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To transitriders everywhere.
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SUMMARY

Until recently, transit data lacked a common data format that could be used to
share and integrate informatiamong multiple agencies. 8005 however, Google
worked with TrtMet in Oregon to create the General Transit Feed Specification (GTFS
an open data format now used by all transit agencies that participate in Google Maps.
GTFS feeds contain data for schistl transit service including stop and route locations,
schedules and fare information. The broad adoption of GTFS by transit agencies has
made it a de facto standard. Those agencies using it are able to participate in a host of
traveler services designéat GTFS, most notably transit trip planners. Still, analysts
have not widely used GTFS as a data source for transit plapetagise of the newness
of the technologyThe objective of this project arto demonstrate that GTFS feeds are
an efficient dataource for calculating key transit service metrics and to evaluate the
validity of GTFS feeds as a data source.
the author created a tool called GTFS Reader, which imports GTFS feeds into a database
using ope-source products. GTFS Reader also includes a series of queries that calculate
metrics like headways, route lengths and stp@acing. To evaluate the validity of GTFS
feeds, annual vehicle revenue miles and hours from the National TDateiiaseNTD)
are compared to the calculated values from agencies whose GTFS feeds are available.
The key finding of this work is thatell-formedGTFS feedsare an accurate
representation of transit networks and that the method of aggregation presented in this
researcltan be used teffectively and efficientlycalculate metrics for transit agencies.
The daily aggregation method is more accurate than the weekly aggregation method, both
introduced in this thesis, but practical limitations on processing time favor théyweek
method.The reliability of GTFS feed data for smaller agencies is less conclusive than
that of larger agencies because of discrepancies found in smaller agencies when their
GTFSgenerated metrics were compared to those in the NiB.research will bef

particular interest to transit and policy analysts, researchers and transit planners.
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CHAPTER 1
INTRODUCTION

Background
Transit planning and decisianakingareincreasingly datariven processs that
requireextensive measurement of various metrics including ridershipien
performance and hours of service provid&ithoughthe methods of analysis are well

documented in th&ransit Capacity and Quality of Service Man(gland textbooks

such a3/ u ¢ h Urbab $ransit: Operations Planning and Econorffi§shere is a large

gap on the subg of obtainingor collectingdatafor analysis Even the latestansit
guidance documents recommend ugingtedtimetables as viable sources of
information about transgervice(1), arecommendatiothat is increasingly outdated
Otherdocument maysimplyignore the taskf data acquisitiom thar guidance

A trend now codified in federal dol/ calledfiopen datacalls for the availability
of public data in machine readable form@gand has beediscusse@nd advocated for
in the transportation fielf#). The gen datdarendis proving itself to havemanyindirect
benefitsto the transportation industrgne of which is the availability atructureddata
for transit analysis. Having structured transit data available to the public has allowed for
the proliferation of apps and user\sees, but it has alsallowedfor its useas a data
sourcen transit analys. A few project specific examples were presertetthe last two
meetings of the Transportation Research Bodrdre GTFS data was used as part of an
analysig(5i 7), but there are many more opportunities for using this data that will be

discussed in this thesis



Motivation

This poject is motivated in part by proposals made by the National Center for
Transit Research which identified GTFS as a potential data source for transit amalyses.
that report, Catala, Downing and Hayward explained in great detail the potential for GTFS to
be used as a data source in various business activities including, most significantly, service
evaluations and plannir(@). GTFS is a standard that is shared by hundreds of trangiteser
providers around the world, therefary methodology that effectively utilizes data in that
format can be applied to a vast number of agencies and services. This provides new
opportunities for performance measurement, benchmarking and research. For example,
modes can be characterized basetheir service frequencies, route lengths and stop
densities in a way that was previously impractical due to thedigitized and un
standardized format of transit information.

Still, static scheduldatais limited inits ability to support decision madg as most
performance measures are concerned with what actually takesaileeethan what is
scheduled. Anothenotivating factor in this research isuaderstand thasefulness and
validity of openagencyendorsed dataseits general Trends inopentransit datare fast
moving and already includ#atasetsvith reattime vehicle location informatigriuture data
may even include granular ridership informati@he ability to track ottime performance
and reliability through open data will happen saod this research can be used as a basis for

evaluatinghe usefulnes®f agencygenerated information.

Objective
The objective of thisresearclareto demonstrate that GTFS feeds are an efficient
data source for calculating key transit service metrics and to evaluate the validity of
publishedGTFS feeds as a data soubgebatch processing them and comparing the
results tametrics inthe NTD. By doingso, future researchers and individuals involved in
transit analysis will be better informea the use and limitations of GTFS ddthais

thesis documents the capabilities and processes used to generate performance measures,



which will be of interest toesearchers and analysésnong otherdn addition, a detailed
methodology for calculating systewide performance measures comparable to those in
the NTD will be useful for anyone pursuing additional research in this field using open

data for performancemeasurement.

Outline

Chapter 2 of this thesis is a literature review of three main topics relevant to the
research: open data in transit, the &ahTransit Feed Specificatioand performance
measures in transit. This literature review will form a fourmmtaon which the data
methodologies are based. These methods are described in Chapter 3 which explains how data
is compiled and processed for use in generating performance measures. Additionally, Chapter
3 contains an analytic demonstration of the povi¢he data methodology by analyzing the
i ndustryods us e computing stagevel Ipeadevays$ ancrautevelstop
densitiedor an example agencit also calculates systemide headway metricacross 50
large agencies in North America. FilyalChapter 4 describes an attempt to validate the use
of GTFS data by comparing two metrics found in the National Transit Database for a
selection of transiagenciesn the United States in FY 201€hapter 5 discusses the findings

and conclusions for threportalong with gaps that future research could fill.



CHAPTER 2
LITERATURE REVIEW

This projectexplores thepportunities fotransitanalysis using a new data source
availableto the transit industry anattempts to validate the dataurceby comparing
metricsderived from that datep existingmetricsfrom the National Transit Database
(NTD). To that end, this chapter explores the major concepts surrounding open data, a
key requirement to capitalizenahe opportunities of the dathe Gemral Transit Feed
Specification (GTFS), the dastandard used in the analysisd an overview of popular

performance measures that may be applicable for calculation using GTFS feeds.

Open Data

Following a trend among public agencies to improve transpgr@md invite
broader participation in the design of citizen services, many transit agencies have begun
to publish theilschedule data onlirfer public consumpon; this approach is referred to
asfiopen datax The open data movement has been influerttialiitghout the last few
years as public sector culture has begun to accept the notion that data should be in the
public realm. An executive order from May 2018Making Open and Machine Readable
the New Deéult for Government Informatioalaid federal grandwork forhow open
data should be incorporated into the culture of public agencies. In the implementation
gui dance of this executive order, open dat
structured in a way that enables the data to be fully diseole and usable by end
use@ps. 0

The same memorandum recalls the openness associated with weather and GPS
daa, and how thabtpennes$ueled innovation in warning systems, navigation systems
and farming toolsThat mentality is shared by many who advocate for open data and
argue that many kinds of innovation rely on open data to succeed, even if the direct

posiive benefits for agencies are not readily apparent. Hemerly writes:



A [o$itivg impacts are often one or two steps down the chain from the
original decision, event, or policy. It is difficult to say that thpeningof

transit data is responsible, buis clear that the information system built

on the data, and the entry points they offered to developers, have had a
positive effect. In largscale systems, it is difficult to isolate data as
individual variables to effectively measure their impat0)

This notion is supported by tllemputer scienctheory of complementarities, which
suggests that coordinated activities yield higher and more efficient returns than
uncoordinated activitieshat they are greater than the sum of their pékig.Open data
by itself is not going to prove its value, but the digital artifach$ support agencies or
constituents in concert with that data have valie benefits cannot be fully predicted
because there is value in data that will only be realized when developers or engaged
citizens make use of it and share insights aboutit. TaR®e i | | vy, an i nf |l uent
leader on the subject suggests that government should act as a platform on which citizens
and developers can build; by releasing data, governments allow citizens to develop user
services, research and other benefits thagitivernment agency itself would never
pursue because of their narrowly defined miss{@23 As it pertains to transit data, one
of the primary results of agencies relegstlata is a host of new methods for delivering
customer informatiofi8, 13)

The magnitude ahe publicvalueof open datas widely discussed in nen
academic settingsith enthusiasn{l14i 16), althoughthe empirical studythat introduced
the complementarity theomgarliersuggests that the tangible value of open data is usually
overstated11).

