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Background

Research over the past several decades has madeésingly clear that livable
communities are inextricably linked to the provision of opportunities for aatidéor non
motorizedtransportationi.e., walkng, cycling and their varian{€ongress for the New
Urbanism 2000; Ellin 2012; Ewing and Cervero 2001; Handy 2005; McCann 2013; Schwartz
and Rosen 2015)ndeedjnvestments in nemotorized transportatioimcluding pedestriar{e.g.,
sidewalks, paths and crosswalksidbicycle (e.g., paths, bike lanes drikle parking)facilities
together withrelatededucation and encouragement progréiange shown to be critical
components of sustainable transg@merica Walks and Sam Schwartz Engineering 2012;

Litman 2015; Speck 2012; Tolley 2003; U.S. Department of Health and Human Services 2015)

A synergetidorce working within thebroademovement ofctive transportatiors the
recent emergere and widespread diffusion piiblic bicycle sharingystemgBSS) Such
systemd& which makebicyclesavailable to the general pubbn an asheeded basiat
convenient locations angithout the costs and responsibilities of bicycle owneHhipve
grown @nsiderablyover the past foulecadegMidgley 2011; Parkes et al. 2013; Shaheen,
Guzman, and Zhang 2010; Toole Design Group and Pedestrian and Bicycle Information Center
2012)and in some casesyedramaticallychanginghe ecology ofirbantransport Similar to
walking, increasing cycling through BSS promises to enhance quality of life by improving public
health (by creating convenient opportunities to engage in active transportation), reducing harmful
emissions (especially greenhouse gas) and Imgpstobility and accessibility, especially for
populations with limited incomg®ill and Carr 2003; Kaplan, Giacomo Prato, and Nielsen
2015; Institute for Transportation and Development Policy 2013; League of American Bicyclists

2013; Wojan and Hamrick 201550r example, ike-sharingsystems have becomenvenient
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intermediaries thahitigateffirstandl a st mi |séyxconpectindcbnenmters and/or
recreational users to public transit netwofReMaio 2009; Liu, Jia, and Cheng 2012; Martin
and Shaheen 2014a; Pucher and Buliung 2014)

The popularity of bicycle sharing most clarly evidenced by the quickening pace of
BSS investments by cities and private companies throughout Europe, Asia and, more recently,
North America(Pucher and Buehler 2008; Pucher, Garrard, and Greaves 2020} 1
assessmentstste hat , A[t] en years ago, there were fiyv
(Denmark, France, Germanyaly and Portugal) with a total fleet of 4,000 bicycles (the largest
was Copenhagen with 2,000 bicycles). [Whereas], [tjoday there are an estimated 375 bicycle
sharing schemes operating in 33 countries in almost every region of the world using around
236,000 bicycles (Midgley 2011, 1) A more receninventory showshatmore than 600 cities
worldwide had a bikesharingsystem in 2014including132 in Spain, 104 in Italy, and 79 in
China, for aotal global fleet of 633,241 bicyclghe largessystem composed @8,000
bicycles in Hangzhou, Chir(@Vikipedia 2014)

A relative latecomer to BSS, the US began only recently to growiks-share
infrastructure. At the time of this writing there were approximat@lgctive bikesharing
systems in the US; more than half of which were established since 2012. The two largest
systemd Citi Bike in New York City (with 6,300 bicycles) and Divvy in Chgta
(approximately 4,680 bicycle®)began service in May and June 2013, respectively. Other larger
American cities such as Seattle, Tampa Bay, Pittsburg and Philadelphia opened theikmiblic
shara within the past year whereas Baltimore, Los AngeledlaPdrand Atlanta have plans to

