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ABSTRACT

The transportation sector is currently experiencing a disruption with the introduction
and evolution of technology and transportatservices such as bikesharing, carsharing, on
demand ridesourcing (e.g. Lyft, Uber), and microtrafesd. Bridj, Chariot)As these new
layers of technologypased transportation options begin to flourish, it is important to
understand how thegffectour transportation systems and society. This doctoral dissertation
analyzes the impacts of ridesourcing on several areas of transportation including: efficiency
in terms of distanceé Vehicles Miles Traveled (VMT) versus Passenger Miles Traveled
(PMT) 1 andtravel times, mode replacement, VNficreaseparking, transportain equity,
and travel behavioRealizing the difficulty in obtaining data directly from Lyft and Uber,
this research emplsyn innovative approach by the author becoming an independent
contractor to drive for botbompaniesthis allowed the author to gain access to exclusive
data and redime passenger feedbadihe datasets include actuedvel attribute$ such as
times,distances, and earninggrom 416 rides (Lyft, UberX, LyftLine, and UberPool), and
travel behavior and socidemographics from 311 passenger interviews. This dissertation
estimates a low ridesourcing efficiency rate compared to other modes, mix of modes
replacement, overall increase in VMT, decrease in parking demand, low wages (i.e. net

earnings) for drivers, travel behavior changes for users, as well as relationships between



modality style, trip purpose, and stated reasons for mode replacement. Thksges us
insights into the impacts oidesourcingon several key aspects of transportation. This, in
turn, will help cities and transportation organizations better account for ridesourcing in their
planning and engineering processes (e.g. travel démadels) as well as policy decisions.
The form and content a@liis abstract are approvddecommend its publication.
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CHAPTER I

INTRODUCTION

Evolving transportation services such as bikesharing, carsharing, ridesloaring
demand ridesourcing (e.gyft, Uber), and microtrans{e.g. Bridj) are becoming
increasingly popular all over the world. Many factbiscluding social networks, regiime
information, and mobile technologyallow passengers and drivers to connect through
mobile smartphone applications (i.e. apps). In turn,ithgted to the crean and
popularization of technology companies offering-dyased ordemand transportation
platforms. As these new layers of technoldgged transportation options begin to flourish,
it is important to understand how they compete and interact with naeolieédnal modes.

Beyond travel behavior, these tools and evolving transportation services can also
significantly impact our transportation systems, society, and the environment; yet, very little
data is known and the academic researchimmumto undersind and measure the impacts

of these services regarding outcomes such as vehicle miles traveled (VMT), mode
replacement, parking, equity, and travel behavior.

Providing a more diverse array of travel options should theoretically reduce car
dependence andwer parking demand; however, there remain unresolved questions about
what cities actually gain (or lose) in terms of sustainabigtgted outcomes including
efficiency, congestion, carbon emissions, and transportation equity issues. Even when
replacingsingle occupancy vehicle (SOV) trips, there are negative effects. For example with
VMT, there are additional miles traveled by the ridesourcing diimfore passenger pick
up or after passenger drofff T over and above the actual trip the passengetdirave

driven in the first placéCramer & Krueger, 20t61enao & Marshall, in pregsThere is also



a theoretical saturation point where higher ridesourcing supply than demandfeayes
drivers circulating without riders, which can cause unnecessary VMT, congestion,
environmental issues, and other problems that are not yet documented with these new
technologybased modal options.

While there is widespreadformation online regardingompanies such as Uber and
Lyft, the academic literature on ridesourcing is extremely limited due to the lagenfdata
on these serviceQbtaining data for independent academic research from Lyft and Uber is
extremely difficult(Bialick, 2015a Levitt, 2016 and even when these companies agree to
share data, the data is often not adequate for research puiyaseso, 201§. These
private companies cite customerso privacy
lack of data sharing, but perhaps they do to avoid showing the potential negative impacts in
our transportation syster@ity officials and transit advocatémve expressed concerns about
the lack of open data and potential problems with ridesourcing suotnggstion
competition withpublic transportatiorandequity issue¢Flegenhener & Fitzsimmons,
2015 Grabar, 2016Rodriguez, 2016

Without appropriatedata, measuring imptcis not possible; and even when such
data is available, investigating shtetm and longerm impacts of ridesourcing on travel
behaviori such as the travel modes replaced by ridesourcing and why people shifted from a
previous modé remainsextremelydifficult. There are still limitations with regard to
measuring new trips that may not have occurred before (i.e. induced travel), modality
resources (e.g. car ownership), and modality style (e.gpreanted) of users as well as
multimodality (i.e. ava#bility of several modes) and intermodality (i.e. combination of

various modes for a single trip or mixatbdes). This combination of problems makes

pr



analyzing the impact of these services on the overall transportation system exceedingly
difficult.

Due to he complexity of this topic, this dissertation first proposes a comprehensive
framework aimed at starting the conversation on the type of data that needs to be collected,
the questions that researchers need to be asking, and pointing out issues thraisaighih
conventional research methods. For exi@mipwe ask someone that does oain a car
what they would have done without Lyft/Uber for a specific trip, they might answer transit.

In theory, the ridesourcing trip classified as a negative enviraental impact. However, a
more comprehensive research framework might reveal that the decision not to own a car in
the first place was made in part due to the availability of Lyft/UBensidering such lorg

term car ownership decisiomuld now exposehe ridesourcing trip as a positive
environmental benefit.

Beyond looking at the travel modes replaced by ridesourcing, the framework also
includes insights from individuals on the process of why a specific mode was selected over
the alternatives. For examepwhat is the role of travel time, travel cost, parking, and other
factors in the decision making process? Such insight would help provide researchers with the
ability to investigate the impact of ridesourcing on a region or city in terms of VMT and
parkng demand. It may also facilitate studies across different geographical areas (e.g. urban
vs. suburban, city size, density, etc.) where we could find differing impacts in different
contexts. In other words, could ridesourcing have, for example, positpets in more
suburban areas and negative impacts in more urban areas? Or could the contrary be true? The
intent is to provide a framework that will allesuchquestions to be explored, and then

carry out the research.



The overall goal of this dissetian is tostartfill ing the gap in the academic literature
and help researchers study the effects of evolving services such as ridesourcing and start
measuring these impacts on transportation. This, in turn, will help cities and transportation
organizations better account foethmpacts of evolving transportation services in their

policies, transportation planning, and engineering processes.

Specific Aims
The specific aims and key contributions of this research are that | will build upon the
existing literature on evolving trapsrtation services by:
1. Developing a comprehensive research framework to study ridesourcing
2. Collecting unique and interrelated datasets of ridesourcing drivers and passengers
3. Developing a ridsourcing survey fopassengers seeking Institutional Review
Board(IRB) approval
4. Measuring travel distances, times, earnings, and its efficiencies from the driver
perspective
5. Measuring the VMT and parking demand impacts of ridesourcing services
6. Investigating travel behavior changes by assessing what travel modeplaced
by these evolving transportation services; and evaluating the factors associated
with why people shifted from their previous travel moded for what trip
purposes.
7. Developing a framework for a mode choice model that would allow for

integrating idesourcing services into regional travel models.