The open data trend is stroimgthe transit sectoA 2013 survey of transit
agencies conducted by the American Public Transportation Association (APTA) notes
that 88 percent of large agencies and just under half of small agencies surveyed provide
static schedule data to thipérty app developersa proxy foropen datda separate

guestion asked about those using Google Maps specificabput twathirdsof all



agencies in the surveparticipated on Google Trangit7). The market drive for use of
Google Transit has likely hadgaeat impact on the high adoption rate of GTFS and the

subsequent opening of that data to tedties other than Google.

General Transit Feed Specification GTFS) and Transit Data

History of GTFS

The General Transit Feed Specification (GTR®3t introduced in 2005, is the
result of a project between Google and TriMet in Portland to create a tranpiatuiper
using the Google Maps web application. Because of the collaborative approach to its
development, the specification was designed to be sifopégencies to create, easy for
programmers to access and comprehensive enough to destiiiigcate transit
system(14) GTFS identifies a series of comma separated files which together describe
the stops, trips, routesahdar e i nf or mati on about an agenc)
feed for general use in mRDO7 and it propagated widely as agencies translated their
transit schedules into the format. The feed is the most used standard for static transit data
exchange inhte United States today. According to data from the GTFS Data Exchange
as of July 2012, just over 25 percent of agencies in the United States published open
transit data in GTFS format (6).
Primary Functions of GTFS

According to the tsgteicor idefiags@dofm@ds doc u me
format for public transportation schedules and associated geographic information. GTFS
deed®allow public transit agencies to publish their transit data and developers to write
applications that consume that data in darperable wag.(18) This succinctly
describes its purpose and highlights a number of lkagents of the specification. The
first is that it covers static schedule and map data (as well as fare information), but does

not include any redime vehicle location or prediction information. Secondly, the



description envisions agencies publishingppdataonevay wor k f |l ow t hat
require tweway interaction with a potentially large number of developers. Lastly, it
highlights the idea of interoperability which has been a key driver in the broad adoption

of the specification as apps written foany different agencies are transferrable to others

when using GTFS.

d

The description provided in the documen

applications that would be developed, Aubok atmost apps using GTR8ndto
providetravelers withnformation about various transit systerfibe formats and
mechanisms for providing that information vary widely among mobile apps, websites and
other services, but are generally created to deliver some kind of personalized information
to a travelefl9). Exceptions to this include visualizations of transit mover(oit
geospatiahpplications that leverage the geographic information in GTFS feetisks
like apartment searchirn{@l), or othergeneral interest applications
Alternative Uses for GTFS Data

An important precursor to this study is a report produced by & &alvning and

Hayward that described the potential for alternative atése GTFS while proposing

updatestoit. Init,theywrottehat A GTFS data provides a cl ear

service and can be very helpful in understanding [the impact of service ch@@)ges] T h e y
highlighted the wealth of visualization techniques that can help degisma&ers understand

the impacts of service changes. Additionally, the report describes the challenges of regional
or state transportation planning due in part to the disparate data sources of multiple local
agencies. The report discussed a case study witldhida Department of Transportation
District 7 office where there was a need to locate Haigiivity bus stops throughout the

region in order to identify pedestrian safety focus areas. Aggregating and keeping their
database upo-date without a standadata feed would have been arduduasieadtheir

research partners used GTFS feeds and simple scripts to maintain their dé22pase.



Somepublic entities areelying on this data for an array of activities including,
for example, travel demand modeling. The Delaware Valley Regional Planning
Commission (DVRPC) modeling group cites tavantagesf GTFS feeds to avoid
manual coding errors, ease data integration amanitiple providers andmprove
general data quality. They also emphasized the importance of easily updating transit
service information when schedules changach was previously a manual ta@s).
Researchers in San Francisco are likewise using GTFS data as part of their transit
assignment model for use as a commome other planning model§s) Two research
efforts presented at the Y2nnual Meeting of the Transportation Research Board in
2013 also make use GTFS datdor singleagency studiesa study fronEcole
Polytechnique de Mordalused GTFS to build public transit trgeneration model§);
anda study from the University of Arizona used GTFS data to explore transit route
restructuring planés). In all instances, research focused on the use of a GTFS feed as a
data set for one region, rather than the use of multiple feeds to represent multiple

agencies whose metrics could be compared as will be shown in this research.

Technical Elements of GTFS

GTFSdescribes a series of LBiquetext filesthat, whercompresseth a .zip
file, form a GTFS feedEach of the text files is formatted as a corrseparatedialue
file and the specific header fields in each text file are prescribed by the spedifidatio
GTFS feed viewed in a typical file explorer is showifrigurel along with the text
contents of a stops.txt fil&dditional tables and fields are allowed in G feeds, but
the minimum requirements are provided by the specification. The files are related to one
another using certain shared values; for example, a trip in the trip.txt file is related to a
route in the route.txt file by sharing the same route_f@léin both files. This is akin to
a relational database, although not called it in the specificatmahthe text files are often

referred to as tables (as they will be for the remainder of this paper)



@-\H}-v| 1) ¢ Thesis » scripts v gifs_feeds » bartzip v|4¢| Search bart.zip ,D'
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Bl Desktop | agency bt Text Document 1KB 1KB 36%
4 Downloads | calendar.bd Text Docurnent 1KB 1KB 55%
| Dropbox L | calendar_dates.ba Text Document 1KB 1KB 75%
/ Research || fare_attributes.tt Text Document 3KB 1KB 79%
. Scholarships || fare_rules.bet Text Document 31KB 8KB T7%
& YPT Atlanta | feed_info.bdt Text Document 1KB 1KB 15%
. Thesis — | frequencies.bd Text Document 1KB 1KB 57%
/ Job Search | routes.bd Text Docurnent 1KB 1KB 61%
1 Recent Places __ shapes.tat Text Document SKB 1KB 79%
|| stop_times.tet Text Document 1,459 KB 173KB 89%
4 Libraries || stops.bat Text Document 4 KB 2KB 65%
3 Documents || transfers.bd Text Docurnent 1KB 1KB 30%
o) Music | trips.bdt Text Document 49 KB S5KB 92%
il Mew Library
= Pictures | BB m | r
j 13 items
Mj stops.txt - Notepad = | B | S-
File Edit Format View Help
stop_id,stop_name,stop_desc,stop_lat,stop_lon,zone_id,stop_ur] -
12TH,12th s5t. oakland City Center,,37.803664,- o
122.271604,12TH, http:///www.bart. gov/stations/12TH/
16TH,16th 5t. Mission,,37.765062,-122.419694,16TH,http://www. bart.gov/stations/16TH/ =
19TH,19th s5t. oakland,,37.80787,-122.269029,19TH,http://www.bart.gov/stations/19TH/
19TH_N,19th 5t. oOakland,,37.80787,-122.269029,19TH,http://www. bart.gov/stations/19TH/
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122.197273,C0LS,http:/ /www. bart. gov/stations/COLS/
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CONc,concord,,3?.9?3?3?,—122.029095,c0Nc,http:f/www.bart.EovfstatﬁGHEKCONc/
DALY ,Daly City,,37.70612055,-122.4690807,DALY  http://www. bart. gov/stations /DALY,