activate systems in 2016.
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One explanation for the rapid adoption and diffusion of BSS is that contemporary,
ffouthgener ati ono systems have overcome many of
widespreadisein earlier generationd-ourthgeneration systems are characterized by: improved
methods of (re)distribution (e.g., solving the diurnal high supply/low demand angbplish
effects and/or balancing of bike supply between stations); ease of installation (eofjsalae
panels on station kiosks no longer require expensive anecbmsuming underground electrical
wiring); better bicycle design (e.g., bicycles are uniquely designed, stations have sophisticated
and secure locking mechanisms); improved tracking,(©BS now allows for improved
collection of stolen bicycles and credit card usage eliminates anonymity and reduces vandalism);
ease of customer use (e.g., many systems now have automated payment and checkout systems as
well as mobile apps that make it gas identify station location and bicycle availability in real
time); and creative business models (e.g., many BSS are-puibtite partnerships that leverage
shortterm federal capital investments with longerm investments by local governments and
entities) that make possible a wide range of system designs that are dramatically changing the
way people and nehuman objects interact within urban environmébBsMaio 2009; Institute
for Transportation and Development Policy 2013; Parkes et &8).201addition to these
technological and suppisideimprovementsBSS have been bolstered by demait trends
such as demographic shifts and preferences in the US population that favor (re)urbanization
(especially among younger populations) angllingness to engage imetworked, sharing
economies connected via mobile technolo@iesth and Shaheen 2002; Beatley 1999; TED

Books 2013; Townsend 2013; Wolfe 2013)
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Equity concerns in the planning and performance of US public bigearing systems

Parallel withmediareports celetating the openings and early succesgdsS BSS have
comecriticisms that these same systdmsenot beenadequately integrated into l@wincome
communitiesSuch criticismsnirror transportatiolnjusticesd both past and presénthathave
burdenedeg., via higheremissions concentrations and pollution exposiewggr-income
communities while simultaneously advantag{eg.,via greatemlaccessibilityand lower relative
tax burdefpmiddle to highetincome communitieBullard 2004; Bullard and Johnson 1997)
Despite the widespread adoption of environmental justice, citizen particifpaiiatives, open
meeting laws and other social polic@ssigned tancrease transparency and reduce disparities in
planning processes and outconresgarch suggests thensportation inequities persist across
income, racial and ethnic grou(®rulle and Pellow 2006; Corburn 2009; Fainstein 2005;
Forkenbrock and Schweitzer 1999; Hodge and Hanson 1995; Litman 2015)

Continuing this trend, receand growingactive transportain and active livingplans
and program® includingbike-shar® havelargelytargetedmiddle- and upperclass
communities for improvements despite the fact thatiltsome, Black, and Latino communities
tend to experience: (1) lower rates of mobility/acdsbsi; (2) higher rates of obesity and
related health risks; and (3) higher rates of pedestaiagh bicyclerelated fatalitiegDay 2006;
Fishman 2015; League of American Bicyclists 20¥3)d while dverse communities are
embracing nommotorized transportation, there is valid concern that traditionally underserved
populations will again be marginalized or unable to share ifuthbenefits of existing and
future bicycle and pedestrianriented planimg efforts.

Becausepublic bikeshareis still a rather new phenomena in American cities, few studies

and/or reports havgystematicallyexaminedhe equity implicationsof BSS particularly athe
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neighborhood scale amétionalscope Rather the focus obike-sharerelated aademic studies
tend tofall into one ofthreecategories(1) descriptive studiethatinventory andeportthe
characteristicef existing systems such as their respective locations (typically at theceity),
sizes (i.e., number of bicycles and docles)d business modg|Susan A. Shaheen, Ph.D et al.
2014; Toole Design Group and Pedestrian and Bicycle Information Center @)1ijerations
related analysewhich examine and, at times, offer solutions to widespfaading, public

safety and/or logisticshallengege.g., balancingupply and demanakcross stationgnsuring
fiscal sustainability, accommodating and improving helme} pesel by BSS(Fishman,
Washington, and Haworth 2013; Friedman et al. 2015; Kraemer, Roffenbender, and Anderko
2012; RaineiHarbach et al. 2013; Siavash Shahsavaripour 2@b8) (3)transportation system
impactswhich explorethe impacts (e.g., mode shifts) tlB&Shason the functioning of the
broader transportation systéMartin and $iaheen 2014bAnd while there are multiple ways to
evaluate transport equity in relatiombike-sharesystemgLitman 2015) present studiés
academic or otherwigehave beetimited in the depth of demographic information used

(NACTO 2015)and/or the number of systems evalugteédodman and Cheshire 2014)

