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EXECUTIVE SUMMARY

City Utilit ies of Springfield(CU) Transit Services provides
fixed route bus servicen Springfield, Missouri.Bus service
operates365 days a year. There are 12 depgdtaytimeroutes,
severBaturday and evening routes, andrfSunday and holiday
routes.The CU Transit Services service area encompa®ées
square miles and includes the city limits of Springfield and
outlying areas within three quarters of a mile from existing
routes.

The Ozarks Transportation Organization (OT®grves as the
Metropolitan Planning Organization (MPO) for the Springfield,
Missouri metro areaAs the area M®, the OTO supports CU
Transit Srvices planning to develop route and schedule
alternatives to make services more efficient and cost effective.

TheCU TransitOrigin/Destination (OD)Accessibility Analysis
was prepared to supporbus route service planningThis
analysisincorporatestools developed by Esri, the makers of
ArcGIS softwareGTFS datao create a multimodal network
datasetfor route solvingin the Network Analyst extensionf
ArcGIS. The GTFS tables enable the calculatibimavel time
along a transportation networkased on walkingpeedand
time-aware bus routes and schedules

The GTFS data format was created by Googletlaméotland,
OregonTriMet transit agencyto share routes anschedules in
web-based customefacing trip planner$l]. In addition, GTFS
data are used in Google Maps for the option to get directions
using transit services.

A grid of hexagons wa®nriched with authoritative content
from Esri demographickr 2018 population estimates ag@18
daytime population estimates. Hexagons with a positive
difference in 2018 resident population and 2018 daytime
population were usetb representéd where people were going

in the CU Transit Services area. The total daytime population
change was used aa weighted valuerepresenting its
attractiveness.

Esri 2018 population estimates were used as a badeline
estimate demographics faensus blockin conjunction with
OTO housing unit data and 201® 2016 ACS FiveYear
Estimates.Populated census block point features were used
origin locations from which individuals would travel to
destinations using the network dataset created using CU
Transit Serices GTFS data.

An OD cost matrix wasolved abneminute intervals during a
onehour time window for current daytime routes and
schedulesin Network Analyst using Esri developed transit
analysis toolsThis process was repeated in an evaluation of
night routes scheduled with Ifinute and 20-minute
headwaysat stopsto compare the change in accessibility to
activity centerscurrent daytime routes to night routes with
increased frequency.

The census block population estimat®used as a metric to
descibe the impact of changes to routes and schedules on the
resident population in terms of access to activities
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INTRODUCTION

Accessibility is defined as the ease of getting from one place to Counties was provided by the City of Springfield GIS
another. It can be measured in distance or time and is used to Department. Greenway Trails, sidewalks, and census data are
analyze the efficiency of connecting people and places on a maintained by the OTO. Bus routes and schedules in GTFS

transportation network[2]. Transit accessibility measures have
two core elements, an activity element and a transportation
element. The activity element includes opportunities, jobs, or
services at a destination. The transportation element reflects
the cost of travel in time or distang&]. The workflow for this
project follows dive-step GlSanalysis process:

Frame the question

Explore and prepare data

Choose analysis methods and tools
Perform the analysis

Examine and refie results

arwbdpE

The questiong$ramed by this analysis include

o How well are transit services connected to major
daytime activity centers in the CU Transit Service area?

o What is the demographic composition of peopie
locations that have the greatest and letaghsit access
to activity centers?

o Are there more efficient route and schedule alternatives
to connect people to activities via transit in the service
are®

Much of the data needetd analyze transit accessibility cam
multi-modal network is maintained bthe OTO or partner
organizations A network dataset of Christian and Greene

format weee provided by CU Transit Services.

The use of GTFS data to conduct evaluation of bus routes and
schedules has increased due to the ability to add GTFS data to
network datasets in GIS softwarndto conduct timeaware
analysis of trips using the transiystem.Calculating travel
times using transit have been difficult to incorporate into GIS
due to the varying frequencies and timbsgses arrive at
different stopg3]. As recently as 201AtcGIS software did not
have the capalities to integrate transit schedules into multi
modal networks to measure tirmsed accessibilityin
Network Analyst[4].

In 2016, Melinda Morang at Esri created tools for ad@ioggle
Transit Feed Specificatior5(TFS data to ArcGIS and transit
analysis tools that use tirreware network datasetd]. These
tools are available for download l&tp://esri.github.io/public
transit-tools/ [6] Using these tools, given a set of origin and
destination points, the number of reachable destinations by
walking and transit withn a time limit can be determindd].
Thusly, thetransportation element of the accessibility measure
can be calculated.

