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INTRODUCTION

The bicycle has become a legitimate transportation option in many cities due to its many benefits.
Lower transportation costs, health improvenaeiower emission rates are some critical benefits

of a bkeride. In congested cities, cyciggn efficient mode of transportation. Global climate change
and energy security concerns are also grawflegtedn the sustainable transport system. Bike
sharing a service in which bikes are made available to the srbktimes for a féeis growing
worldwide to keep pace with these growing concerns. litkblghar@rograms offer a solution to

short trips anghrough integratiowith public transjtserve as a firsaind lastnile solution. People
consider bike share a greener and beiteofifg1]. However, due to users' age and different health
conditions, and local areedfastructure and terraisome people cannot reguladg a bicycle.
Electricallyassisted bikeslggkes) are being introduced in many western countries to overcome these
issues. The introduction ofbikes has reducddaditional alhuman poweredycling barriers,
including the perception of fithess needgal, terrain condition, and travel sgjéd].

A large body of research exists on bicycle rboieecand travel behavior. GPS data provides
researchers with the opportunity to analyze route choice decisions as a function of built environment
characteristics. Bicycle route choice involves the joint consideration of convenience, safety, and leisure
[6]. Seval studies have found that cyclists prefer facilities on flagllone roads with slow traffic

or separated bike infrastruct{e 7]. This research has been used to develop level of traffic stress
measurement§d-11] determine the location of bicycle infrastrudtl@e 5] and provie route
guidanc¢ll, 16, 173s a function of traffic volumepeeds and bike infrastructure provision.

Currently researdl lackingon mode shift and route choice changes with the introductidrikese

As shown earlier;lBkes remove some biking barriers associated with health and physical ability.
Physical ability is linked to route choice factors, such as route length afitBieAdditionally, €

bikes may influence safetjated factors such as traffic speed and perceived safety [d9¥tops
Studies have found that route choice varies by age andgerter2l] A st udy bikd Bal t
sharefound that leseducated, lowd#ncome, nonwhites and females were underrepresented in
Bal t i mke shar8Gf those underrepresented communities, gender was the only significant
barrier. Females express concern over specific barriers to accessinglzikd sisargincluding

how to se the system, personal safety, helmet use, harassment, arjd2}y8ieakowing quicker
acceleration and reducing the speed differential between bikes and vehicles at-bigsades) e
influencemodal and route choickecisions. A comparative studyebikesd r out e choi ce
explore the impactlekes have on cycling trip characteristics and route dhdils. study, we
determine if the adoption ofbikes changed the quantity and lenfjRichmond, VirginigRVA)

bike share tripgndhow route choice decisions chanije the introduction of-bikes.



LITERATURE REVIEW

Bike Share lPograms

Introduced by transportation planners and often called rental bikes or public use bicycle programs,
bike share prograntsave been implemented worldwiitig] There are many bike sharing systems,

with public bicycle sharing and recreational b&lyateng systems being the most common.
Universities have introduced bike share programs exclusive shuttenisfor commuing on

campus. The majority of public bicycle sharing systems irseitagsim to give commuters an
accessible and tirafficient transportation mode in congested areas. Different business groups
(Bewegen, Copr, CycleHop, Citi Blkeme bikeand many more)perate bicycle rental programs.

Users can rent both docked and dockless bicycles depending on their origin and destinations and bike
sharec 0 mp asystem £éople can also rent for a few houfer a few days, dependingthair

needs. Biksharing programs allgarticipantso use a bicycle as needed without bicycle ownership
costs and responsibilities [23]

The first Dbike sharing program was introduced
launched in Amsterdaso named because its few bikes were paintedlwkiite firstgeneration

bike share, the bikgereplaced in various locations around the tfmwriree useThe program

suffered from stolen and damaged bike problems, and eventually the plan dbi&agsednd

generation bike share program was aoparated system first launched in Copenhagen, Denmark,

in 1995. It was hoped that this system would resolve the theft problem thaigesiiegton bike

share faced. In 1996, the cities of Minnesapoll St. Paul in Minnesota also started a bike share
program. In this program, peojlet in a cointo unlock the bike from the bike rack to use it.
However, there was no system to identify the, ugachled to a prevalence of stolen bikes. [24]

Third-generation bike share prograesagreatly minimized issues of tBée-sharing applications

now usdifferent technologies, including smartphone use, GPS tracking, debit/credit card payment
systerg realtime bike inventories, and many more to ttaekike and us@route to prevent theft,

creating an incentive tary the bikes back promptly [24ore than 100 cities have a bike sharing
program, anthe numbersaiencr easi ng. Il n China, Hangzhou ha
sharing progmm, well integrated with other public transport forms. In the USA, bike sharing is also
increasing in popularityith both docked and docklekikessharepopular among rider groups. In

2016, the totalumber of bike share bikes wa$@@, which doubleid 2017 to 100,000 bikes. In

2017, dockless bike share companies added almost 44,000 bikes worldwide, while 1:-bA8fistation
bikes were added to the system [25]

Introduction of Ebikes

An electric bike or-bike isa bicyclethat hasan electric mot thatprovidespower assistance up to
speeds o25km/hour. This kind of bike is engaged with a throttle grip or pedaling and has a power
output of 250 W, and power can only be engaged by pedaling, also callesigientapedel§z].