Study Organization

This dissertation is organized inttevenchaptersChapter Il provides a background
for ridesourcingncluding a history and overview ofytt and UberChapter Il (Literature
Review) wverviews the topic of evolving transportation services and covers the limited
research in this area. In order to better understand how tselarca on ridesourcing
servicesthe first step is to develop a comprehensesearctiramework Thus, Chapter IV
is devoted to thisand includesesearchmethods, city choice, and data collected for its
application in this dissertatio@hapter V presents the datde first three objectives are
addresseth Chapter IV and VObjective fouiis addessed in Chaptafl (Driver
Perspective: Travel Times, Distances, and Earnings), the fifth objective in Chalpters V
(VMT Impacts) and MVl (Parking Impacts and the sixth in Chapter I ravel Behavior
Changes). ChaptéK is a summary of results and &jter X1finalizes this dissertation with
overall conclusions, recommendations, and future research. Assisting the reader and for
better organization, each of tfeur paper chapters (Chapt&sthroughlX) includesits
own detail section oliterature reiew, specific data and analysis, chapter results, and chapter

conclusiondor each detail topic



CHAPTER II

BACKGROUND

While Lyft and Uber in their curré form are mostly known for theiegular Lyft and
UberX services, and carpogptions: LytLine and UberPoothey offer other options and
have evolved from a variety of services in their his{giigure 111). For example, Uber
started as a blaetarlimousineservice called Uber@alaunched in San Francisco in 2010
(McAlone, 2019, while Lyft cofounders Logan Green and John Zimmer previously co
founded Zimride, a trirideshareplatformcreated to connect drivers and passengers through
sodal networking. Green and Zimmer started Zimride in 2007sahdl it to Enterprise
Holding in July 2013 Lawler, 2014. While Lyft was launched in June 2012 with driginal
regular Lyft serviceUber did not unveil its regular UberX service until JAB12, a couple
of yeas after it started with UberCahyftLine and UberPool services started in 2014 but are
only available in certain metropolitan citiéls/ft Blog, 2016 Uber Newsroom, 201£2016.

For example, Figure Il shows the cities wheleyftLine was in servie orabout to launch
as of April 201§includingDenve).

As of the summer 2016, Uber was already in 450 cities globally, and completed two
billion trips in its life span. One billion rides were completed in six years, while the same
number of rides were completed in six montBemerville, 2018 Ub emaiesl e st i
valuation continues to grow and currently is at $62.6 billion, makithgg most valuable
transportation company in the world; and currently, without owning any vehicle,
infrastructure, or having to hire drivers as employees. Lyft operates extjuritiee U.S.

and is valued at approximately $5.5. billion dollgBs Salomon, 2016



Zimride
Logan Green and John
Zimmer (Lyft Co-founders)
started Zimride, a true

Zimride Sold
Green and Zimmer sold
Zimride to Enterprise

black-car limousine
(UberCab)
in San Francisco

UberX in July 2012

rideshare platform Lyft Holdings LyftLine &
Green and Zimmer Uberpoo|
launched Lyft in in Denver
June 2012
2010 2014
® —o
2007 2012 2013 2016
UberCab UberX Lyfline &
Uber started as a Uber launched UberPool

Figure Il .I. Lyft and Uber Timeline

@
& v, as”
(e oo 3
o o
Cities Lyft Line is in:

Atlanta New York City
Austin Philadelphia - Launching 4/13
Boston San Diego - Launching 4/15
Chicago San Francisco
Denver - Launching 4/12 San Jose - Launching 4/14
Los Angeles Seattle - Launching 4/1
Miami Washington, D.C
Greater Newark Area - Launching 4/12

WYk

Figure Il .Il . LyftLine serving cities
(Source: Lyft Blogii Fi v e

Days.

Si X

C,iApril 5¢2916)

A




One of the latest news releases shows that Lyft is giving rides at a ratendfidry
U.S. rides per month. is estimated that Lyft has around 20% of the market share, making
Uber the ridesourcing company with the highest volume in the U.S. These numbers show the
magnitude oLyft and Uberandtheir influence orthe way people get aroundber and Lyft
path has not been worry free. They have to constantly deatliffehent situations such as
regulations, protests, and lawsuits from taxi companies, city officials, and drivers claiming
employment rights. They adhave takemadvantagesf the terminology in their marketing
strategies.

The terminology of new and evolving transportation services can be confusing and
sometimesll defined by the transportation sector. Intentionally or unintentionally, many
accredite¢people and companies use the terminology incorrectly, which can mislead public
perception and general use of the services. A recent example is the misused word
0ridesharingd when referring to (Goddd,@&»ur ci ng
The Associated Press Stylebook in Rdnuary 20
hailing services such as Uber or Lyft let people use smartphone apps to book and pay for a
private carservice or in some cases, a taxi. They may also be callethomking services.

Do not use ridesharingd (Warzel, 201% While there seems toe aconsensughat these

services are not ridesharing, there is still no clearly a defined term. Some of the names
include: ATransportation -INeit wongogQCkimpgadeesdr |
mat c hi adgniandr N d @ s-b a s i@ a p Pan diterspdto be tonsistent with

previous academic resear@kayle, Dai, Chan, Cervero, & Shaheen, 2041t to allow for

possible future variations of such schemes to be housed under the same header, this study



uses the term fAridesourci ngsourcingdirgdesead i ni t i on

for-fare driver pool accessible through an-#ygsed platform.



CHAPTER Il

LITERATURE REVIEW

Lyft and Uber aralisrupting urban transportation systeamsl competing with more
traditionalmodes (i.e. car, taxiransit, walk, and bike), but a minimal number of U.S. cities
has been able taccount the impacts of ridesourcifi@uPuis, Martin, & Rainwater, 2015
The introduction of these services has implications for travel behavior and mode shift, as
well as impacts on the evall transportation system.

Other services such akbsharing and carsharirage continuously evolving and
increasingusersin cities across the glod&. Shaheen & Cohen, 2012 Shaheen, Guzman,

& Zhang, 2010. In addition,while the academic literature on carsharing and bikesharing
systems has provideding ht s about tdharastestics(g.¢ soeeecwrdmMIit S e r
demographics, preferen¢e=c) and transportation impacts (e.g. car ownership, car use,
VMT, reductiors of cars on thaetwork, and mode share), the literature on ridesourcing
remainsvery limited.

While there is abundant infioration online regarding companies such as Lyft and
Uber, the academic literature on ridesourcinggis/ limited, in part due to thenovelty and
lack of open data on these servidege to the ridesourcinigistory, evolution,and similarity
to other servicg the few academic studies on this topic compared ridesourcing mostly to the
taxi industryand ridesharing servicédnderson, 2014Cramer & Krueger, 2016Rayle et
al., 2016.

Rayle et al. (2016Jid a research study comparindesourcing and tradd@nal taxis
in San Franciscasing an intercept survey in spring 20T#he findings from this study

indicated that compared to the overall San Francisco population, ridesourcing users tend to

10



be a lot younger, have higher incomesyéalower car ownership, and frequently travel with
companions. This study also shmtvat comparedb taxis, ridesourcing customers
experienced shorter waiting timd3articipants in this study said that ridesourcing both
substitute and complement pultiiansit, walking, and bikingand8% of survey respondents
stated that they would not have traveled (neluced travel effegtf ridesourcing services
were not available.

More recently, the IsaredUse Mobility Centeinvestigated the relationship betwee
public transportation and shared modes, including bikesharing, carsharing, and ridesourcing
in seven U.S. cities. This report found that the higher the use of shared modes, the more
likely people use public transportation, own fewer cars, and spemriéssnsportation. It
also shows that shared modes complement public transpo(fétiophy, 2016.

Regarding literature not currently published in academia, the website FiveThirtyEight
has published a few articles geding ridesourcing companies using data acquired via a
Freedom of Information Act request. The articles show that in New York, Uber is taking
rides away from taxis and generally covers a larger(@ieéik, Flowers, FischeBaum, &

Mehta, 2015FischerBaum & Bialik, 2019. In another article, FiveThirtyEight argues that

for Uber to be worth its $50 billion valuation, it has to complement and attract customers that
normally use public transportation. This last article alsed data on median income levels

by census tract and residential pick up rates showing that lower incomes experienced fewer
pickups(Silver & FischerBaum, 2015 The article compacdegeneral travel cost (using basic
assumptions) of public transit, Uber, and the cost to @war; arguing that Uber in

combination with high use (around 65% to 85%) of public transportation can be significantly

11



cheaper than car ownership. Overall, the articles suggnstt Uber isaffectingmode
choice, intermodality, and travel costs (thatildan turn affect mode choice).