Research questions

This studybuilds onpreviousresearctby responding to fouguestionghatconcernthe
geographic allocationsf bike-shareinfrastructure in relation to surrounding communities.
Specifically, questions 13 speak tahe distributional equity dBSSinfrastructureandthe
processes underlyirthese distributionata neighborhood scabnd national scopélerewe
ask

1) What are the spatial arrangements and allocations of bicsitdging stations in US

cities?
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2) To what extent do lowencome communities experience differential actebike
sharinginfrastructure(i.e., stations)n US citie®
3) Howdoes race, ethnicitgndor economic hardship explain variations in access to
bike-sharing infrastructure (relative to othg@otentially relevantactors)?
Forquestion four we use Chi c aexpladestheieofvy syst
equity analysis in analyzing anthpning for bicycle sharing systems. Here, we ask
4) To what de g rsgieg/sumnmdr 2@&xpamsiodisprove access to its bike

share system for lowencome communities?

Methodological design

This project evaluatdsike-sharesystemshrougha transportation equitgns infour
parts In part oneBSS spatial data areénsus geographies are collected, processed and analyzed
to produce amformationalframework by which thepatial arrangemengsd categoriesf
bike-sharesystems throughout éhcountrycan be defined and explordd part two weause
census population and housing datditone an economic hardship indéxat is used to
evaluaté at a neighborhooedcal® thedistribution of bicycle sharing infrastructuaeross
socioeconomic growpln partthreewe collect and process broader set of relevaptedictor
variables teexplain via aseries of spatial regressiamdek, variations in the locations bike-
sharinginfrastructure paying special attention to the roles of income, rackeethnicitywhile
controlling for othempotentiallyrelevant factorsWe concludewith part four, an accessibility
basedexamination oflistributionalchanges before and af@érh i ¢ a g o éxpangioefite n t
Divvy BSS A more thorough accouwnf theprocedures used in tredorementione@nalyses

follows.
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Part One:Systemlevel identification, summary and analysis
In part one weathered andombineal systemspecificstationlocationandcapacity(i.e.,
number ofdocks availabl@er statiofinformationtogether withcartographiaatain orderto
explore the distribution of bicycle sharing infrastructure across th&id&ethere exist$0
single compehensive and regularly updated spatigentory ofbike-sharesystemsit was
necessary to gathBSSdatafrom a variety ofsourcesIn somecasessystemspecificBSSdata
weremade available to the public vilaeoperatod e r ci t y autihgeographcds webs
information system (GIS) formaE or exampl e, nétvwarkaeago Ne wDiYov ¥ Ci
Citibike system can be downloadasESRI Shapefilevia onlinedata portad; Divvy data were

downloaded fromth€i t y of Chi c &gps:6dsta.dyefthecag® @ywheneas

Citibike system infamation was downloaded from th&YC OpenDatavebsite

(https://nycopendata.socrata.cynir other cases was necessary to request an access code (i.e.,

an application programming interfap®PI] key)to retrieve BSS information. For example,

BCycle (https://www.bcycle.coprovided the researchers an access code that we embedded

into a Python script. The script was thesedto retrieve systerevel informationin JavaScript
Objection Notation or JSON formédr 26 US BSSForthe remainingitieswe used ahird
partydata collector (e.gcitybik.esvia PyBikes) to downloathe necessa$SS information
The BSS information was then compilietb asinglespatialdatasethat included system name,
location stationlocationsandassociated@apacity(i.e., number of dockshformation In all,
geographicoordinatesand associated attributes were collected for 4bild&sharesystems
composed 02,137 docking stadns and 39,394 docks.

In addition tothe BSSinformation, wecollectedboundariegor theincorporatedr Census

Designated Places or CD®st hosthe 42 bike-sharesystemsTheseboundariesre extracts of
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selected geographic and cartographic information frol@8US Census Bureau's Master
Address File/Topologically Integrated Geographic Encoding and Referencing (MAF/TIGER)
database@nd were made available for downldadthe US Census Beau TIGER/Lingrogram

in Shapefile formagthttps://www.census.gov/geo/magata/data/tigeline.html) for each state