Figure 1 Zipped fil e structure (above) and sample text file from a GTFS feed
(Screenshots from the authoroés

Theauthor developed database diagram ithatidentifiesthe files fromthe

GTFS(18) as database tables and shoesrelationships that exist amongrthdt also

comput e

showswhich tables and fields are required or optional per the specification. The overall

structure of the database tries to avoid duplicative information by creating cascading



relationships from the most disaggregated information in the shogs tiable to the most
aggregated information in the agency table. As an example, a row of data in the
stop_times table refers to the scheduled arrival and departure of a transit vehicle on a
specific trip; that trip is categorized by a route which is aaiegd by the agency

providing it.
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When generating a GTFS feedetmost important elements to adheratthe
specificationare the use of required fields and files] éime proper relationship of data
among the sepafiles. These structural elements allow a GTFS feed to be read into the
many consumefacing applications that make use of GTda Beyond the structure,
however, the creators of GTFS feeds must ernbatehe data is internally consistent.

For example, stop times (identified by trip_id and stop_id) must be consistently related to
trips (identified by trip_id); if the trip_id differs among those two tables, the relationship
will not be interpreted by GASreliant applications.

There are many wayhat GTFS feeds could be created incorrectly outside the
overview discussed heréhe Google Feed Validator isa@bust opersource tool
available from Googfethatreviews the entries of a GTFS feed and repertors and
warnings including invalid values, duplicate values, unrelated ids between tables and
invalid timing (such as transit vehicles that overtake one another) or route/stop

placements.

Performance Measurement

Transit planning studies often require a varietg@dntitativeanalyses and
metrics to support local decision making and to evaluate a transit system among its peers.
Additionally, performance measurement is relevant to agencies because they may be
requred to collect and report certain informat&md theymay use theno convey the
results of changes to the public or third part{24) In general, their use helps to
succinctly characterize the condition of some aspect of an agency, whetlygraitity
of service offered, quality of operatioosother elements that can be trackemme of
the performance measures that are reported to the NTD are actually used in the formula

grants that provide substantial funding to local transit agencies. As such, the correct

! Available athttps://code.google.com/p/googletransitdatafeed/
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calculation of those measure<i#tical to the equitable distribution of funding for transit
systems around the U.S.

Performance measures are also an increasingly popular policy tool required by
legislation such as MAR1, which requires the use of performance measures and targets
as pat of the planning proces&5) According to industry analysis of the legislation, the
pl anning process will now include Aregiona
targetsthat are coordinated with local trangibviders¢e [ and a] new pl anni
that will establish and use a performance based approach to the national goals [of the
| e gi s |(26) Rulemakingdo implemnt these targets was not yet been finalized at
the time of writing(26). The scope of those performance measures are broader than those
discussed in this research, but nonetheless support the overall needdonance
measuremenilhe successful use of performance measures is linked to the availability of
technical resources to generate those meagirgsA common thread in federal
rulemaking discussions is the need for performance measurements that are commensurate
with availabbe data. The Center for Transit Oriented Development actually points to the
use of GTFS data as a data source for calculating a housing and transportation index for
use in the national ridership mod@8) These suggestions would have an impact on
federalperformance measurement requirements, but there are many other reasons that
agencies would choose to developetiéint kinds of performance measurements.

There are myriad types performance measures asaalyses beginning with
those documented in the Transit Capacity and Quality of Service Manual (TCQSM),
which describes a number of methodologies that aim to prawitrics for service
availability and quality of servic€9). Many aher studies within the past decadedav
proposed additional transit assessment tools and methods related to re{Zm)&y),
service quality(32), and network evaluatiof83)34). In general, however, whether
relying on static or redime datasources, these documents tend to leave data acquisition

for the user to determine. As a specdixample, a Transit Cooperative Research Program
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( TCRP) report on transit performance measu
developed using [schedule, maperations and financial] information require little
investment in staff time or resources, as the data are already being collected for other
purposes and need only be compiled for use in the agency performaasarement
program240 I n practice, however, data acqui sit
consultats or researchers can be very challenging.

Like many other guidance documents, the TCQSM provides analytic methods but
gives little guidance with respect to data sources. This is likely due to the variety of
software solutions and reporting features ke in the transit industry. As a result,
researchers and analysts who try to compare or aggregate data from one or multiple
agencies may face challenges in data acquisition and cleaning. Furthermore, data tools
used in one region may not be applicadikewhere, leading to customized analyses and
increased costs for agencies that outsource this kind of work. When the first edition of the
TCQSM was released, transit agencies in Florida, especially large ones, found it
challenging to use tools that catéte specific data forma(2). Following that
experience, a 2008 report with application guidelines for TCQSM methods recommended
using data from the National Transit Database (NTD) for some an&BBewhich is
challenging given its low resation with systerdlevel data (information is not provided
at the route or stop level).

TheNTD is a reporting system required by federal legislation under Title 49

U.S.C. 5335(a):

(a) NATIONAL TRANSIT DATABASE 6 To help meet the needs of
individual publictransportation systems, the United States Government,
State and local governments, and the public for information on which to
base public transportation service planning, the Secretary of
Transportation shall maintain a reporting system, using uniforeycees

to accumulate public transportation financial and operating information
and using a uniform system of accounts. The reporting and uniform
systems shall contain appropriate information to help any level of
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government make a public sector investnagtision. The Secretary may
request and receive appropriate information from any source.

(b) REPORTING AND UNIFORM SYSTEMS the Secretary may
award a grant under Section 5307 or 5311 only if the applicant and any
person that will receive benefits directhpm the grant, are subject to the
reporting and uniform systen(36)

This enabling legislation requires that any agency requesting funding under traditional
transit funding mechanisms participate in the N8B, thelegislation gives the
secretary and through him the Federal Transit Administration significant latitude in the
kind of information collected and the manner in which it is colleciéé. specific
requirements of reporting to the NTD are made and amendmaththe federal rule
making process which provides notices and asks for input from stakeholders through
notices in the Federal Register.

The following sections discuss widely used performance measures in transit and

the applicability of GTFS in calculaiy or tabulating those measures.

Existing Measures

Transit Capacity and @ality of Service Manual

The Transit Capacity and Quality of Service Manual (TCQSM) is the leading
resource on analytic methods for evaluating transit in the United Sate=d on
guidance in the second edition of the manual, thersiadbfferent performance
measure$or fixed-route transipertaining to availability of transit services and the
comfort/convenience of those services. These two categories could be analyzed at the
systemwide level, encompassing multiple routes and serytbesroute level,
concerning all transit service on a particular route designairahe stop level, which
might contain information for multiple routes or modes that stop at a specific lacation
Tablel summarizes the fixetbute transit service measures from the TCQ38) and

identifies those where GTFS feeds can be used as a data source.
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Based on previous discussion about GTFS feeds and the methodologies discussed
in the TCQSM to calculate the various metribg structured data from GTFS cdide
used to tabulate or calculate some of the measures. A review of the methods shows that
two of the six measures can be calculated exclusively with GTFS feetiseafiodir
others can be calculated using GTFS feeds with supplementalrdgémeral, whe
GTFS feeds can form part of the data needed for any of the metrics shoablad, the
static nature of the GTFS data makes it more effective in availabilitycsiednd less so
for comfort and convenience metricAs part of this demonstration, the methodology
and results in thisvork useaverage headway (TCQSM measure of service availability at

transit stopsjo evaluate the applicability of GTFS feeds astasi.