Since the literature in ridesourcing is extremely limiiedmportant taeviewthe
literature on a similar servidhat has evolved over the last few years @mtains more in
depth studiesThisis usefulin helpingunderstand ridesourcirandfor helping design this
newer strand of transportation research

Carsharing systems provide a fleet of shared vehicles fort&hortuse where
members pay in time increments of minutes or hours. Currently, there are sengtraliog
models including the following variations: routr@p or oneway (i.e. poinito-point),
stationbased or fredloating, and peeto-peer.

Roundtrip stationbased carsharing is the oldest and most established system, where
users need to returndlvehicle at the same fixed station it was checked out. Ripind
carsharing started in Europe as early as the 1®4@snore successful programs did not
began operating until the midB90s(S. Shaheen & Cohen, 200While most carsharing
research is based on the traditional stabased roundrip carsharing system, the last few
years hge seen a surge in orveay carsharing research. The first services without any fixed
vehicle station$ Car2go by Daimler and DriveNow by BMWstarted in 2009 and 2011,
respectivelyFirnkorn, 2012. As of October of 2014, approximately 4.8 million individuals
are members of carsharing programs worldwide with a total fleet of 104,000 vehicles
(Shaheen and Cohen, 2014).

Therehavebeen a number of studies aiming to evaluate carsharing impacts, but the
results are not clear with respect to the effects resulting from changes in the launch of a

carsharing system. This is probably due to difficulties with respect to data availability,
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timelines, confounding effects, as well as research design and method(fauiksrn,
2012 GrahamRowe, Skippon, Garam, & Abraham, 201,1J Kopp, Gerike, & Axhausen,
2013 Johanna Kopp, Gerike, & Axhausen, 20L& Vine, Acamou, & Polak, 2014Stopher
& Greaves, 200}/ Numerouscarsharing studies focus on determining impacts on
transportation, land use, environmental, and social benefits with some mixed results in
certain areas and clear evidence on others. As regards to this dissertation, carsharing research
on travel behavioran be classified and quantified in the following areas:

Sociedemographics for carsharing users and nagers:Studies suggest that
carsharing users do not usually represent the overall population with regard o socio
economics, demographics, and travdidgor characteristics. Carsharing users tend to be
younger, with higher levels of education and income, and live in denser areas with better
access to public transportation. Carsharing users also tend to have higher public transit,
walking, and biking moe shares and lower car usage compared to the general population
(Cervero & Tsai, 2004] Kopp et al., 2033ohanna Kopp et al., 2018 artin, Shaheen, &
Lidicker, 2010 Sioui, Morency, & Trépanier, 20).2

Car ownershipStudies revealed that car ownership for carsharing members is lower
than the general population and roembers. Empirical evidence has also shown a
reduction in private vehicle ownership after joining a carsharing program byggedtiof a
vehicle owned or foregoing vehicle purché&Servero & Tsai, 2004Meijkamp, 1998S. A.
Shaheen, Cohen, & Chung, 20@eininger, Vogl, & Zettl, 1996 For example, a study on
City Carshare in San Francisco indicated that a higher share of members reduced car
ownership as compared to a control group ofn@mmbers, approximately¥0% versus 8%.

Two-thirds of members also said they refrain from purchasing a vehicle as compared to 39%
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of nonmembergCervero & Tsai2004). Another study based on a survey in 2010 of
members of Communauto, a Montreal carsharing company, concluded that members of the
carsharing service have approximately 30% lower car usage compared to the level of those
that own a vehicléSiouiet al., 2012 Another study showed that the average number of
vehicles per household dropped from 0.47 to Q\24rtin et al., 201)

Car use andrehicle miles traveled (VMTA large study across North America on
roundtrip car share subscribers revealed that while most members drive more with
carsharing, the minority that drive less are driving less by a higher order of magnitude, which
leads tdess driving overall. In this study, VMT declined by 27%, and when including those
that decided not purchase a vehicle in the first place, it was a 43% redivtzicim et al.,
201Q S. A. Shaheen et al., 2009 he first year of City Carshare operation in San Francisco
suggested an increase in motorized travel for mesi{dervero, 2008 however, in the
second year of operation, the daily VMT reduced slightly for members and increased for
nornrmembergCervero & Tsai, 2004

Reduction of cars on the transportation netwddksed on several carsharing reports
in the U.S., carsharing helps remove an aggregate of 9 to 23 vehicles from the road
(including both shed ao$ and foregone car purchases) per shasedvehicle from the
transportation networfane, 2005S. A. Shaheen et al., 200%or exampleCervero and
Tsai (2004)estimated that a carsharing fleet of 74 in San Francisco removed approximately
500 vehicles from the streets, equivalent to 6.8 private vehicle per carsharing vehicle.
Similarly, a study from Philadelphiadad that each PhillyCarShare vehicle replaced an
average of 23 private vehicles, 11 vehicles from members giving up a car and 12 vehicles

from not acquiring one in the first pla@eane, 200k
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Mode shareStudies on statiocbased carsharing suggest that some of its members
change travel behavior towards public transportation andgmwaiorized modes, while others
do the opposite by reducing transit, walking and biking usage; gJeralever, most people
tend to increase public transit and santorized modal usge. Martin & S. Shaheen, 2011
A study of Ulm, Germany using two different methods reported that after the introduction of
a pointto-point cardaring service, members shift modes and reduce the usage of all other
modes of transportation including private cars, public transportation, anchotnized
travel (Firnkorn, 2012. Carsharing research on both roungd and pointto-point carsharing
concluded that poirb-point is a substitute for public transport while rotirig carsharing is
a complemenfLe Vine, LeeGosselin, Sivakumar, & Polak, 2014

Many of the studies on carsharing research rely on sample surveys to gathe
information on members demographics, current usage of the carsharing service, atod prior
joining carsharing travel behavior informatifirane, 2005E. Martin & S. Shaheen, 2011
Martin et al., 2010E. W. Martin & S. A. Shaheen, 20 While these studies provide a
basic idea on socieconomic demographics and travel behavior patterns at the aggregate
level, they arenconclusive on the effects ofrsharing because they fail to control for
several factors that could affect the results (such as predisposition characteristics of people
joining a carsharing system) or by not comparing the study population with a control group.
From all the carsharingtudies, only a few include a statistical control group in their
methodology. Control groups, either on longitudinal or csEsgional research, alloto
correct for some confounding effects that otherwise would be difficult to distinguish from
effect results. The best example of the use of control groups is the study over time by

Cervero, Golub, and Nee (200af) City Carshare in San Francisco. After two years of
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service, VMT for carsharing members decreased, but it decreased even further for non
members; so relatevto the control group, VMT for members increased. Another example is
the research studyy Johanna Kopp et al. (201%Yhere they used a reference group of-non
carsharing users using an online and app based tramel dgMobility, to collect individual
trips over a fday period. This was a relatively welésigned study (with respect to survey
instruments, methodology, and clearly stated limitations) of affvaéing carsharing

service. The study also implemengedultimodal index by analyzing the distribution of
transportation modes of carsharing for users aneusens, and stating future research needs
to disentangle the effects of joining a carsharing service on mobility behavior, which this
dissertation aimto find.

Although studies that use control groups are considered to have a better statistical
methodological research design, there are still some problems to overcome such as
confounding biases r esul tselectopn and atbimgohaacesdE har i n g
nornrmember sampling that could potentially misrepresent the popul&@aecerninghis
dissertation, using latent classes will help understand the modality style of individuals using
carsharing in relation to the same classes from the geymalation. Per the literature
review, carsharing members tend to have a more sustainable modality style as compared to
the general population, including higher use of-nutorized transportation and lower
frequency of private car use. In this case frecomparison would be to calculate the
difference against nemembers that have a multimodal travel behavior.

