arbex
and Cunha 2020; Wessel et al. 2017).

The gfs2gps package is intended as a general-purpose tool to create public trans-
port data outputs that open up possibilities for multiple applications based on GTFS
data. A recent study has used {gtfs2gps} to compare the distributions of bus stop
spacings across cities in the USA (Pandey et al. 2021), a research question with
important implications for service convenience and accessibility (Wu and Levinson
2021). Nonetheless, this type of output could have much broader applicability. For
example, {gtfs2gps} applications could be used to create interactive data visuali-
zations, simulate and visualize changes in public transport networks or even com-
pare the time geography of public transport systems across different urban areas.
The authors of this study are currently developing a new computational method to
estimate public transport emissions from GTFS data using the output of the gfs2gps
package.

Recent innovations in the management and planning of public transport data open
up new opportunities to apply and develop time geography concepts, but they also
raise new challenges for the development of computational tools to organize and
process large swaths of data. The story of GTFS illustrates how a global standard
data format can create a common ground for transport agencies, researchers, and
software developers to build new transport planning tools in different parts of the
world and learn from one another. It also creates new opportunities for researchers
to delve into and visually explore the time geography of public transport systems.
We hope the {gtfs2gps} package can be helpful in this endeavor.
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