Host municipalities werextracted from the larger statewiplkace boundaries filega a
spatial selection process; i.e.,ibjersecting BSS stations with place boundahesatter of
which weresubsequently used to foramified BSS planning areasn some cases singleBSS
spanned multiplgurisdictions(e.g.,CapitalBike-sharé s 350 st ati ons and 5,7
allocated acrosslevenincorporateclaces and two state#idjacent place boundaries that
hosted a single system were combined to form a single BSS planningléeaaatively, f bike-
sharesystens had stations located in nadjacent places, the BSS was split into multiple
planning areas. Altogether the Y& BSSwhich spanned over 72 placesrereallocated t@l7
planning areagnd acorrespondingnumber oBSS)for analytical purposes

For thisstudy, BSSlanning arearepresenpolitically homogenous jurisdictiawithin
which agoverning land use authority (i.e., the municipiiy]) could feasiblyand legallylocate
a stationThe planning areas also served a second functioarstraining calculationsf
accessibility, arebased measuresd other standardized descriptive statistics (such as station
densities, etc\ithin contiguous boundaries thereby allowing more meanirggfparisons
across systems

In addition to the gegraphic characteristic of the planning areas (e.g., area, perimeter), we
calculated BSSpecific summarieand distributional characteristics thatre used to compare
systemsA partial list of ystem and placdevel calculationghat were performenhclude:BSS

planning aredin square miles)systemservice ared.e.,sum ofareaof ¥4 mile buffersadiating
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from bike stations)service area coveragiee., system service area as a percentage of total
planning areg)convex hull of stationg.e., areaf smallest convex envelope connecting all
stations inEuclidean spageminimum, average and standard deviation of distance(s) between
BSSstations. Factor analytic techniques were then applied to these and related descriptive

statistics to detect struse, commonalities and variability across BSS.

Part Two: Evaluatingequity inbike-share

After identifying and categyizing the various BSS, the subsequent step wasamine
the degree to whiclower-income communities experience differential accesskie¢haring
infrastructure (i.e., stationsjo carry out this analysis we downloaded census tracts from the
2013 USCensus BureauMAF/TIGER databasand extracted only those tracts that had some
portion of their boundary within thé7 BSS planning areasvhich amounted t8,470study
censudracts.Census tracts are small, relatively permanent statistical subdivisions of a county
and generally have a population size between 1,200 and 8,000 people with an optimum size of
4,000 people. Therefore, the gemgjnic size of census tracts varies widely depending on the
density of settlement. For the present analyses, census tracts are used as proxies for
neighborhoods.

Next we identified and downloaded appropriate census variables from the-2648 5
American Conmunity Survey (ACS) to create an economic hardship index that could be used to
categorize neighborhoods (i.e., census tracts) by socioeconomic conditierCS is
considered the most reliable source of detailed socioeconomic data currently avaithideha
only source of data available for small geograpbies as census tracts the time of the
analysis, the 2013-ear estimates were the latest year available and census tracts are the finest
resolution at which the ACS daaseavailable.
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To calculate the economic hardship index we began with sixneliedcomponent
variablesrom the 2013 ACSnamely: (1unemploymentPCTUNEMP) defined as the percent
of the civilian population over the age of 16 who were unemployedie{@ndency
(PCTDEPPOP) the percentage of the population that are under the age of 18 or over the age of
64; (3)education(PCTLESSHS)he percentage of the population over the age of 25 who have
less than a high school education;f@re than 30 percent of inconfeQTMore30pc},
calculated asrgssrentor owner costsas a percentag®f householdncomein thepast 12
months (5) crowded housingPCTOvercrowded)measured by the percent of occupied housing
units with more than one person per room; andégjth inswance (PCTNoHealthins}ihe
percent otivilian noninstitutionalized population 18 years and oveh no health insurance
coverageThese six variables were selected becausesthayepresent distinct dimensions of
economic performanaghile collectively encompassing broad range of socioeconomic
conditions.