Another way to compare, track, and measure the impacts of carsharing is using the
research design implementedfiynkorn (2012)using Car2go data. Firnkorn used the

following two approaches to triangulate toward the impact of carsharing on travel behavio
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i) hypothetical travel behavior at present without Car2go; and ii) past mobility travel
behavior on top of current behavior with Car2go. Details on the survey methods and
metlhodology from this study ar@pplicable to this dissertation. However, the austates

that the two measurement techniques should theoretically have produced the exact same
results i f they were completely -caslhingendent .
could easily be different to what that person would do today wittengharing.

The results from the few ridesourcing studies were similar to carsharing studies
suggesting that carsharing users do not usually represent the overall population with regard to
socioeconomics, demographics, and travel behavior characteasticgsers tend to be
younger, with higher levels of education and income, and live in denser areas with better
access to public transportation. Members also have different mobility resources with fewer
cars per households, higher levels of bike ownerahgopublic transportation passes, as well
as higher transit, walking, and biking mode shares compared to the general population.

The current carsharing, and ridesourcing literature offers a generalfitteasocie
economic demographics and insights itnavel behavior impactst the aggregate level, but
there is no clear understanding at the individual level on the actual motivations why a user
chooses a mode over the alternatives. For example from the previous studies, there is no
investigation on theote of travel time, travel cost, or convenience (e.g. parking) on the
utility and mode choice of travel demand models. There is also no implementation of
modality style on the effects of carsharing on travel behaViw.changes cannot clearly be
attribuied to carsharing or ridesourcing without knowing the members behavior prior to
joining a new service (e.g. cariented or multimodal) and controlling for the factors that

influence travel behavior over time such as individual and household charactdasttsn
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choice, or transportation resources. This dissertation aims to address these problems by
implementing a methodology that focuses on a more comprehensive examination of
ridesourcing effects on individual travel behavior and overall impacts dratisportation
system.

As seen in this overall literature review section, independent research on ridesourcing
remains very limited. Each chapter eowmg specific topics (Chaptstl through ChapteX)

includes a more detail review and related literatareach theme.
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CHAPTER 1V

RESEARCH METHODS

The first step in understanding the impacts of ridesourcing is to develop a framework
to guide the research and fill the important gaps in the literature. With Dr. Wesley Marshall,
we cceauthored the book chapfiefi A amawork for Understanding the Impacts of
Tr anspoirrteateindd o/ p u bl DisuptegiMobility: Iihndacts obSbasikg i
Economy and Innovative Transportation on Cilildenao & Marshall, 2017 This study
lays-out the research framework needed to investigate ridesourcing impaetssipartation,
emphasizing the need to employ a combination of travel attributes (e.g. travel times),
revealedbehavior data, and stateelsponse data structures.

Many transportation planners and engineers dream of having ridesourcing data to
analyze and @ake transportation decisions. While it would be nice to have access to this data,
we still have not seen any examples of data sharing from these companies for independent
academic researcRealizing the difficulty obtaining data directly from Lyft and Whle
decided to become an independent contractor and drive for both companies; this allowed me
to gain access to exclusive data and-tiea¢ passenger feedback.

| signedup to drive for both companies in early 2015, initially doing exploratory
analysis taletermine how viable this methodology would be for collecting data. After the
initial test rides, | decided to continue in this direction by developing the research framework

and the passenger survey. | then sought IRB approval and applied for resediat. fu

There are two interconnected datasets on
Apassenger dataseto. The first is the exclus
giving rides to passengers. Thi s atubutesver dat
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from actual trips including date, time of the dasigin and destination (D) locations,

travel times, travel distances, passenger cost, and driver earnings. The second dataset is the
information gathered by surveying passengers duringtheiag | r i des (i . e. fipa
dataseto). Since | would be surveying passen
this researchn thespringof 2016, | submitted a research proposal toGhrado Multiple

Institutional Review Board (COMIRB), odihing IRB approval to interview passengers

(COMIRB Protocol 160773, Exception APP0G3).

Driving for Lyft/Uber and Driver Dataset
| conducted my data collection using a sedan vehi@@l5 Honda Civi¢ and a
smartphoné iPhone 5$ to drive as an ingeendenicontract for both Lyft and Uber (Figure
IV.) . The main apps in the smartphanmver used f o
Partner o, AGoogl eMaps 0]l) GoagteMdpsvaypd MyTracksk s 6 ( Fi ¢
helpedme totrack and record ridesoung travel data. Passengers completed the online
survey using their own smartphone or via a tablet device, Samsung Galaxy Tab A, that |

provided.
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E Edit profile

f.:j y

ALEJANDRO HONDA CIVIC
Gray Honda Civic | 597QFz

Help
" Wayhbill
Alejandro
S0 Documents
A From Cali - Valle del Cauca, Colombia
JJd  Favorite music is Salsa Settings

’_ Soccer fanatic, transportation
researcher...let's talk about it!

Figure IV .1. Lyft and Uber Driver Profiles

Lyft Uber Partner Google Maps myTracks
Qe ee

Figure IV .1l . Smartphone Apps

| used the data collection form presented in Figurdll¥ help guide the travel
attributes data col | ect iThe ndegouraing drigesdath or t he
includes ifiormation for each ride such as date and time of the day, weatheuppard
drop-off locations, driver earnings, and times and distances broken down by
Awai ting/ crui srionugt ef otro ap arsisdeenog, e riite,n Awai ting
ri dencteen W was done with driving for the day,
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and dstance, as shown in Figure IV.IAdditionally, | collected information aboyiarking;

including Acruising to par ko tatdaginagon d

cost t

Chapter VI includes a more detail description of each segment for the driving travel times

and distances.

For the origin and destination locations, | collected the closeststests, rather

than the address, to maintain confidentialty As menti oned previously,

Mapso and fAimyTrackso GPS apps to track

to doublecheck the data recorded.

From Request to
Waiting/Cruising Pick-up (en-route Waiting for From Pick-up to
for a ride to passenger) Passenger Drop-off (WP ride)

ocATo sence (5 a Assencer
OR NEXT RIDE % REQUEST % LOCATION ﬁ PASSENGER PASSENGER
_____________________________________ , DRIVER % END
I
! DRIVING FOR LYFT/UBER ! LOG-OUT LOCATION

From last Drop-off
to End location

| DRIVER DATA COLLECTION

Driver Initials: ~ Date: Time: Odometer: LOG-IN - Location:

BREAKS - Mins: Miles: Last ride to LOG-OUT time & dist: ~~ mins(__ mi)
END - Time: Odometer: Location: Log-out to End time & dist: ~~ mins(__ mi)
Ride # (shift): Ride Request from: olyft olyftline oUberX ocUberPool # Passengers:

Weather: oClear oFoggy ©Rainy oSunny oSnowy oWindy oOther: Temperature:

Driver Location at Request:

Time at Request: Waiting/Cruising for a ride time: ___ mins Cruising for a ride distance: mi (from last)

Pick-up Location: oSU-L oSU-M oSU-H | oU-L oU-ML oU-M oU-MH oU-H oSpecial

Lyft/Uber est. time:  mins GoogleMaps: ~~ mins(__ mi) Arrival Time: Req to Arrtime:  mins
MyTracks distance: _ mi Time Ride Starts: Driver Waiting: __ mins

Destin. Location: oSU-L oSU-M oSU-H | oU-L gU-ML oU-M oU-MH oU-H oSpecial

Lyft/Uber est. time: ___ mins GoogleMaps: _ mins(___ mi) Time when Ride Ends: Ride Time: __ mins
MyTracks distance: ~ mi Lyft/Uberreport: ~ mins(_ mi)

PARKING - Location: P. Cost: § Cruising time & dist: ___ mins (___ mi)

Prime: Fare shown on App: $ To Driver: $ +tip: S Walk to dest time & dist: ____ mins(____ mi)

Did person take survey? oYes oT oNo Where did passenger sit? oFront oBack oChatty cQuiet oMale oFemale

Figure IV .11l . Driver Data Collection Form
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Driving Strategy and Passenger Survey

On a typical driving day, | turned on both Lyft and Uber apps and waited until a
passenger requested a ride. To be conservative, | generally minimized unnecessary driving;
thus, | accepted most of the requests unless there were problems with the agic&rupe
location was more than 15 miles away from the driver location (again, this is to minimize
driving without a passenger). Once the ride was accepted, | turned off the driving mode for
the other service. For example, if it was a Lyft request, the tliibeer mode was turneaff;
or vice versa. Then, | traveled to the pigk passenger location and waited until the
passenger got into the car to travel to the desired destination.