E-bikes are amxcellent addition to bike share prograimse theyeduce many barriers to pedal



cyclingsuch asge issues, health issues, steep terrain, lack of time,-afrb@nticilitied2-5].

Most ebikes look similar to conventional pedal bicycles and have theipbekfétgd in a different
locationsuch ashe seat post, bike frame, or rear f@& Though the power assistance makes the
riding more comfortable, users still need to pedal, mucidesphysical activity benef{&7] E-
bikes arattractiveo people with injuries, ttosewho aeless fitor older

Due tothe many benefits-lekes are becoming more common in different countries. In Europe,
many countries-t@kes account for 12% to 15% of total bicycle 8e29]Europe has also seen

a significant increase ibikes sale80] Different studies show thabie access increases the
number and distance of bike trjB4, 32] E-bikes arealso energy efficient and environmentally
preferred modesompared t@ther motorized transportation mo@&3] An ebike is also quicker
than a traditional bicycle and enables tes@kelonger trips, even on hilly routeshikes also can
replace many ccar bus tripandavoid rush hour traffic by offering competitive travel speeds.

Factors afécting Route Choice for Bicycle anebke Users

The route choice decision of any bicyclist is a difficult and challengifdaisguactors influence
the attrativeness of different routesnd dfferent studiebave been conductéal understand the
attributes that affect route choice decisions.

Campbell et al. (2016) did a mode choice survey and used the data to develop a multinomial logit
model for mode chagcto evaluate the factors influencing the decision to switch from an existing
transportation mode tuke sharer ebike sharén Beijing. The modelingsult shows-bike share

riders givdessimportance to the distance of the trip, temperature, andinayualitythan do

traditional bike riderfor whomprecipitation plays a negative role. The result also shows that the e
bike share provides an attracéikternativeo the bug34} Khatri et al. (2016) used GPS dtata

1,866 bicycle usarsPhoenix, Arizonavhowere enrolled inlaike shar@rogram called Grilike

share Thisbike sharsystem had a unique featina allowedisergo drop the bicycle away from

the station for a small extra fee. This study compared two types of users: registered users and casua
users. Theesearchers cleaned @S data anchatchedt to the road network. A path size logit

model was used to understand ralneice, and the result shows riders use a mor&idindy
environmentatherthan the shortest path. Most registered users preferred @ydtingr volume

and lower geed roads than casual users. The magnitude of the coefficient also shows that registered
users are more sensitive to route length than occasional users. Again, differesti¢acikide

lanes, muluse paths, or share paths have more accefftenad.on the bikspecific facilities was
equivalent to a decrease in the distance 9 ddn¥pared to 538 for casual usef33]

Hood, Sall, and Charlton (2013) tried to recognize cyclists' dweisiog by using a route choice

model. The model is run with GPS data of bicycle users' smartphones in San Francisco through a free
application called CycleTracks. The paghagit route choice model result estimated that cyclists in

San Francisco highly prefer bike lanes to other bicycle facilities. The result also showed that bicyclists
avoid routehat requirelimbing hills, turning, and deviating excessively fromirtmeum distance

pathg[35] Stinson and Bhat (2003) analyidateterminants of route choice decisions from a stated
preference survey data by a disctetece modeling framewoilthe surveguestionnaireonducted



online,is designed using a series of hypothetical route choice questions to understand the user's route
choice. The evaluation of route level and link level factors revealed that travel time is a significant

factor beind choosing any route. Other highly essential elements are bicycle facilities along any road

or bridge, riding surface quality, and automobile traffi¢g3éjel

Broach, Gkbe, and Dill (2009) did a sureegluatiorstudyin Portland, Oregon. They used detailed

survey data of 150 bicyclists using GPS tracking devices to reveal the actual paths. The authors usec
GIS mapping of the street network andstiéet way with alheé attribute information regarding

facility types, daily vehicular traffic volumes, and elevations. The result of the route choice model,
which was formulated apathszelogit model, indicates that users are more concerned about total

path length. Tushacross heavilsaveled arterials and higaffic-volume through streets without

separate bike facilities play a negative role in route[8fpiceegadilha and Sanches (2014) did a
survey study t o under st.aTha stdp iwkse carned eut sird rou
Brazil amond@5 cyclistsEighteen factorareregrouped into five categories: characteristics of road,

traffic, environment, trip, and route. Teyclistalso used a GPS device, and the result is obtained
through GIS analysis. Thesults show that motor vehicle speed and the number of trucks on the
road play a crucial factoroute choice. Other essential elements are the number of motor vehicles,
street lighting, and secuf88] Using a welbased stated preference survey of Texas bicgels,