To develop the economic hardship index, uged a technique similar to that
i mpl emented by the Rockefell er allowmsdotthet ut eés I n
comparison oeconomic conditionacross select U8tiesover time(David J. Wright ad Lisa
M. Montiel 2007) The formulation used toalculate theeconomic hardship index is as follows:

X = ((Y-Ymin)/(Ymaxd Ymin)) where: X = standardized value of component variable (for
example, unemployment rate) for eagmsus tradio be computed. Y = unstandardized value of
component variable for eacensus tractymin = the minimum value for Y across a#nsus

tracts Ymax = the maximum value for Y across@hsus tractsTheaboveformula

standardizes each of the componemialdes so thatach isgiven equal weight in the composite

index. Thandex represents the average of the standardized ratios of all six component variables
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and thus ranges from O tonith a highewalueindicating greater hdship. We then attributed

each census tract into one of five economic hardship categohighest, high, moderate, low or
lowes® using both a global and local approathe global economic hardshiategorywas

assigned based on the quintile category estimated usi®g@lcensugracts(i.e., across all

BSS planning areas) whereas the local economic hardship category was assigned based on the
quintile category estimated using only census tracts located within the respective BSS planning
area boundaryAnalyses othe above indicedataat a finescale (such as at the censagt or
neighborhood level) can help identify vulnerable populations and assess ptriamsiabrtation

justice concernsSpecifically, hese economic hardship categories were used to calculate the sum
of statons and docks by socioeconomic group; i.e., the distributional equiikesgharing

infrastructure both across the country and within each planning area.

Part Three:Explaining variations in station placement

In part three we explodghe degreeo which socieeconomic characteristics of
communitiesexplain variations in the siting of bicycle sharing infrastructure controlling for other
factorsconventionally considered the siting process. For this we revievwatddiesfrom
academic literature, BS8ebsitesand related documents identify nonsocioeconomicactors
thatmay have played mle in sitingbike-sharingstations.Through this exercise, we identified
over twenty potential factoracluding but not limited to: proximity to transit (especially rail
stations with high numbers of boardings and frequengegyilation density; job densitgajor
destinations, points of interestime rate; traffic volumes on adjacent streets (or averagelannua
daily traffic); sun exposure (especially important for splawered station kiosksland useand

land ownershigharacteristicsaccess toransit connectivitymaximum/minimunfaverage
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distance to bike shastation(s) street network densityroximity to existing nonrmotorized
infrastructure, especially bike lanes/patt@nmute mode sharsitevisibility; sitetopography.
Because this was a nationwide study, we were limitegévationalize the abovactors
derived from data that wefme-scale(i.e., able to be meaningfully examined at the
neighborhood scalejeadily available and comparalaad/or relatively consisteatross the US.
To this end, we developed a range of BSS station siting faciorg datdrom multiple sources
including: the2013ACS 5-Year estimateto estimatgopulation density and commute share
(e.g. percent of workers who commutevinglking, private vehicle, transit and/icycle) 2013
US Census Longitudinal Employetousehold Dynamic®rigin-Destination Employment
Staistics (LODES)for employment/job densit{These census blodkvel data were aggregated
to census tractOpen Street Map (OSM) for street network den@igy, miles of norhighway
street network divided by area of census traijrmotorized path desity and points of interest
density General Transit Feed System (GTFS) dataébeulatingrail and busetwork dengies
and access to trangite., spatially weighted distance to transit station and/or bus. Spgtjal
weights were calculated usitgeoDa(Anselin, Syabri, and Kho 200#hereas the spatial

autocorrelatioranalyse wereevaluated and computed with R Stu(ibStudio Team 2015)

Part Four: Equity analysisoDi vvy ds expansi on

Il n part four we carried out an equity anal
which is one of the largest-salled thirdgeneration bikeshare networks in the country. The
initial roll out of Divvy in 2013 include®00bike-sharing stations; the locations of which were
determined via a muHtiered planning process. Soon after the system was opened to the public,
there wereoncersthatavast majorityo f t he st ati ons werantraloncentr
business disict and wealthier North Side neighborhopdsile relatively few located in the
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cityods Sout hinsummer 2085s0ivvgSpartied sts system by addihg@50 bikes
to its fleetand another 176 bikghare stations, in part, to address equity corsc@/e evaluated
theequitable performance (i.e., distributional equity) of the Divvy systenrdeaied after its

2015 expansion by employing a variety of accessibility indices at the neighborhood scale.

Data presentationand analysis

This section brieflylsummarizes data collected as part of this researchssutiated

analytical results in four parts, each responding to a research question.