I, as adriver, invited passengers to participate in a short survey afs@sgourcing
both verbally and with signs in the car (Figurel\¥). . The car sign reads:
grad student doing research on transportation. Would you help me by doing a short survey

(~6 minutes) about this ride? You can use my tablet oo gjuig linkwww.ride-survey.com

T h a n k Ay theusigroindicatepassengers had the option to take the survey on a tablet
provided by me, the driver, or use thein device by going to a piefined website.n

some cases,conducted a verbal interview with the passenger that covered all the questions
included in the survey. | waited until the ride was over to take notes and record the interview.
Once the ride ended at the destination location, | turned athbeapp and waited for a

new passenger request. Once the passenger got out of the car, | tried to find the closest
parking space available with the intent to record parking data, and again, to minimize
cruising distance without a passenger in the cavirg for both Lyft and Uber helped

minimize the waiting times and cruising distance. For example, there were occasions where

new requests came in even before | finished parkidgl all of the data collection by myself
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http://www.ride-survey.com/

to eliminate bias between drivets controltravel without a passenger (iceeadheading

minimization), to reducesurveyor errorsand to ensure data quality.

rmy Tablet (just akmelore |\
ey.com \

Thankyou!!

Figure IV .IV. Car Sign for Passenger Survey

The passenger survey includibdee group of questions:

Specific Trip Questions (Qil Q10): The first section asks passengers questions

regarding the specific Lyft/Uber ride and includes questions such as trip purpose, travel mode
replacement, and reasons to shift from a previous mode

General Use Questions (QL1)25): The second part of the survey covers broader

guestions about travel behavior in general such as modality resources (e.g. car ownership,
transit pass, etc.), general ridesourcing use, frequency of use for different tregss

behavior changes, and more general trip purposes and reasons.
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Demographic Questions (Q28)37): The third section of the survey includes

guestions regarding characteristics of the individual and household (i.eesociomic
demographics).

All survey questions are included in Appendix A. Chapter V, about data, as well as
Chapters VII, VIII, and I1X include a more detailed description of the survey questions in this

dissertation.

Study Area

While Lyft and Uber originated in what they considerediaregulated space,
Colorado was the first state in the U.S. to legislatively authorize Lyft and Uber services to
operate with a bill signed by Governor John Hickenlooper in June @Qbhg, 2014. This
helpedmake Denver and the surrounding cities an innovative and welcoming location for
these evolving transportation services. The Denver metropolitan region comprises a variety
of places, covering both urban and suburban areas. For example, it contains aery urb
places like Union Station in downtown Denver, as well asdewsity areas such as those
surrounding the Denver International Airport (DIA), located about 24 miles-eadhof
Union Station. This metropolitan area also includes a college town likel&aand suburban
cities like Westminster or Broomfield in between Denver and Boulder. This diversity of
characteristics (e.g. density, race diversity, income levels) makes the Denver region an ideal
place to study ridesourcing.

Another positive factor ithe research design was the randomness of the passenger
destinations. As the driver, | did not knovihere each ride would end up; shudrove all

over the study area and visited many of the places previously described. The only location
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that | had contrioover is wherd turned on the app at the beginning of the shift. Thus, |

varied my starting location.

26



CHAPTER V

DATA

Since | signedup forLyft and Uberin 20157 including the rides in exploratory
analysisi | gave aound 500 rides, transporting over 650 passengers. This dissertation
includes416r i des f or the fAdriver dataseto and 311
collected over a period of 14 weeks mostly duringféie2016.The flowchartin Figure VI

showshed at aset s6 descr i p typesohintdrconndctteddptasgtaui de t he

RIDESOURCING DATA

DRIVER DATASET PASSENGER DATASET

Travel Attributes: Survey Questions:

* Travel Times * Specific Trip (Q1-Q10)
* Travel Distances * General Use (Q11-Q25)
* Earnings * Demographics (Q26-Q37)

Figure V.l. Ridesourcing Data

Driver Dataset
The distribution of the 416 rides for the different services was:
1 198 regulatLyft rides
1 164 UberX rides
1 39 LyftLine rides
1 15 UberPool rides
For this dissertation, | drove a total of 4,950.7 miles, spent a total of 15,529 minutes

(or 258 hours and 49 minutes) working as a driver, and earned a total of $4,062.08, including
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tips. Moredetais on thesummary statistics for travel times, travel distances, and earnings

can befound in Chapter VI (Table V1 & Table VI-IV).

Passenger Dataset
As stated before, the passenger dataset from 311 surveys include three types of
guestions. | analyd responses to specific trip questions and general ridesourcing usage in
Chapters VII through IX. To give the reader an idea of the origin and destinatidh (O

combinations, | createthe GD matrix shown in Table \. Of all O-D combinations, the

threemost common were from AHomeo to AWor ko, fi
from AGoi ng fHoomaéd./ Sorciigailnda Itloy, t here were many
iTWrite ino but with further anal ysisith | disa
commonoriginand est i nati on. They are AHotel/ Airbnbc

Table V-I. Origin - Destination (O-D) Matrix

DESTINATION Home Work School | Shopping/| Going Out/ | Airport Hotel/ Family/ Other Totals

ORIGIN Emands Social Airbnb Friend

Home 2 - 16 7 - 18 0 4 12 129
Work 21 8 1 1 1 2 6 0 1 41
School 5 0 0 3 0 0 2 0 10
Shopping/Errands 11 1 0 3 0 0 0 0 16
Going Ow/Social  [GONN 1 0 3 10 0 3 3 1 51
Airport 3 0 0 0 0 2 0 0 5
Hotel/Airbnb 0 2 0 0 4 0 0 4 17
Family/Friend 10 1 0 0 1 3 1 2 19
Other 8 3 0 2 1 3 1 3 23
Totals 90 52 17 19 56 26 17 11 23 311

Table A1l provides description statistics from all 311 passengers surveyed.
Comparing the summary statistics to the Denver population, the sample seems very

representative of the population. Previous studies have shown that the ridesourcing
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population (and carshag) does not usually replicthearea they represent withgher
incomes, low miority representation, and youngesers(Murphy, 2016 Rayle et al., 2016
The authors from these research papers suggest that these services mostly serve certain
populations but | believe is mostly duethe location of the intercept surveys. My research
has the advantage of being random by design since | did not kngwatles e nger s 6
destinatiorlocation. Thusallowing this study to cover a larger araad include populations
that are usually not repreded in this type of studies. The sample has a very close split of
malefemale populationPassengers weneostly younger adults but compared to other
studies) hadhigher participation fronpersons of ages 36 64, and 65 years old people
While two thrds of the samplstated being ofvhite race | obtairedrepresentation from
different races and ethnicitids. contrast to previous studies, income is better distributed

between different ranges, andt very far fronthe Denver population.
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Table V-1l . Demographics of Ridesourcing Passengers