Table 1 Data requirements in TCQSM analyses Adapted from TCQSM 2™ Ed (29)

Quality of GTFS
Service Category Resolution Measure Applicable  Additional Data required
Availability Transit Stops Average headway Yes None
- Route ;
Availability Segments/Corridors Hours of service Yes None
Availability System Percent_ transit Yes Empl.o‘yment, residential
supportiveareas covered densities
Comlort / Transit stops Passenger Load Yes Passenger counts

Convenience

Comfort / Route

. . On-time performance Yes Archived actual arrival times
Convenience Segments/Corridors

Comfort /

. System Travel Time Difference  Yes Traffic network
Convenience

The third editiorof the TCQSMwas released in 2013 and expands on the second
editionin a number of ways. The most relevahthoseto this research is thremovalof
levels of servicen most analysesnd areorganization of availability concepts that rely
less on the systemoutestop analysis designations, instead relying more on the direct
concepts of frequency, service span and access. Another addition is the designation of an
average system headwatich is based on traditional rodevel cycletime calculations

using data available in the NTQL) This is in contrast to the method provided in the

17



analysis of this work which describes a more directly calculated value based on
individual headways within a system.

Most analytic activitiesn this thesisvere conducted prior to the release of the
third edition of the TCQSM; while there are few substantive impacts on the
methodologies employed, readers should note some of the organizational differences
such as the use of the ssrroutestop level framework.

National Transit Database

The NTD requires two kinds of reporting, monthly ridership reporting and annual
reporting on finances, assets, services provided, resources consumed, employment and
federal funding statistiod87). This work is pecifically concerned with the Service
Modul e, a set of data related to fitransi't
transitservice consumed by passenge(38) The key measures of interest in the
servicesmodule includametrics such as vehicles operated in maximum service,
scheduled vehicle miles, vehicle revenuimand hours, ahtrain revenue miles and
hours.The data required for these metrics are documented in the NTD Reporting Manual
which is a large volume providing guidance to reporting agencies.

In generalthe NTD requires information that can easiythbulatedn orderto
reduce the probability of misinterpretationerrors. Most of the values in the service
module, for example, are sums of sendeg¢a such as the time vehicles are in service
according to time tables (vehicle revenue hours) ontimeber of hours of service in
which trips for a route or system are occurring. The NTD avoids collection of more
nuanced average value metrics such as average headway whose analysis could be
misinterpreted easily (such as combining headways for multiptes@long a trunk line

instead of considering each one separately).
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CHAPTER 3
GTFS READER

This chapter summarizes the purpose and methods employed in the development
of a suite of scripts that comprise a tool called the GTFS Rdad&o includesa
analytic demonstration of applications for the use of GTFS f@éwsGTFS Reader is

used inChapter 4or thevalidation of national performance measures.

Purpose
The purpose of thisection is to develop a tool that can efficiently calculate

performane measures frotimetable and map data in GTFS feeds and demonstrate the
broad capabilities of the method for expansive analysis. To do so, the author developed
the GTFS Reader, a tool to read and analyze GTFS feeds in bulk. This chapter explores
the avaidbility of GTFS feeds, documents the methodologies used in the GTFS Reader,
and presents the demonstrated capabilities for three kinds of analyses: an evaluation of
how agencies are using GTFS feedsj@pth headway and roustop-density analyses

for theSEPTA bus system; and a mdfjency headwagomparison by mode.

Data Sources

GTFS feeds were originallyroducedby many agencies in order to get their
transit information to display on Google Ma@oogle would only accept data formatted
according tahe GTFS The gendata movement discussed@mapter ded many
agenciego posts those same feeds in publicly accessible localibesGTFS Data
Exchangdhttp://gtfsdataexchange.coinis an informal buteliable website that
aggregates and notifies users about updates and releases of GThSsdhia best
source for these openfeedsh e websi tebs use of an applica

(API) is also useful as it provides easy access to the ddtecite in JSON format.
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In addition to the actual feeds, the website provides meta data about each feed
including the name and location of the agency reporting, a flag for whether or not it is an
official agencyprovided feed, the username of the persploading it, a referral link to
any licensing requirements, the date of original feed release and the date of the latest feed
update. This information is important as it helps to classify and filter those feeds that are
important to the analysis.

Basedon an analysis oflata fromthe GTFS Data Exchangad the National
Transit Databasealthough only 2percent of the agencies in the United States have open
GTFSdata, these agencies represent approxima@apeBent of theinlinked passenger
tripstraveled nationallyThe plots inFigure3 show the rapid growth in use of GTFS
based on the growing number of agencies with open data and the numbknlad
passenger tripserved ly those agencies. The trend is shown based on when the agency
first released dataccording to the GTFS Data Excharayel is scaled using 201
ridership statistics from the NT3uch a widely adopted standard shows promise for use

by researchers and andkys areas other thanp planners and customer service tools.

Transit Unlinked Passenger
Agencies ] . L Trips (Billions)
1000 Total U.S. Transit Agencies: 998 12

10 Total unlinked passenger trips (U.S.): 10.13 B

800

8 fm——" -
600 H
ULS. transit agencies with open I
data as of March 2013: 272 6 !
]
400 \ ] Unlinked passenger trips served
4 J by transit agencies with open
=~ data as of March 2013: 8.91 B
200 1~
2 o
i
.---"
0 0 ~=="
2007 2008 2009 2010 2011 2012 2013 2007 2008 2009 2010 2011 2012 2013
(a) U.S. transit agencies with open data (b) Unlinked passenger trips served by agencies

with open data

Note: Data indexed using 2011 NTD ridership. and agency statistics

Data Source: National Transit Database 2011, City-go-Round (http://citygoround.org)

Figure 3 (a) Number of transit agencies and (b) passenger miles served by agencies with open data
(as of March 2013).

20



GTFS feeds are .zip files made up of several individual text files. Consyranss
computers can extract the individual text files and read them using any text editor. In this
format, however, the data is not useful for an-esér as shown iRigurel. Because of
the structure of the data described in previous chapters, the easiest way to interact with
and analyze a GTFS feed is to use a database manager and isngdatathr o that end,
the primary functions of the GTFS Reader are the automation of database imports using
Python and PostgreSQL, and the automation of analytic tasks using SQL queries and
recording the output.

An important caveat ttheanalysisn this thesisis the reliance on unknown
entities to validate dat@he API for the GTFS Data Exchange has a flag for whether or
not the feed comes from an official data souitcis unclear who authorizes the use of
this flag.It is important to recognize thatformation about the feeds and the information
in the feeds themselveserarely endorsedfficially by anagency; agencies often post
their data with disclaimers about not being responsible for errors or inaccuracies
Presumably, agencies are very thglowith these datasets because they are used to

guide passengers who plan trips on those systems, but errors may still occur

Application Framework

The overall framework of the GTFS Reader involves source GTFS feeds which
are used as data inputs, Pythoripts which validate and import those feeds into a
PostgreSQL/PostGIS database, and additional Python scripts that run a series of
manipulations to data in order to calculate or tabulate performance measure outputs from
those feedsThe final outputs oftte GTFS Reader are recorded in CSV output files. This
work flow, shown inFigure4, was employed because it allowed for the Python scripts to
send SQL queries to thostgreSQL database, but also because it allowed the Python

scripts to read back some of the results and adjust the process accordingly. For example,
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an element of one import script identifies those modes which are represented in the feed

and runs subsequaequeries for only those specific modes.