Characteristics of bikesharing systems in the US
BSS information was gatheré@m numerous data sources and cdeypinto a single
spatial dataset that included system name, location, station locations and associated capacity (i.e.,
number of docks) information. Altogether informatiwas collectedor 42 US BSS spanning 72
places (i.e., incorporated areas, CD&tlectively representing,137 docking stations and
39,394 docks. These systems were reallocated to 47 planning areas (and a corresponding number
of BSS) for analytical purposes as described in the previous section. Fig@sehtthe growth
of US BSS byshowing system counts and cumulative dock tdiglgear.
In addition to the geographic characteristic of the planning areas (e.g., area, perimeter),
we calculated BSSpecific summaries and distributional charestis that were used to
compare systems. Cluster analytic techniques (i-englins tests) were applied to these
descriptive data to detect structure, commonalities and variability acrossnB88&er to allow
for greater comparability only systems wgteater than or equal to five stations and/or greater
than or equal to 75 bicycles were retained for further anali/sisse criteria dropped the number
of systems considered for further study to 35. A map of thetl8f/systems locations graduated

by size (i.e., total docks) is presented in Figure 2.
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Map of Study US Bike-Sharing Systems, 2014
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While most of the systems were established around the same time and use similar
operators, the study BSS vary consaddy in many respects, including size, service area,
minimum distance to stations, etc. Figdrgsts the study BSS ordered by size (i.e., number of
docks) and provides a numeric and graphical display of system characteristics. These and other
systemlevel characteristics together with BSS planning area attributes including population
density, employment density, transit station density (i.e., number of train stations and bus stops
normalized by BSS planning area), street network density (i.e., milegef setwork
normalized by BSS planning area), and other information were used to further partition the study
BSS into groups via a4heans clustering process-rifeans divides the observations into
discrete groups based on a numeric distance metric. 8dusHar t i gands Rul e to
number of potential cl| ust eYysaggestdthgpthecetareof Har t i

approximately thredistinctcategories of BS&presented in the data
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Figure 3. Characteristics of Larger US Bike-Sharing Systems, 2014
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Year Number of Number of Service Minimum  Average

System Name Principal City, State Business ModelOperator ~ Est. Stations Docks Area Distance Distance
Citi Bike NYC (CITI) New York, New York Publicly Owned Motivate 201 11,976
Divvy (DIVY) Chicago, lllinois Publicly Owned Motivate

Capital Bikeshare E (CAPE) Arlington, Virginia Publicly Owned Motivate ‘,434

Nice Ride MN (NICE) Minneapolis, Minnesota  Non-Profit Bixi 2010000 1690 2,987 2300
Hubway (HUBW) Boston, Massachusetts  Publicly Owned Motivate 20110008 1470 2,538 N 18.3]
Denver B-cycle (DNVR) Denver, Colorado Non-Profit B-Cycle 2010- 84. 1,258 . 9.6-
Pronto! Cycle Share (PRNT) Seattle, Washington Non-Profit Motivate 20148 500 868 [l 5.6
San Antonio B-cycle (SANT) San Antonio, Texas Non-Profit B-Cycle 20118 55 824 5.9|
Bay Area Bikeshare, SF (BASBan Francisco, California  Publicly Owned Motivate 20130 35 661 [l

Austin B-cycle (AUST) Austin, Texas Non-Profit B-Cycle 2013. 45 590 I

Bike Chatanooga (CHAT) Chattanooga, Tennessee  Publicly Owned Motivate 2012. 33 547 |

Madison B-cycle (MADN) Madison, Wisconsin Non-Profit B-Cycle 2011. 38 535 I

Boulder B-cycle (BOUL) Boulder, Colorado Non-Profit B-Cycle 2011. 38 519 l

Fort Worth Bike Sharing (FTWRDrt Worth, Texas Non-Profit B-Cycle 2013} 35 465

Cogo (COGO) Columbus, Ohio Publicly Owned Motivate 2013' 30 446

Cincy Red Bike (CINC) Cincinnati, Ohio Privately OwnedB-Cycle 2014' 29 427

GREENDbike (GREN) Salt Lake City, Utah Non-Profit B-Cycle 2013' 20 354

Capital Bikeshare W (CAPW) Rockville, Maryland Publicly Owned Motivate 2010] 21 338