Ridesourcing Denver Ridesourcing Denver
Population® Population®
Responses (%) (%) Responses (%) (%)
Gender Marital Status
Female 145 46.9% 50.0% | Single or never married 185 62.7% 41.7%
Male 162 52.4% 50.0% | Married or in a family relationship 80 27.1% 39.2%
Prefer not to answer 2 0.6% Separated, divorced, or widow 28  9.5% 19.1%
n 309 Other 2 0.7%
n 295
Residency
Local Resident 254 82.2% -- | Household siz&
Visitor 55 17.8% -11 65 22.3% -
n 309 2 129 44.2% -
3 56 19.2% -
Age 4 30 10.3% --
18-24 78  25.2% 10.0% | 5+ 12 4.1% -
25-34 132 42.7% 21.8% | n 292
35-44 56 18.1% 15.4%
45-54 30 9.7% 11.7% | Children in household
55-64 7 2.3% 10.5% | Yes 47  20.5% 25.1%
65+ 6 1.9% 10.7% | No 182  79.5% 74.9%
n 309 n 229
Race/Etchnicity Education
Asian 24 7.8% 3.5% | Less than High School 9 3.0% 13.9%
Black/African American 16  52% 9.4% | Graduated high school or equiv. 49 16.5% 17.7%
Hispanic or Latino 39 12.7% 30.9% | Some college, no degree 58 19.5% 18.3%
White 206 66.9% 53.1% | Associate or Bachelor's degree 124  41.8% 32.5%
Other 16 52% 3.1% | Advanced degree (Master's, PhD) 57 19.2% 17.6%
Prefer not to answer 7 2.3% n 297
n 308
Employment Status
Household Incomé Working (Full-time or Part-Time) 246 81.7% 70.9%
$30K or less 34 11.5% 28.3% | Volunteer 1 0.3% -
$31K - $45K 56 18.9% 14.0% | Unemployed 15 5.0% 6.3%
$46K - $60K 58 19.6% 11.1% | Retired 8 27% -
$61K - $75K 30 10.1% 10.0% | N/A 31 10.3% -
$76 - $100K 40 13.5% 11.9% | n 301
Over $100K 50 16.9% 24.9%
Prefer not to answer 28 9.5% -- | Student Status
n 296 Student (Ful-time or Part-time) 70 23.3% 34.2%
Not currently a student 230 76.7% 65.8%
n 300

#2011-2015 ACS 5-Year Estimates, Denver County

P Age 1st Range is 15 - 24 for ACS

¢ Income Range for ACS slighly different
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CHAPTER VI

DRIVER PERSPECTIVE: TRAVEL TIMES, DISTANCES, AND EARNINGS

This chapter focuses on three very important aspects of ridesourcing from the driver
perspective: travel times, distances, and earnings. For this study, | used the driver dataset
including 416 rides from Lyft, UberX, LyftLine, and UberPool. When drivingLfgit and
Uber, travel times were measured in minutes and travel distances in miles starting with the
|l engt h f riiomd fAtagp piriodge request/ acceptanceo, f
pickupo, waiting for passengipiufpkdi memn fafrdir.yo)pl h e n
| engt h furpoom tfep fiffcdkr ovg | | beapaedzeanmedr asWR)wi rtihd
rest of the study. These four measurements were recorded for each new ride, and at the end
of theshift,l engt hs -6f b appfogaudtad and/ or Aend destina
measured. This involves the commute at the end of the shift. Note that during the period that
data was gathered, Uber and Lyft introduced an option to set a destination filter. This option
allows the driver to set destination filtering the ride requests that go along the same route.

| estimated ridesourcing efficiency rates based on WP rides versus total times and
distances. Based on the distance efficiency, | also calculated total VMT per 100 with
passenger mitetraveled (WPMT), which helps to determine the additional VMT or
deadheading experienced in our transportation system due to ridesourcing. Total ridesourcing
travel time and distances also allow me to calculate the gross earnings perdhoeir izaile
Finally, | estimatd ridesourcing driving expenses and net earnings per hour and per mile.

This study starts to fill a gap in the literature by studying the effects of ridesourcing
on transportation from the driver perspective. My aim is to help citiesegnhal

transportation organizations better account for the impact of technology and evolving
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transportation services such as Lyft and Uber in their transportation planning and engineering
processes and have a clearer picture of the actual gross eaemipgysses, and net earnings

for ridesourcing drivers. In this chapteros
current ridesourcing services in termsrmagreasingfficiency to reduce VMT, due to

deadheading and wasted time, and provide lnigamings for ridesourcing drivers.

Chapter Related Literature

While most of the studies mentioned on ChaptefMilirphy, 2016 Rayle et al.,

2016 focus mainly on the ridesourcing passengers, there are only a few articles that focus on
the driver side.

Ridesourcing has been mainly compared with taxis. There has been a lot of resistance
and controversy with the introductiof ridesourcing since they disrupted the industry,
competing and taking awagany customerom taxis. Both services are similar in the fact
that drivers transport passengers for a fee, but there are many differences including
technology innovation, lalvaonarket differences, and government regulations. In terms of
driving and time efficiency of ridesourcing and taxi servi€gsmer and Krueger (2016)
compared the capacity utilization rate of UberX drivers against taxi drivers in a few U.S.
cities. Using the aggregated data across all drivers available for both cities, the findings show
that the percent of work hours with a passenger ranges from 32 494%% for taxis, and
46.1% to 54.3% for UberX. The mileapased capacity utilization measure (i.e. percent of
miles driven with a passengérpm the same studyas calculated at 39.1% to 40.7% for
taxis, and 55.2% to 64.2% for BkX. The mainlimitab n of Cr amer and Kr ue:
was the exclusion of mileage and times drivers have to travel from the pointaitlegy the

end location (i.e. commute home), which overestimates their capacity utilization rate.
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The media has put a lot of attentiortie income for Lyft and Uber drivers. A Wall
Street Journal article in 2013 stated that a typical Uber driver takes in more than $100,000 a
year in gross salgdacMillan, 2013. After thisincome estimation was questioned, Uber
reduced this income characterization and more recently advertise that its drivers earn up to
$35 an hour (same as Lyft advertisement). Based on data from October 2014, a study
commissioned by Uber found that UberXwenis were grossing around $17.40 an hour for 20
market cities as a who(élall & Krueger, 201% They alsaeported taxi drivers and
chauffeurs wages of around $12.90 an hour based on the Occupational Employment Statistics
survey. The main di f-padners, wioare independerd dontréctors,r 6 s d
are not reimbursed for driving expenses, intcast to taxi drivers, who are usually
employees. TheWwr hourly wage cal culstadywasbasedint he Hal
2014, when rates were higher than in 2015 or 2016, and did not include the time drivers have
to travel from the point of logut o the end locatiorsame as previously described foe
article byCramer and Krueger (2016)

A recent online article published by BuzzFeed News baseelated internal data
from Uber reported that Uber drivers earn $12.70 an hour in Detroit, $14.18 an hour in
Houston, and $16.89 an hour in Denver before expd@Bsnovan & SingeNine, 2016.
The article also estimates drivero6s expenses
poor since it underestimates the depreciation cost by using a $16,0@0uearoverestimates
the lifetime expectancy of an average automobile to 250,000 miles, and uses a low gas cost
of $1.75 per gallon. Isialso not clear about the insurance, maintenance, and miscellaneous
costs associated with driving. It is important tdenagain that these calculations also do not

include the commute time and distance for drivers (from the point afubtp the end
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location). By not including this additional time and expenses, the reported earnings per hour
could be severely overestitad.

This study is the first research that independently analyzes data from the driver
perspective using both Lyft and Uber trips, including all the additional travel distances,
additional times, and actual gross, expenses, and net earnings per hourraiel ipeurred

by Lyft/Uber drivers.