To complete this study with current informatigra method for
updating population data at the census block level was used for
determining 2018 population attributes for census blocks.


http://esri.github.io/public-transit-tools/
http://esri.github.io/public-transit-tools/

Enriched hg&agons with 2018 Esri population estimates were

The census block origins and enriched hexagon destinations

used as a baseline to estimate 2018 census block population andvere used as inputs to solve an OD cost matrix using the

sociaeconomic characteristics based on OTO area housing unit
construction and demolitiopermits from 20162017The 2010

0 2017 permit datavere added to the 2010 decennial census
number of housing unit® estimate 2018 populatioBstimates

of socieeconomic variable®r census block groups from the
20123 2016 Fiverear American Community Survesereused

to estimate the variables at thertsus block levellhe updated

Network Analyst extension in ArcMap. Three multimodal
network datasets were used to developeacessibility measure
for CU Transit Services current weekday day bus routes,
weekday night routes with 2@ninute headway for stops, and
weekday night routes with t&inute headways for stop$he
headway times equate to running 3 and 4 busses on ragtes
every hour. Currently busses run on night routes with- 60

2018 census block demographics were then used to describe minute headways or once per hour.

attributes of the population within a travel time threshold for a
combination of walking and transit time along the streets and
bus routes.The census blockcentroids with a population
greater than zero were used as the set origin points.

ArcGIS Online Living Atlas includes a map layer with attributes
for 2018 daytime population estimates. The daytime population
was subtracted from the total resident population of agaaio
represent the attractiveness of destinations people travel to for
work or other activities. A grid of hexagons was enriched with
the daytime population change to use as the activity element of
the transit accessibility analysis for the CU Transit\viee area.
Figure 1 on page 3 is a map depicting the daytime population
change values for the enriched hexagétexagons with a net
positive change in daytime population were used as weighted
destinations from census block origins in an origin/destination
(OD) cost matrix created in Network Analyst.

The GTFS files were modified to increase the number of trips on
night routes to test the efficiency of running fewer routes at
greater frequency and investigathe change in accessibility to
activity centers. The estimates for seeiconomic population
characteristics at the census block lewsdre summarized by
hexagons to describe populations with the greatest increase in
accessibility and those with the giteat decrease.

Figure 2 on page 4 is a map of weekday daytime bus routes in
the CU Transit Services area. Figure 3 on page 5 is a map of
weekday night outes. Background information onaid
preparation and analysis tools are detailed in subsequent
sectionsof this report. The output and results of the analysis are
presented in maps and tables in the final section followed by a
summary of conclusions.



Resident Population Total: 203,689
Daytime Population Total: 270,951
Total Population Change: 67,262

Source: Esri
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Figurel: CU Transit Services Area Daytime Population Change




\ CU Transit Services Weekday Daytime Bus Routes
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Figure2: Map of CU Transit Services Weekday Daytime Bus Routes
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\ CU Transit Services Weekday Night Bus Routes
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Figure3: Map of CU Transit Services Weekday Night Routes




PREPARING THE DATA

After framing the questions fahe analysis, the next steptis

explore ad prepare the data needed to address the questions. A0 Tr ansi t

network dataset for routings needed for geoprocessinghie
Network Analyst extension Participating features for the
multimodal networkof greenwayssidewalks, localteeets, and
bus routego sinulatepedestrian and transtravel onin the CU
Transit servicareawere addedo a feature datas@étom which
the network dataset would be built

net wor k
A oalboyes to ArcTdotboxin thé Add
GTFS to a network dataset toolbox are tools for 1) generating
transit lines and stops2) generating stofstreet connectors,
and 3) geting network EIDs.

The first tool adds transit lines and stops to the feature dataset
where the othelparticipating features in th@etwork dateset
arestored.The second tool snaps connector lines and nodes to

A routing network for local streets used for 911 emergencies for transit stops creating connectivity to trandines from streets

first responders in Greene and Christieounties was provided

to the OTO by the City of Springfield GIS department. The file
included the OTO Major Thoroughfare PlafMTP) street
classifications, elevation fields to simulate bridgeseway
streets, andlength. The OTO maintains feature classes
greenways and sidewalks for its studyea.To connectthese
featuresin a multimodal datasetpoint files of nodesvere
createdto represent the linkages between greenways, streets,
and sidewalkgo allow pedestrian movemeiicross different
features Theconnecting nodes wer@dded tathe same feature
datasetas the other participatingeaturesin preparation of
adding GTFS dattor bus routes and stops.

The toolset for adding GTFS to a network dataset were
downloaded and installed thieom the Esrpublic transit tools
page at GitHubGitHub is a code hosting platform for version
control and collaborationThe installation registers a transit
evaluator with ArcGIS that allows a network dataset to query
GTFS schedules when determining travel time tlgb a

or sidewalks. The third tool is run after the network dataset is
built for the transit evaluatoto query stop times in a SQL
database that was created when the first tool was run.