Pacers Bikeshare (INDY) Indianapolis, Indiana Non-Profit B-Cycle 20148 25 332

Charlotte B-cycle (CHAR) Charlotte, North Carolina  Non-Profit B-Cycle 2012 24 330

Houston B-cycle (HOUS) Houston, Texas Non-Profit B-Cycle 2012 28 326 I

Nashville B-cycle (NASH) Nashville, Tennessee Non-Profit B-Cycle 2012 25 295 I

DecoBike Long Beach (DCLB)East Atlantic Beach, New YadPblicly Owned DecoBike 2012 14 270

Bay Area Bikeshare, SJ (BASJpan Jose, California Publicly Owned Motivate 2013 16 263

Broward B-cycle (BROW) Fort Lauderdale, Florida Non-Profit B-Cycle 2011 22 239 I

Kansas City B-cycle (KANS) Kansas City, Missouri Non-Profit B-Cycle 2012 20 233

DecoBike Miami Beach (DCMBliami Beach, Florida Privately OwnedSandVault 2011 14 186

WE-cycle (WECY) Aspen, Colorado Non-Profit Bixi 2013 14 181

Bay Area Bikeshare, RC (BARRgdwood City, California  Publicly Owned Motivate 2013 10 161

Bublr Bikes (BBLR) Milwaukee, Wisconsin Non-Profit B-Cycle 2014 10 138

ArborBike (ARBR) Ann Arbor, Michigan Non-Profit B-Cycle 2014 10 119

Bay Area Bikeshare, MV (BAMMpuntain View, California  Publicly Owned Motivate 2013 7 117

Heartland B-cycle (HTLN) Omaha, Nebraska Non-Profit B-Cycle 2011 11 114

OCTA BikeShare (OCTA) Fullerton, California Publicly Owned Bike Nation 2014, 11 77

Bay Area Bikeshare, PA (BAP®&alo Alto, California Publicly Owned Motivate 2013 5 75

Figure 4. Characteristics of Larger US Bike-Sharing Systens, 2014

The distributive equity of US bikesharesystems

After having characterized BSS systems, the next step was to detesmihattextent
lower-income communities experience di#etial access tthis bike-sharing infrastructure (i.e.,
stations) For this analysis we developad economic hardghindex composed of six variables
(percent overcrowded; percent unemployed; percent with less than high school diploma; percent
dependenpopulation; percent spending more than 30 percent of income on housingreemt pe
with no health insurance). An economic hardship index value was calculated for each of the
8,470 census trackscated within BSS planning areahesesconomic hardship @dexvalues

werethen formed intquintile categorie®f economic hardshépi.e., highest, high, moderate,
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Exgloring the Eguitx Dimensions of US Bicxcle Sharing S¥stems

low or lowes® of which each tradfi.e., neighborhood)as assigned a global and local
economic hardship categorihe global economic hardship categuepresents the quintile
categoryassignedo each neighborhood accounting &ir8,470 census tracts (i.e., across all
BSS planning areas) whereas the local economic hardship category was designed
neighborhooddased on the quintile category estindatising only census tracts located within
the respective BSS planning area boundary.

Figure 5 indicates that more than three qua(te&56 or 2,063 or 75.4 perceof)bike-
sharingstations across the US are located in communities witlofdewest ecnomic hardship
whereas only 245 (11.9 percent) of stations are located in communities with high or highest
economic hardship. Figure 6 presents the distribution ofdhkeing stations by localized
economic hardship category for each of the study BSSatitars are present across systems in
terms of equitable performance yet, overall, stations are skewed toward locations with lower
economic hardship in a large majority of the BSS planning areas. Indeed, only four of the study
BSS have over 40 percent ¢sons located in communities categorized as having high to
highest economic hardship: Greenbike in Salt Lake City, Utah (100 percent), Boulder BCycle
(52.6 percent), ArborBike in Ann Arbor, Michigan (50 percent) and Bay Area Bikeshare in
Mountain View, @lifornia (42.9 percent). Figure 7 maps contrasts distributions ofsbiltee
stations for two study BSS, namely, Nice Ride in Minneapolis, Minnesota and Bike Chattanooga
located in Chattanooga, Tennessee. the former has higher equitable performancecctmtpar
latter with approximately 26.6 percent of stations located in neighborhoods with higher

economic hardship compared with 15.2 percent, respectively.
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Figure 7. Distribution of Bike -Share Stations by Economic Hardship Category for Nice
Ride, MN (left) and Bike Chattanooga, TN (right) 2014