Chapter Data and Analysis
| used a total of 416 ridés108 rides prdRB and 308 with IRB approvéil for this
study. For each ride, the information of interest includes: the service the ride was requested
from (Lyft, LyftLine, UberX, or UberPool), travel times, travel distances, and earnings
including tips. The data analysis process began by calculagriy¢aklown of travel times
and travel distances for each ride (Figurd ¥l Figure VLII):
1 ti=time a driver hato wait until a new ride request
1 d.= travel distance cruising for a ride (if the driver decides to park and wait until
a new request, this distance is zero or close to zero)
T o= travel time from Aride r-emueGit/accempt
route to passenger) or estimated time of arrival (ETA)
f do= travel distance from fri deprdeqduest./ a
enroute to passenger)
1 ts=waiting for passenger time once at pigklocation
1 ts=travel time from passengBrp i-ucpkd0 t eo fifdbr,opr WP t i me

T dz= travel di stancepd rtoemfipddrsec@ng®P MiAdpi ck
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Mileage and Times
O Cruising/Waiting for a ride (A-B)
C En-Route to passenger (B-C)

» Waiting for Passenger (C)
O With-passenger (WP ride) (C-D)

®
g
:
]
5
{72108 0peloje)

Zestist ﬁcvannel

e OpenStrectMap qor;ti'ibﬂtbrs, CC-BY-SA

Figure VI.11 . GPS Tracking of a Lyft/Uber Ride

In addition to the previous travel times and distances, drivers have to travel to their
end locations and commute home once they-@fbfhe lastpassenger and are finished with
the shift. The commute at end is also illustrated in Figure V1.l and includes:
T ts= travel tiomdé of t eonuitag pwlpwsy travel ti me
outo to driver fAend | ocationbo
T da= travel di sdffadoncteo fdradpnp fddorgesp t ravel di s

Aappoudtog to driver fend | ocationbo

Travel Distances and Times

The ridesourcing driving time and distance per shift are calculated by the following

equations:
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Q Q Q 0 Q

For this study, the total ridesourcing driving time is:

And the total ridesourcing driving distance is:
Q Q Q Q Q Q
In terms of VMT and WPMT, the total ridesourcing driving distacene be expressed
as follows:
w0 Y Q Q wLD"Y Q
wOY ®O00"Y Q Q Q

OOY 0 0"Y 0 QQQ0 Q EYD &

Ridesourcing Efficiency Rate

To determine the time efficiency rate, | compared the sum of WP tithés against

total times 0
vy g, re 3 ¥, I3 3 B\ VR Ve .B“O il I
YQAaYXQQ Qi € d)l(lﬂ@m'@%e—mm

And the sum of WPMT travel distancd$'Q against total travel distance® for
the mileage efficiency rate:

o v e ae B Q. 0 DY
0 Qad QBWOQ aﬂnmu'@gé—mwm
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Based on the total VMT equatiodxd Y @0 0 Y 6 Q' QQ6 @ Frded
additional percent of WPMT is:

0 QQQO Qd EYHG®D Y
®»O 0 "Y ®»O 0 "Y

Y

Finally, | calculated the totalriving miles for everyl00 miles transporting

passengers (100 WPMT), as follows:

p mIwd Y

Y€ o QarQ®p mwP MT ——
(X20 wLuoLyY

Ridesourcing Earnings

| calculated driver gross earnings peuhand per mile using totakrnings divided
by the corresponding traveine or travel distance. For example, the gross earnings for all
416 rides was calculated by adding all driver earnings and divided by total time and total

mileage, as per the following equations:

e oA BOl QDI ¢ Q&’zs(afmc"nr]
O £ 0wi ¢ Qéé)l S

o]
BOiI QO ¢ Qaefﬁnfﬂn

Ol £0®I ¢ Q'%agba Q 5

| also calculated three different scenarios to account for the baingd of expenses
drivers might incur. The expense rate and calculations are explained in more detail on the
results section. After discounting expenses, | estimated the net earnings per hour for all rides,

for Lyft-only rides, for Ubeonly rides, includig before and after tips.
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Chapter Results

Using the median travel times and distances summary statistics (Tabl&&h the
dataset, a representative day for a ridesourcing driver woudd tie following description
The Lyft/Uber driver logn both @ps; he/she tries to minimize the cruising distance (0.2
miles) but has to wait 7.5 minutes (mins) until he/she gets a request. Once the driver accepts
the request, he/she spends approximately 5.0 minutes traveling 1.0 miles to the passenger
pick-up locaton. Then, the driver has to wait 1.0 minutes for the passenger to board the car
and start the actual ride. The median time and distance of the actual WP ride is 11.5 mins and
3.6 miles, traveling at an average speed of 28.8 miles per hour (based o6t
minutes and 2929.9 miles). After the passenger is-dfipphe driver starts the process again
waiting for a new ride request but minimizing unnecessary driving. When the driver is done
for the day, he/she travels to the desired end locatiomneding around 12.0 miles in 20.0
minutes (based on median values of 65 commuting trips or shifts). When the sum of all
commuting times and distances are equally distributed to all rides, the median total driving
time per ride is 32.8 minutes (average 6f33mins) and the median total driving distance per
ride is 8.3 miles (average of 11.9 miles).

Following this dataset summary statistics, | divided the chapter results section into
two subsections covering ridagcing efficiency rates (time and distance) and earnings

(gross and net earnings after ex)s
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Ridesourcing Efficiency Rate

Thetime efficiency rate of a ridesourcing driver based on the time a passenger is in
the car and total time from driver log to log-out (not accounting for the commute at the
end of the shift) is 41.3%, meaning that I, as a driver, during my shift houmsrspee time
without a passenger than with one in the car. For example, if in a shift, | was working for five
hours, | only spent just over two hours with passengers in the car, due to all the time spent
waiting for a ride, going to pickip the passengeand waiting for the passengers once | was
at the pickup locations. When accounting for commuting time at end of shift, the time
efficiency rate drops to 39.3% of total time) (Table VHII). Based on distance, the
ridesourcing mileage efficiency ratevithout and with commute at efids 65.4% and
59.2%, respectively. The total ridesourcing driving mileage per every 100 WPMT is 169.0.
In other words, Lyft and Uber drivers travel an additional 69.0 miles in deadheading for

every 100 miles they are witlagsengers.

Table VI-II'. Time and Distance Efficiency

WP Ride Total minus Efficie r.1cy: Totals derall Additional VMT per
(Sdh & Sty) Commute  WP/(Total minus (tr & do) Efficiency Percent of 100-WPMT
3 4 atEnd Commute at End T (WP/Total) WPMT
Time 61060 14,767.0 41.3% 155290  39.3%
(minutes)
Dist
(rr'lsil;r;ce 20200 44829 65.4% 49507  59.2%  69.0% 169.0
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Ridesourcing Earnings

The rates that passengers pay for Lyft and Uber fluctuates, but traditionally, they have
been lowered over time. Tipercent that Lyft and Uber pay their drivers has also lowered
over time going from paying 80% initially (20% commission to Lyft/Uber) to 75% nowadays
(25% comnission to Lyft/Uber). Table VIl presents the Lyft/Uber fares and commission
rates apptable b this study. Table VIV shows the total amount paid by passengers, driver
earnings, and the actual Lyft and Uber commission, before and after tips. Earnings include
prime and guarantee bonus per hour but does not include initialgiganuses. All

moneary values are in 2016 U.S. dollars.

Table VI-III . Lyft/Uber Fares and Driver Commission
Passenger Cost*
Mimimum : Lyft/Uber
Lyft/Uper Base Co.st per CosF per Bl To Driver* Commision*
Service Minute Mile
Fare Passenger
Fee Fare Fare
(Fee + Fare
UberX $1.95 $0.75 $0.13 $1.00  $6.95 | +100%Tips| +20% Fare

* Rates as of Fall 2016 in U.S. dollars. Rates varied and have been lowered ¢
** 20% Commision when first signed-up in 2014. Newer drivers pay a higher commision (25% or i
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Table VI-IV. Passenger Cost, Driver Earnings, and Actual Commission

Passenger Cost

To Driver

To Lyft/Uber

Total Cost per

Total Paid WP Mile

(before tip)

Total Eamed
(with tips)

Total Eamed
(before tips)

Actual Actual
Commision Comission

(before tip) (before tip) (after tip)
L
(n:;ﬁ37) $2,934.58 $1.87 $2,059.25 $276.00 $2,335.25 29.8% 27.3%
Uber 0 0
(n=179) $2,505.62 $1.84 $1,687.83 $39.00 $1,726.83 32.6% 32.1%
All Trips 0 0
(n=416) $5,440.20 $1.86 $3,747.08 $315.00 $4,062.08 31.1% 29.4%

* Earnings include prime and guarantee bonus per hour but does not include initial sign-up bonus.