GTFS Feed import_gtfs.py

spatially_

enable.py

PostgreSQL Databas
single_agency (PostGIS extensions

metrics.py

active_trips.py

metrics.py

out.py CSV output

files

Figure 4 Application framework for GTFS Reader

The Python scripts are separated into six filegort_gtfs.py,
spatally_enable.py, active_trips.pgingle_agency_metrics.psetrics.pyand out.py

The main functions and analytic stepsdach of these files are discussedable?2.



Table 2 Description of Python files and main functions in GTFS Reader

Python File

Main Functions

main.py

This is a wrapper file with one function thzdssesll variables
needed to the functions of all selected Python modules.

import_gtfs.py

Imports GTFS data into a PostgreSQL/PostGIS database
M Connects to a usadentified database

1 Dropsany previous tables and views that may exist

1 Loops through the files in the zipped GTFS Feed; fo
those that are identified as part of the GTFS
specification, creates a corresponding table in the
database and inserts the data in that table

1 Creates additical tables that include times formatted
seconds past midnight

spatially_enable.py

Translates data into a format on which geographic queries can b
(projections, measurement, pif

1 Creates PostGIS geographic point data from
latitude/longitudeof stop locations

1 Creates PostGIS geographic ptihe data from
latitude/longitude of each point in shapes file

active_trips.py

A separate module to generate active trips by time of day.

1 Uses the start and end time of each individualttrip
create binay indicators every five minutes of whether
trip is active; the sum of these by service_ids allows
user to see the active trips by time of day

single_agency_metrics.g

Calculates various metrics based on ramaessible schedule data.
1 Feedstatistics creation of a table (feed_stats) based

whether or not valid data is found in each field in the
GTFS

1 Daily average headway: for each rostep, the time
between consecutive departures of a specific route :
recorded and averaged to generate the siafedaily
average headway.

1 Route length/num stops: for each route, the length a
number of stops are recorded in a separate table for
presentation.
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Table 2 Description of Python files and main functions in GTFSReader Continued)

Python File Main Functions

metrics.py Calculates various metrics based on remgessible schedule data.

1 Vehicle revaue miles: geographic analysis for length
of routes tabulated based on service_ids and trip
departures to determine total vehicle revenue miles
scheduled.

1 Vehicle revenue hours: duration of each trip tabulate
based on service_ids and trip departures terdene
total vehicle revenue hours scheduled.

out.py Copies output of previous queries and writes them to CSV files t
are saved in a local directory.

Analytic Demonstrations for Single and Multi-Agency Analysis
The three analytic demonstrationsdded in this chapter a@n evaluation ofhe
fields used by US agencies with open GTFS feeds, an agency specific analysis of the
SEPTA bus system and a comparison of headways among the 50 largest transit agencies

with GTFS feeds availablen the GTFS Dat Exchange

Evaluation of GTFS Usage

GTFS uses a data structure designed for easy generation by transit providers and
practical use by programmers. Many fields are optional, providing flexibility to agencies
with different service patterns, scheduling procedures and technical staff awgilabili
Programmers that develop software based on GTFS data quickly realize that agencies
may or may not use certain fields which will impact the design of transit rider tools.
Likewise, to use these datasets for comparative research among multiple ageascies,
useful to understand how many agencies use each field. As of November 2012, there
were 211 distinct feeds available from agencies and transit providers in the United States

from the GTFS Data Exchange (this does not include approximately twenty trans
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service providers not represented on that websitet t hat show up on Go
of agenciep
The Python script (feedstats.mliscussed iTable2 is designed to parse GTFS
feeds and report which of the required and optional fields are being utilized. The
information inTable3 reflectsusage statistics from the feed@&ose tables and fields that
the GTFS documentation calls firequiredo (sho
have a 100 percent usage rate. In some cases, the GTFS documentation allows required fields
to be omittedsee table notes). For optional tables, required fields are only needed when the
table is used. An important caveat is that while the GTFS documentation specifies how to
write these files, there is no guarantee that the feed developed by an agencyialed foo
public consumption conforms to that format. Researchers, like programmers, should be sure
to validate feeds to ensure the fields needed for their analysis are utilized correctly.
Many of the optional fields have very low usage rates which imalt/future
research design that uses multiple GTFS feeds as a data sourcebshraldious in the
use of theséields asmanyagencieglo notuse them. In particular, those fields associated
with the fare_attributes, fare_rules, frequencies, transfief$eed_info tables have low
usage rates. In some cases, recent changes to the specification resulted in new fields that
lead to lowindications of lonmusage (wheelchair_boarding and wheelchair_accessible are
two examples)The usage of these fields wilke as agencies update their feeds to

conform with the latest changes to the specification.
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Table 3 GTFS table andfield usage foropen GTFSfeeds

File Name Field Name Usage File Name Field Name Usage
* agency_id 83% I 6 service_id 96% I
& agency_name 100% N & monday 96% I
& agency_url 100% N 6 tuesday 96% I
6 agency.txt 6 agency_timezone  100% [N 8 wednesday 96% I
* agency_lang 51% I . 6 thursday 96% I
* agency_phone 80% N 0 calendar.b 6 friday 96% N
' agency fare_url 17% B & saturday 96% I
& stop_id 100% 6 sunday 96% I
* stop_code 30% M & start_date 96% N
& stop_name 1009 N 6 end date 969 I
' stop_desc 229 I & service_id 84%
0 stop_lat 1009 NN 3 calendar_dates.tt & date 849 N
B & stop_lon 100% N § exception_type 849 I
& stops.txt . ) 0 &
zone_id 43% [l & fare_id 54% N
* stop_url 8% |l & price 54% N
location_type 46% N  fare._attrbutes. o 6 currency_type 54% [
parent_station 9% | 6 payment_method  54% [l
" stop_timezone <1% 0 transfers 35% [l
" wheelchair_boardify 3% | 3 transfer_duration 20% [
& route_id 100% & fare_id 45% I
3 agency_id 73% 3 route_id 32% Il
6 route_short_nanfe  72% - 3 fare_rules.txt 3 origin_id 19% l
5 route_long_nanie  95% [N 3 destination_id 17% i
0 routes.txt 3 route_desc 33% Il z contains_id 3% |
& route_type 100% 6 shape_id 83%
z route_url 55% [ 6 shape_pt_lat 83% I
z route_color 55% I 3 shapes.txt 6 shape_pt_lon 83% I
3 route_text_color 48% [ 6 shape_pt_sequence 83% [N
& route_id 100% 3 shape_dist_traveled 48% [l
& service_id 100% N & trip_id 26% B
& trip_id 100% N & start_time 26% M
3 trip_headsign 85% [ 3 frequencies.txt 6 end_time 26% M
& trips.txt 3 trip_short_name 12% 6 headway_secs 26% M
3 direction_id 60% N 3 exact_times 229 M
3 block_id 60% I & from_stop_id 26% B
3 shape_id 80% N & to_stop_id 26% M
3 transfers.txt .
% wheelchair_accessifl 1% | 6 transfer_type 25% [l
& trip_id 100% 3 min_transfer_tme 4% |
& arrival_time 100% N 6 feed_publisher_name 34% Il
& departure_time 100% [ & feed_publisher_url  34% [l
o stop_id 100% N . & feed_lang 34% Il
. . o 3 feed_info.txt
6 stop_times.txt & stop_sequence 100% N 3 feed_start_date 2% |
z stop_headsign 16% M 3 feed_end_date 2% |
3 pickup_type 71% 3 feed_version 3% |
3 dropoff_type 69% I
3 shape_dist_traveled 44% [l
Note 1: = Required, 3 = Optional.