Explaining variations i n t he-share mfgastracburei ¢ di str
The city of Chicago, along with Washington DC and New York City, was one of the first

large US cities to adopt a-salledfourth-generation bikeshare system. licagois alsohometo

thesecond highest number loike-share station€328 in November 2014ndonethe largest

service ares(15.8 square milespnly Montreal and New York City have more bikes than

Chicago. | mpl emented in 2013, the Divvy syste

public transit system. Shaun Jacobseifirahsitizedperformed an analysis examinirige

median travel time of Divvy trips taken in 2014 between every possible station pair and

comparedt to the same trip by public transportatidte found that, in most cases, Divvy trips

were actually faster (i.e., more convertien t han wal ki ng and using Chi

(CTA) bus and/or elevated ralllowever, the previous analysis shows that the system performs
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rather poorly in terms of equity with only 8.2 percent of stations located in higher economic
hardship areas

This present analysis aims to explaariationsin the distribution of bikeshare stations
within the BSS planning area that comprises the Divvy syslemard this end, we reviewed
studies from academic literature, BSS websites and related documielatstiy non
socioeconomic factors that may have played a role in sitingahi&gng stationdVe also
attended two workshops during which Divvy planrdissussed the steps involved in thigal
siting processThroughthese activitieswe identifiedover twenty factorghat are likely to be
considered when siting bikgharing stations, namelgroximity to trandi, population density;
job densitymajor destinations, points of intergstime rate; traffic volumes on adjacent streets;
sun exposurdand useand land ownershipharacteristicsaccess toransit connectivity;
maximum/minimum/average distance to bike share station(s); street network density; proximity
to existing noamotorized infrastructure, especially bike lanes/patbmymute mode sharsite
visibility; sitetopography

We developed a series of spatial models regressing the above predictor variables
(together with the six component variables used for economic hardship index and race and
ethnicity characteristi¢®n elevendependenvariables representing neighborhood accessibility
to bike-sharing stations. In all models we found that economic hardship and race ethnicity were
significant although not strong predictors for variations in4sikaring infrastructurelhe
strength of thepredictors also varied with the exogenous variables used in the (hegelth

different measures of accessibility).
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Toward amore equitabl€ hi cagods Divvy system
Soon after the initial outlay of over 300 stations in Chicago, criticisms arose concerning
the lack of bikesharing stations in lower income communitiésr example, ilDecember 2014,
a group of local AfricarAmerican cyclist organizations sent a lettette City of Chicago's
Mayor's Bicycle Advisory Council, urging it improvebicycling conditions in predominantly
African-Americanneighborhoods, especially on the South and West Sidspring 201Divvy
added1,750 bikes to its fleet expandirntg number of stationfrom 300 to 476City officials
stated that the new stations would do much to improve the equitable performance of the system.
The final analysis examined the degree to which these additional stations improved
accessibility to bikesharirg infrastructure among communities with higher economic hardship.
Figure 8 shows that many new stations were added to the original outlay; expanding access to the
north, east and south. What is not clear is how the expansion improved access across particul
neighborhoods in terms of socioeconomic status. Figure 9 shows changes in accessibility across
economic hardship category pend postexpansion using three measures of access (i.e., count,
spatially weighted network access with Y2 mile cutoff andadlyatieighted network access with
1 mile cutoff). We see here that access was improved considerably for moderate and higher

economic hardship areas.
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!.l
Figure 8. Distribution of Bike -Share Stations by Economic Hardship Category for Divvy,
Chicago lllinois Pre-(left) and Post(right) Expansion, 20145

Figure 9. Change in Accessibility to BikeShare Stations, Preand PostExpansion of
Chicagods D206y System
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