Eluru, and Bhat (2009) studied and evaluated the attributes that influence bicyclists' route choice
decisions. The study evaluatescamp r ehensi ve set of characteri st
street parking facits,bicycle facilities, and roadway physical, functional and operational features.
The mixed multinominal logit model analysis shows that the motorized ‘edveletsne and

volume are the most crucial attributes in route choice decisions. Other relevant factors are cross
streets, red lightspeed limit, and bicycle facilifg<

Impads on Travel Behaer and Mode @oice

Introducinge-bikes in any city influensdghe travel behavior of thebée riders. One Norwegian
study had 66 individuabée users compared with a control group of 160 individuals. The results
show that due to thelske introductin, the cycling trip increased from 0.9 daysttddys. The

riding distance also increased from 4.8 km.5okh® while the control group showed no increase.
The proportion of trips by-leike also increas&om 28% to 48%32] A study done by MacArthur

et al. (2014) tried emswetwo questiondVill ebikesget more people to ride anill e-bikes increase

riding frequen® The found that ebikes may increase cycling ppdteon, and almost 55% of
people start riding daily after gettisimgkes while 93% ride weeldy Langford et al. (2013)sede-

bike share dataom North America's first-bikesharing system (cycleUshatthe Unversity of
Tennessee, Knoxvill€he study found that 22% of users accounted for almost 81% of bike trips.
Speed and comfort play a vital role in selectindgpiia estead of a regular bicycle. Gike share
expanded user mobility and reasons of trip purpodeke Eders rode 13% farther than their
conventionabike shareounterpart$40] Some othertgdies also show thatbike users travel a
greater distance than traditional bicycle users. Another study by Cherry et al. found that the distance
traveled by-bike increasetikmbetween 2006 to 202} One study in tw€hineseitiesshowed

that the incrased use ofleikesalso improved the vehicle kilometer traveled (\M/BY% and 22%



in Shanghai andufaming respectivelyThe travel speed is even higheefokes than traditional
bikes,15% in 8anghai and 10% in KummiptR] Different studies also figured oigters' mode
choice behavior with the increased usebikes. Cherry et al. (2014) show in their research that
almost 25% of-bike riders alter their ebbased rides and 60% replace thertbps with an-bike

[41] Another study by Langford et al. (2013) also showed thdtikieedésplaced 11% of car trips

in the respected study aj4@] In Macartur et al.'s (2014) study, 65% of respondents want-to use e
bikes to replace car rid¢3]. Johnson an&ose (2013) studied Australiaan online survey to
undersand the éike owners' decisignaking process. The study found that 60¥#eoéspondents’
motivation forpurchasing ae-bikewas to cut outome car tripgt3]

Previous studsefocused on the factors behind usHigkes andheirinfluence on mode choices.
Several studies relied heawilpurveys to determine differesibetween bike andbeke use. This
study will utilize GPS data for a docked-shileae system in RichmoNarginiato determine if the
adoption of ebikes banged the quantity and lengthiké share trips and how route choice decisions
change with the introduction ebikes



DATA COLLECTIAGND STUDY DESIGN

Study Site RVA Bike Share

In 2017, Richmond/irginig launched the RVA Bike Share. At its launch, the system offered only
traditional pedal bikes. Beginning/ismch 2019,RVA Bike Share began convertingtthditional

bikes to ebikes.Currentlya total 0of220 bikegboth traditional and pedelecgavailable acrod®
stations throughout central RichmondgMia At the time of the study the Downtown YMCA
station was open and Main Street Station was not yet in operation.

There are six general pricing structures for the RVA Bike Shareafikepshcan be charged per

trip (Go Pass and Osneay Trip Pass) @eoplecan pay to take an unlimited number of trips within

a year, month, week, or day. Trips over 45 minutes are subject to overage fees of $3 per 30 minutes.
Figurel shows the locations of the RVA Bike Share stations in relation to the bicycleDacifiies.

the study period two special membessiigre offered. The Fall Offer Pass was offemd fr

October to December and the RVA Mural Bike Tour occurred in August.

Tablel: RVA Bike Share Membership Categories

Membership Description Price

Annual Unlimited 48min rides for 1 year. 1 bike per memberq $96

Monthly Unlimited 4511|n rides for 1 month. 1 bike per $18
membership.
Unlimited 45min rides for 7 days. One bike per pass,

Weekly Pass possible to purchase up to 4 passes at the kiosk. $12

Dav Pass Unlimited 4&min rides for 24 hours. One bike per pas $6

y possible to purchase up to 4 passes at the kiosk.
Go Pass Receive a pass to unlock bikes but pay pamiide. $1.75 per ride

Not available at kiosk.

One 45min ride. A pass is dispensed at the kiosk to

unlock the bike. May remp 4 bikes at once. $1.75 per ride

Oneway Trip Pas




Figurel: RVA Bike Share System































