Note 2: These fields were added to the specification within six months before the analysis.
Note 3: In some cases, feeds may use either route_shortonanmate_long_name.
Note 4: Calendars.txt may be omitted in certain feeds that use calendar_dates.txt.
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Single Agency Analysis

Daily Average Headway

The TCQSM directs practitioners to evaluate average headway at transit stops and
stations, separately for each ro(8). This is accomplished by calculating the time
difference between arrivals at a stop for each successive arrival of a particular route. The
calculation is repeated for each route at each stop. Per guidance in the TCQSM,
headways less than threenute$ (typical of school dismissal times) were ignored, as
were headways longer than 90 minutes which researchers assumed was a break in
service.

The histogranin Figure5 illustrates the frequency distribution of daily headways
for each routestop in the SEPTA bus system, evaluated on typical weekdaysn five
minute increments. The axis along the tojriglure5 shows the level of service
guidelines from the TCQSM for fixeute service frequency. As a method of
aggregation for mukagency comparisons, the headways for eachsiofewere
recorded and averaged for a typie@ekday. The average of this selection of headways
is 31.3 minutes (the remainder of tblsaptemwill refer to this statisti@as an ageney

average headway).

2 Guidance in the second edition instructs users to ignore headways less than three minutes for the
purpose of determining service frequencyelesf servicg29). This was removed in the third edition where
the method of calculating service frequergyeift for the user to determing.)
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TCQSM Level of Service
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Figure 5 Distribution of stop-route level daily headways for theSEPTA bus system.

Route Length and Stop Density

If an analyst were asked to report the length and number of stops for all the routes
in a transit system, it would be anclear or poorly stateguestion. There could be routes
with express configurationsputes that only serve particular stops on weekends and
routes with several branches off a trunk line, all with the same route name. In this
example of routdevel analysis, special attention is paid to the intricacies of working with
GTEFS feeds that inctle these different configurations. The schema used in GTFS has
certain flexibility so that a single route_id might represent different configurations of
stops. To overcome these intricacies, each data point represents the average of the length
and number fostops for every trip sharing a single route ID. Ba¢horrecognize that
this method of aggregation hides certain details, but chose to do so as an example of one
method to summarize data using aggregation. It is important that any analyst engaging in
use of GTFS data analysis become familiar with the different coding permutations that
agencies choose before writing queries or reconfiguring data to represent operational

summary statistics.
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The results of the route length and stop frequency analysshavwen inFigure®6.
Agencies can use information like this to quickly identify stops with abnormal trip
patterns like very dense stop placement or excessively lorgsrduibtice that some of
the routes have long lengths but very few stops; this suggests the presence of commuter
routes which may have several stops near the beginning and end with express service

along freeways.
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Figure 6 Length and number of stops for SEPTA bus routes.

In addition to this format, the data can also be categorized baseddsritresl
distancebetweenstops (calculated as the quotientadte length and number of stops) as
shown inFigure7. This histogram identifies the bulk of routes that have stops spaced less
than a quartemile apart, common in dense urban cores such as in Philadelphia. Basic
visualizations like thesa@the result of data insights that can be made efficiently once

GTFS feeds are put into an accessible database format.
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Figure 7 Histogram of Route-level Distance Between Stops

Multi -Agency Analysis

While agencies are more eft interested in the details of their own services,
researchers and national policy experts will find it useful to have the ability to efficiently
compare data from multiple transit providers. The application chosen for this project is
thought to be of imrest to those considering revisions to the TCQSM LOS methodology.
In this analysis, the agency average headway, discussed earlier, is calculated for four
fixed-route mode categories of 50 large agencies in North America that provide open
transit data. Aist of those agencies and the modes available are shovabied. GTFS
defines these mode categories as a user perceives them rather than using their operational
ard traction characteristics as suggested by Vu@icThe four mode categories used in

this analysis are taken from the description of GTFS:

30



1 Light rail, Tram, Streetcar. Any light rail or street level system within a
metropolitan area.

1 Subway, Metro. Any underground rail system within a metropolitan area.

Rail. Used for intercity or longlistance travel.

1 Bus. Used for shorand longdistance bus routegl8)

=

Using data from agencies as availabl@ale4, the authoran each of the
disaggregated feeds throuthfe data processes describeéigure4. The output was a
series of reports for each agency which were then aggregated using R. The agency
average headway for each feed was recorded and is shown in the frequency distributions
in Figure5. In the end, the simplified histogramsHigure5 represent irdepth analysis
with a data point for every time a transit vehicle arriveengtstop in every one of the 50
agencies analyzed. This demonstrates the value of batch processing using the methods
from thisthesisbecause until now, there has been no efficient way to analyze these

statistics quickly among multiple transit providenshout significant labor requirements.
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Table 4 Availability of GTFS Feeds at 50 Large North American Transit Agencies by Mode (July

2012).
Light

Agency City, State Bus Rail Subway Rall
Alameda-Contra Costa Transit District Oakland, CA o]
San Francisco Bay Area Rapid Transit District Oakland, CA 0 0
Broward County Transportation Dept. Pompano Beach, Fl. 0
Peninsula Corridor Joint Powers Board San Carlos, CA 0
Capital Metropolitan Transportation Authority Austin, TX 0 0
City of Detroit Dept. of Transportation Detrott, Ml 0
Chicago Transit Authority Chicago, IL 0 0
Dallas Area Rapid Transit Dallas, TX 0 0 0
The Greater Cleveland Regional Transit Authority  Cleveland, OH 0 0 0
Transportation District Commission of Hampton Roaddampton, VA 0 0
Hillsborough Area Regional Transit Authority Tampa, FL 0
Kansas City Area Transportation Authority Kansas City, MO 0
King County Dept. of Transportation Seattle, WA o] 0
Lane Transit District Eugene, OR 0
MTA Long Island Bus Garden City, NY 0
Long Island Rairoad Jamaica, NY 0
Maryland Transit Administration Baltimore, MD o] 0 o] 0
Massachusetts Bay Transportation Authority Boston, MA 0 0 o} 0
Northeast llinois Regional Commuter Railroad Corp. Chicago, IL 0
Southern California Regional Rail Authority Los Angeles, CA 0
L.A. County Metropolitan Transportation Authority  Los Angeles, CA 0 0 o}
Metro-North Commuter Railroad Company New York, NY 0
Metropolitan Transit Authority of Harris County, Texasiouston, TX 0
Bi-State Development Agency St. Louis, MO 0 0
Metro Transit Minneapolis, MN 0 0 0
Madison County Transit District Granite City, IL 0
Miami-Dade Transit Miami, FL 0 0
Milwaukee County Transit System Miwaukee, WI 0
Ride-On Montgomery County Transit Rockvile, MD 0
MTA New York City Transit New York, NY 0 0
San Diego Metropolitan Transit System San Diego, CA o] 0
New Jersey Transit Corp. Newark, NJ 0 0
Niagara Frontier Transportation Authority Buffalo, NY 0 0
North County Transit District Oceanside, CA 0 0
Orange County Transportation Authority Orange, CA 0
Pace - Suburban Bus Division Arlington Heights, IL 0
Port Authority of Allegheny County Pittsburgh, PA 0 0
Pinellas Suncoast Transit Authority St. Petersburg, FL 0
Regional Transportation Commission of S. Nevada Las Vegas, NV 0
Denver Regional Transportation District Denver, CO 0 0
Sacramento Regional Transit District Sacramento, CA o] 0
San Francisco Municipal Raiway San Francisco, CA o] o}
Southeastern Pennsylvania Transportation Authority Philadelphia, PA 0 0 0
Central Puget Sound Regional Transit Authority Seattle, WA o] 0
Spokane Transit Authority Spokane, WA 0
City & Co. of Honolulu Dept. of Transportation Svcs. Honolulu, HI 0
Tri-County Metro. Transportation District of Oregon Portland, OR 0 0 0
Utah Transit Authority Salt Lake City, UT 0 0 0
VIA Metropolitan Transit San Antonio, TX 0
Washington Metropolitan Area Transit Authority Washington, DC 0 0