The multtmodal network dataset is created using thegwork
dataset wizard in ArcMap. The wizard is only available with the
Network Analyst license. In the wizard, features for different
modes that participate in the network aressagned to
connectivity groups, travel timattributes for walking are set
andrestrictions for travelling on some features are assigned. A
cost attribute for the time in minute® travel along pedestrian
facilities was createtbr a walking speed of 3.1 mph. The street
network file was used witha restriction preference for Iwal,
collector, and secondary artersdteet classsandconnected to
greenway to route pedestrians to transistops Figure 2 on
page Slepicts elements of the network dataset.

andGTa&dd st oo AaddNet wor k

Da
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Figure4: Multimodal Network Dataset Features




ArcGIS OnlinelLiving Atlas layers are authoritative geographic
features hosted by Esand accessed viéacloud portalEsri has
developed demographic profiles at the census block group level
as well as other consumer habit and marketing segment features
for use in its Business Analyst extensi@ne of the Business
Analystlayers contains 2018 populatiestimaes. Additional
layers include dytime population estimatesThis estimate
counts the people added to an adeging the daytime for work

or other activiies while subtracting resident population that
have left the area for work or other activities net positive
change in dytime population from theesidentor nighttime
population represerst the activity centerswhere people are
going within the CU Trasit Servies area during the day.

In addition to Living Atlas layers, Esri also hosts geoprocessing
tools in the cloud. One of these tools is the enrich layerTod.

tool allows you taverlay geographic features onto other layers
and enrichthe overlging features with information from the
other layer.The output is a duplicate of your input with
additional attribute fieldssummarized from the underlaying
featuresThe enrich tool uses a geographically weighted census
block centroid method to allocatdgemographic data at scales
smaller than census block grou|3.

A grid of 1,178 oenth squaranile hexagonsvas constructed

to overlay the approximately 100 square mil@U Transit
Services aragponthe Living Atlas layefor Daytime Bpulation
and enrich with daytime and resident population estimates
within each hexagon in the gridiThere were 328 hexagon
polygons with a positive net change in daytime populatrom

the resident population which were converted to poisafures
to useas destination locations for OD cost matrice®letwork
Analyst.

The method for estimating 2018 population and secionomic
characteristics for census blocksas develped using the
hexagon layer enriched with the Esri 2018 populatidimases

the 2010 census block summary file population and household
characteristics, and geocoded building permits for housing unit
construction maintained by the OTO for 2011 through 2017.
Geocoded housing unit construction permits from 202017
wasaggregated by census blocksdding this count to the 2010
total housing unitg/ielded an updated total of housing units for
census blocks as of January 1, 2018.

Thepercent of occupietousingunits for census block groups
from the 2013 2016 AC%iveYea Estimates was applied to
the updated housing units valder coincidentcensts blocks to
estimate occupied units at the block levd@lhe estimated
occupied housing units value wamlltiplied by the 201@ensus
block average household size estimatethe 2018 population

for census block3 he Sumtmarize Within tool was used to total

the 2018 populatiorcensus block estimates for the grid of
hexagons to compare with theéesri demographic 2018
population estimates. When summarized by hexagon, the
estimated 2Q8 census block population totaled 206&0
compared to the total of 203,689 for the enriched Esri
demographic estimates for a difference of 0.427%. This
percentage was subtracted from all census blocks to match the
sum for2018 Esri estimates.



The method for joining 20126 2016 ACS Fiv¥ear estimate The census block centroids were usesdthe origin locations in
percentage values to census blocks, such as using percentOD cost matricewhich were usedo measure access via transit
occupied housing units to estimate 2018 population was used to to the hexagon destination pdm Figure4 on paged is a map
estimate many other soegconomic variables at the census of 2018 population estimates for census blaglsimarized by
block level. For example, Zlestimates of age group  hexagon gridusing OTO housing unit permit data and ACS
percentages for working age people and census block group 2012 8 2016 Fiverear estimates Hexagons with zero
labor force participation rate estimates were used to calculate population were removed from the grid.

the number of workers in each block. Similarly, the percentages
of industry sector employment were used tdireate the
number of people that work iwvarious industries for each

Table 1 on pag#l contains population ath socieeconomic
characteristicestimates for the CU Transit service area

census block. Figure6 on page Ais a map othe 328 area hexagons with a
positive net change in daytime population for use as weighted
activity centers in the OD matres The values for daytime
population change were used to calculate a cumulative

Other variables that were derived from the 2018 census block
population estimates and 20082016 ACS Fiv&ear estimates

included: . o . . i
opportunities accessibility measure described in the Analysis
1 Total 2018 Population Method and Tools section.
1 Number of Workers
1 People Living in $0 to $24,999 Income Households
1 People Living in $25,000 to $49,999 Income Households
1 People Living in $50,000 to $74,999 Income Households
1 People Living in $75000 and greater Income

Households

Number Employedby Industry

Means of Transprtation to Work

Travel Time to Work

Time Leaving for Work

Number ofHouseholdVehicles Available

= =2 =4 A



Figure5: Service Area Hexagons with Census Block 20di@uRtion Estimates

10














































