32



Figure 8 Distribution of agency-average headways for (a) bus; (b) light rail; tram or streetcar; (c)
subway or metro; and (d) rail.
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Lessons Learned Working with GTFS Data

Perhapsome ofthe most important findings from this work adentifying the
intricaciesof working with GTFS datao that future researcheageaware of their
existence.

Information in the GTFS feed is provided at a granular level with comprehensive
coverage of an entire system all the way down to the stop times for each scheduled trip.
GTFS feeds have far greater resolution than the NTD which only provides summary data
for each agency. Using GTFS is helpful fordepth analysis of specific metrics, but can
be cumbersome for analysts awash in data about a transit system. Particulanatten
should be paid to avoidingisrepresenting aggregation procedwresch will quickly
accumulate when building statistics that use-#opl data to summarize systdavel
metrics.Because of the many ways that data can be summarized, this posksngeha
for those generating or interpreting performance measures which are intended to be clear,
concise representations of information. As
route might be a summary of each individual interarrival time ofip8 &t all stops, or it
might be a summary of the interarrival times at one representative stop along a route
(ignoring the effects of route branches). In both instances, the nuance of calculation
should be better descri ke dcheiardwtalye 6met ri c t

GTFS feeds are usually provided by agency, rather than by region or geography.
Depending on the requirements of a user, it is important to take this organization into
account. For example, a single transit agency might be interested in expbysrations
within its own service area which can be effectively evaluated using their own GTFS
feed; a metropolitan planning organization might be more interested in the regional
coverage of transit service which would be best served by combiningetiseedé
multiple agencies in the region and evaluating them without regard for the specific

agency providing the service.
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GTFS feeds can typically be kept current as there is an expiration date coded into
the calendars.txt file. Some agencies may choos&ie this sufficiently far in the
future that it effectively doesndét expire.
not the data is current based on those dates as well as the communication channels that
should be in place for consumers of theadadditionally, the rate of updates to the feed
should be kept in consideration as some agencies actually release their GTFS feeds on a
daily basis while others may only do seaninually or less. There may be a conflict
between the time of feed publicat and the validity of the feeds, causing either a lapse
in valid dataor confusionabout which is more accuraten extensive evaluation of the
historic availability of data on the GTFS Data Exchange including a discussion of when
feeds are valid can Beund in Chapter 4.
Building tools for multiple agencies should be done carefully by individuals who
are familiar with GTFS feeds. For exampl e,
feed because it uses the agency_id field; that field, however, is d@mheay not
work for agencies that do not use that fidlde information inTable3 will be helpful to
those developing applications for multiple users.
Codingpractices for GTFS vary among agencies. While GTFS has specific field
names and data formats, the way that agencies use those fields still varies considerably.
The following observations are important to, and best understood by, individuals working
closelywith GTFS data:

1 Schedule configurations, represented by service_id, are neither mutually
exclusive nor exhaustive. They are defined by the day of the week that
they are active and a date range for validity. There may be multiple active
service_ids at angne time. For any attempt to recreate actual service
scheduled on certain days as in vehicle revenue hours per year, it is best to
design applications as a user on each specific date in question and pull the
relevant information for that day (as opposedgsmg date ranges and
validity options).

1 Since GTFS is not strictly designed as a relational database, the concept of
primary and foreign keys is not preserved. @mene or ondo-many
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relationships can exist between fields like route_id and shape iéth wh

will affect file size and consistency of data.

Depending on how the feed was generated, it may include only
information for time points from a schedule, or it may include specific
times for every stop. Calculations of headway or other statisticsbhaust
sensitive to the fact that data may appear missing. According to the GTFS
documentation, agencies should not interpolate schedules where they have
no data, but some still do

Agencies can use either schedoésed or frequendyased coding and

will usedifferent tables accordingly; the queries used in this project were
designed for scheduleased systems.

Stops and stations may be coded at the intersection level or more precisely
by location anddirection. Consider a northbound route that crosses an
easbound routethis is usually coded as one stop for rail systems with
transfer points, buhay be coded as one or two separate Stodsus

routes where they are separate facilities in close proximity to one another
Transit modes are defined in GTFS lthea useioriented categories

rather than operational and traction characteristics (for example, light rail
and streetcars are coded as the same).

Different text encoding in the .txt files of a GTFS feed (using UNICODE
or UTF8, for example) can pose claiges for some scripting languages.
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CHAPTER 4
VALIDATING GTFS FEED S FOR TRANSIT ANALYSIS USING
THE NATIONAL TRANSIT DATABASE

The previous chapter discussed a process for importing GTFS feeds into a
database and the set of queries that calculated matribe stop, route and system level.
The GTFS Readavas shown to banefficient process$o provideinsight into how
agencies schieile and supply their servicelhe validation exercise documented in this
chaptemuses the GTFS Reader framework to preaesiltiple feeds and to calculateo
metrics that agencies already report annually to the NationaliTatabase (NTD):
annual vehicle revenue hoysVRH) and annual vehicle revenuogles (AVRM). The
calculation of those metrics requires a thorougthenstanding oboththe internal
structure of GTFS and the process for aggregating metrics from thevieigo the
systemlevel over timeThese concepts and the resulting analysis are presented in this

chapter.

Purpose
The purpose athe research ithis chapter is taomparemetrics calculated from

raw GTFS feed#o those reported in theTD.

Methodology
To calculate the metrics from GTFS feeds for comparison to NTD mehés, t
comparisorprocess employs a modified version of the GTFS Regdesented in the
previous chapter)nstead of calculating headways and stop density, the GTFS Reader
used to calculatAVRM and AVRH. The GTFS Reader can process one GTFS feed at a
time, but can be quickly scaled to analyze and generate outputs for a series of GTFS

feeds. The revised GTFS Reader is showrignire9 where NTDmetrics.py is used in
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lieu of single_agency_trips.py, active_trips.py and metrics.py. The application imports a
GTFS feed, adapts it for spatial analysis, calculates NTD mefidRKl and AVRM)

and finally saves the output.

GTFS Feed import_gtfs.py

spatially_

enable.py

PostgreSQL Database
(PostGIS extensions)

L/

NTDmetrics.pyf

Ccsv
out.py Output File

Figure 9 GTFS Reader Framework using NTD Metrics Module

According to the NTD Reporting Manual, revenue service includes both running
time and layover/recovery time, which typically ranges from 10 to 20 percent of running
time. (38) The general impact of layover/recovery time on vehicle revaouesis thus
10 to 20 percent of running time; the impact on vehicle revemiges howeve, is
negligible under the assumption that vehicles do not traverse a significant distance during
a layover. For example, a transit vehicle that lays over at the end of a linear route by
waiting at the last stop and turning around will accrue additioma ith vehicle revenue
hours during the layover time, but it will only accrue the distance to physically turn
around for vehicle revenue miles. The consequence of this difference on the validation
methodology is that AVRM from the NTD can be compared dir¢otthe AVRM
calculated from GTFS, but AVRH of the NTD are expected to fall 10 to 20 percent
higher than the AVRH calculated from GTFS.
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Calculating Daily NTD Metrics

The NTDmetrics.py module implements the process of calculating vehicle
revenue hours @miles from the raw timetable information contained in GTFS feeds.
The methodology is such that the NTD metrics are compared to values calculated from
GTFS feedsBy setting it up this waythe methodology is actually checking both the
GTFS data and theethod of aggregation employed. To that end, the following includes
a thorough discussion of the method employed to calcAMRH and AVRM for one
mode ofanagency using a single GTFS feed.

The diagram irFigure10 summarizes the process of calculating daily vehicle
revenue hours (DVR) and daily vehicle revenue miles (DVRM) showsthe GTFS
tables used in raw format, the queries that transact vatddatabase, and intermediate

tables that store values for use in other steps.
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*Query 2 includes several nested queries for geographic
processing for spatial calculation of length.

Figure 10 Daily NTD Metric Calculation

The overall processalculates/ehicle revena miles and hours for each tripen

aggregates those trip ahaateristics aappropriate om set ofspecific dates synthesized

based on the feedbdbs validity period. Query
as the difference in seconds betwésnfirstdeparture and last arrivaf that trip This is

considered the time that the vehicle was scheduled to be in revenue,ssthimegh the

previous discussion clarifies that this is actually running.tiQweery 2 calculates vehicle

revenue miles using the shapes table to generate geographimeslforeach shape_id.

The length of each shape is calculated using the spatial extension of PostgreSQL,

PostGIS. Because this analysis is designed for general application in any location, the
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global WGS84 (World Geodetic Survey of 19&lused without a projaon; distance is
measured assuming Earth is a spheroid andsealsed from meters to miles.
The actual mileage for each trip is counted as the length along each trip shape
between a point on the line closest to the first stop and a point on the lirs tbotbe
last stop (shown ifigurell). This resolves potential ovepunting that can result from
route shapes that extend beyond the first and last stops ofiteelrothe event that a
stop exists beyond the end of a shape, the maximum length of the shape is used. The
result is a conservative estimate of vehicle mileage that errs on the side of fewer miles per
route.A brief review of the impact of thisonbusurda es oper ated by Port]l
shows that thaverage shortening of the tspape ig.3 percent of the trip shape length.

This is a known source of potential error in the completed aggregation of AVRM.

GTFS-provided geographic route data

ooooooooooooooooooo

Trip shape defined Last
................. by GTFS feed Stop

First
Stop

Processing to calculate revenue miles

/

Adjusted poly-line for
distance measurement (in red) Last stop beyond
shape, use full length

Point on route
closest to stop,
truncate line

Figure 11 Process fo adjusting routes for revenue mile calculation

At this point in the process, each trip is associated with both revenue hours and
revenue miles leading into Query@o ogl e descri bes bDdiesforcal ends
service IDs using a weekchedule. Specify when service starts and ends, as well as
days of the week where service is availaib&8) A service_id representstypical

weekdayscheduleit is defined by the days of the week on which it operates and two
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dates between which the service_id is valid. Trips are uniquely associated with
service_idsThis allows applications tknow which trips to invoke on particular days of

the week within a s elhevelatorship bdt@een theadlendar.txd a t e
and trips.txt tables shownin Figurel2.

In the example shown here, an agency has two schedules included in one GTFS
feed: Winter and Spring. Each schedule has weekday and weekend service. This
information is shown in the calendar.txt table. On special holidays, like the Fourth of
July, the agencwill run weekend service as shown in the calendar_dates.txt table. Both
calendar.txt and calendar_dates.txt are taken directly from the GTFS feed. At this point in
the larger process, Table C contains information for each trip and its vehicle revenue
miles and hoursService_id and trip_id share a eteemany relationship; many trip_ids
may have the same service_id, but each trip_id is associated with only one service_id.
The combination of the calendar.txt, calendar_dates.txt and Table C yields thieiroutp
Table E. (This is a summary of the processes shown in Queries 4 and 5). Notice that the
schedules change between June 30 and July 1, that weekend and weekday schedules are

respected, and that the weekepdingservice operates on the Fourth of July.
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calendar.txt

P service id mon | tues wed thur fri sat sun start date end_date
MF-Winter 1 1 1 1 1 0 0 Jan 1, 2012 June 30,2012
SaSu-Winter 0 0 0 0 0 1 1 Jan 1, 2012 June 30,2012
ME-Spring 1 1 1 1 1 0 0 July 1,2012 Dec31,2012
SaSu-Spring 0 0 0 0 0 1 1 July 1,2012 Dec 31,2012
Table C calendar_dates.txt
trip_id service_id veh rev mi |veh rev hr service_id date Exception_type
001 MF-Winter 25 75 ME-Spring July 4, 2012 Remove
002 ME-Winter 25 75 SaSuSpring Tuly 4, 2012 Add
003 SaSu-Winter 25 5
004 SaSu-Winter 25 5
101 MEF-Spring 25 75
102 ME-Spring 25 75
103 SaSu-Spring 25 5

Figure 12 Aggregation method for daily metrics on specific synthesized dates

Table E (shown with explanatory columns in italics)

Synthesized Date | Day of Week serfiziiv;( 5 Trip(s) Served | daily veh rev_mi L:laily_ve]l_rev_hr
June 25,2012 Friday MF-Winter 001, 002 5 15
June 30,2012 Saturday SaSu-Wmnter 003, 004 5 1
July 1, 2012 Sunday SaSu-Spring 103 5 1
July 2, 2012 Monday MF-Spring 101,102 5 1.5
Tuly 3, 2012 Tuesday MF-Spring 101,102 5 15
July 4, 2012 Wednesday SaSu-Spring 103 5 1
July 5,2012 Thursday MF-Spring 101,102 5 15
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Internal GTFS Data Consistency
The documentation provides limited guidance to users about how to handle
multiple schedules. Because of that, sonegl$eare created in ways that abide by the
speci fi cat iiocortedlydfecsrcmatb,e bautschedul e t hat do
transit operationdn the example discussedHigurel2, the service_ids begin and end
on adjacent dates. In the example, the service_ids are mutually exdiuaiize.
service_idsare showrfor a transit service that the G3Feed is supposed to represent,
then it is also collectively exhaustive. This is not always the case, howeyare13
describes how the calendar.txt table and use of service_idisachto incosistent data.
Scenario A is considered the ideal fornaat;agency has a May and June
schedule, and has different weekdanl weekend service. This combinatioelds four
service_ids. The table in Scenario A is how it would be represented in a GTES feed
calendar.txt file The reader should note that these are mutually exclusive (no overlap)
and collectively exhaustivagsuming therareonly weekday and weekend service
types). In Scenario B, the MHAay schedule extends through Jun@gnstead of May 3)L
leading to duplicate data on June 1. The effective result describes a day in which both the
May and June weekday schedules are active; this would lead to twice as many trips as
there should belhis data is not mutually exclusivieastly, Scenario C ocas when
service_ids are active for different lengths of time. In Scenario C, the weekend schedule
runs throughout the full year but the May schedule only runs during May. The result is

that days in June are only partially represenfi@gting to be colleavely exhaustive
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Figure 13 Potential scenarios for calendaitxt and service_id usage
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