** Earnings in Year 2016 U.S. dollars

Gross Earnigs

The dataset shows that if only the time and distance drivers spent with a passenger

(WP) is taken int@account,Lyft/Uber drivers would be making around $40 per hour or $1.39

per mile. However, there is more to account for within the omMexak shift. After including

all times and travel distances, gross earnings turn out to be $15.69uper 0.82 per mile

(Table VIV).
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Table VI-V. Gross Earnings

Gross Eamings Gross Eamings

Gross Eamings basedin Total based in Totals

based on WP

minus Commute (tr & dy)
$/hr $39.92 $16.50 $15.69
$/mie $1.39 $0.91 $0.82

n=416. Earnings include tips (Year 2016 U.S. dollars)

Disaggregating by ridesourgy company, | foundifferences betweenhér and Lyft
earnings (Table V1), with tips playing an important role in the differences. The small
amount of Uber tips was from a few passengers giving tips in cash since Uber does not

facilitate tipping on it@pp.

Table VI-VI. Gross Earningsi Lyft compared to Uber

Gross Eamings Gross Eamings| Gross Eamings Gross Eamings
(before tip) (with tip) (before tip) (with tip)
($/hr) ($/hr) ($/mile) ($/mile)

Lyft
(n=237) $14.38 $16.31 $0.77 $0.87
Uber
(n=179) $14.60 $14.93 $0.75 $0.76
Al Trips
(n=416) $14.48 $15.69 $0.76 $0.82

* Earnings based in Totals; (& dy)
** Earnings in Year 2016 U.S. dollars

44



Expenses

There many variables and rates that go into calculating personal car expenses such as
ownership costs (e.g. depreciation, finance chatgesse, insurance, registration & taxes)
and operating costs (e.g. gas, maintenance, miscellaneous upkeep such as car washes and
cleaning, mobile device and data fees, parking and traffic violations, and the risk of crash or
injury). The expenses alsejgend on the value of yoaar,driving mileage, and whether or
not you own a car already and/or have already paid for some of these expenses. To account
for the broad range of possibilities, | characterize three diffexxpense scenarios (Table
VI-VII.) covering all types of drivers, from occasionally parte drivers to fulitime
drivers. In the basic added cost, | assume a range of driving houfdbdirs/week and
around 11,000 miles per year. The next scenario included most of the drivers-with 16
49hrs/week and around 33,000 miles per year, and the last scenario is based on the U.S.
Federal Standard Mileage Rate.

The first cost scenario assumes that a driver already owns a car and has paid off basic
ownership expenditureRidesourcing drivers apposed to upgrade their car insurance to
be properly insuréwith ridesourcing but a few drivers probably do, risking that an insurance
company would not pay a claim if @aggon was driving for Lyft/Ubefor this first scenario,
| assumed most ownershipsti such as insurandeas a sunk cost that drivers pay
regardless of whether a person drives for a ridesourcing company or not; in other words, it is
not considered an additional experiBeis scenario also includes conservative values for
depreciatio, maintenance, and other miscellaneous expenbesost expense for this

scenarids $0.28 per mile.
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Thenext scenario represents the majority of ridesourcing drivers (51% of drivers)
based on Uber data publishedHygll and Krueger (20155incedrivers inthis scenario
experiencédnigher timing and mileage, | included ceassociated with owng a car and
increasd the other values according to the mileage per year. | used assumptions based on
AAA rates(AAA, 2015) and other sources but still trend toward the conservative end of the
expense spectrum. In this scenario, expeegaal t0$0.40 pemile.

In the third scenatrio, | used the 2016 U.S. standard mileage rate determined by the
federal government of 54.0 centg pale. Theaverage mileage rate based on the previous
three scenarios calculated a$0.41 per mile. The corresponded costhmair is based on

the average of 19.1 mph from Table NI

Table VI-VII . Ridesourcing Expenses

Basic Added Cost Most Drivers U.S. Federal Average
Item 1-15hriweek, 16-49hriwveek, Standard Mileage Mileage
~11k miles/year ~33K miles/year  Rate (2016) Rate
Ownership
Depreciation $1,320.00 $3,960.00
Finance Charge - $500.00
License, Registration & Tax - $350.00
Insurance - $1,500.00
Operating
Gas $1,015.38 $3,046.15
Maintenance $589.60 $1,768.80
Miscellaneous $150.00 $2,000.00
Total $3,074.98 $13,124.95
$/mile $0.28 $0.40 0.54* $0.41
$/hr $5.34 $7.60 $10.31 $7.75

Assumptions: Car value: $18,000; Lifetime mileage: 150,000; Work: 50 weeks/year; Gas price: $2.40/g:
(Average in 2015); Gas efficiency: 26 MPG; Maintenance: 5.36 cents/mile; Miscellaneous include car w
cleaning, mobile device & data fees, parking & traffic violations, risk of crash or injury

* 2016 U.S. Federal Standard Mieage Rate
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Net Earnings
Ridesourcing drivers are probably excited to think they are making $40 per hour, or
even $16/hbut would be disappointed to learn that, after accounting for expenses, the
average hourly rate, including tips, is $7.94 (not even minimum wage in Colasadbpwn
in Table VIVIII. This net earning wageould beeven lower because of the higher
commis$on rate of 80% versus 75% of newer drivérand relatively conservative expense
estimates
The net earning rate per mileage is between $0.28 and $0.54, with an average of
$0.41; meaning driversod gross earnombargi§ are c
a driver work fulttime (40 hours a week, 50 weeks a year) driving over 40,000 miles a year,

the annual net income would be around $16,000. These métens are all préax earnings.

Table VI-VIII . Net Earnings (Gross Earnings minus Expenses)

Net Eamings

Range (Lowto High) Average
$/hr $5.38 - $10.36 $7.94

$/mile $0.28 - $0.54 $0.41
n=416. Earnings include tips (Year 2016 U.S. dolk

When disaggregating by ridesourcing comparny iacluding tips, the Ubamet
earning rate is $7.18 per hour, and Lyft is $8.56Table VFIX). Tips makes a significant
difference on living wages for Lyftrivers with around $1.93/hr and accounting for a 29.1%

increase of net earnings, while is only $0.33/hr (4.9%) for Uber.
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Table VI-IX. Net Earningsi Lyft compared to Uber

Net Eamings Net Eamings s
(before tip) (with tip) Percent
($/hr) ($/hr)

Lyft

: : 29.1%
(n=237) $6.63 $8.56 9.1%
Uber

: 7.1 4.9%
(n=179) $6.85 $7.18 9%
Al Trips o
(n=416) $6.73 $7.94 18.1%

* Earnings based in Totals; (& dy)
** Earnings in Year 2016 U.S. dollars

Chapter Conclusions

The time efficiency rate without taking into account commuting at the end of the shift
is 41.3%. This time efficiency rate is lower than the capacity utilization rate-D4%6in a
previous studyCramer & Krueger, 2006 Accounting for the commute at the end, the
overall time efficiency rate drops to 39.3%, meaning that drivers spentimereithout a
passenger than with one in their car. The main implication forehidtis the reduction on
earnings per time ($/hour) since ridesourcingeats have to sperime waiting for a
passenger request, traveling to a pigkdestination, waiitg for the passenger oncetlae
pick-up location, and commutirigne at the end of the shift

The efficiency rate in terms ®WPMT versus total mileage without including
commutedistance is 65.4%. The mileageiefncy rate for this study isigher tharthe
61.0% utilization rate calculated IBramer and Krueger (2018)attribute this difference to
the research desigwhich minimized thecruising for a ride requeddjd not accepting rides

when the dstance to piclup a passenger was too loagdusedconservative commute
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distances at end of shifts. When including all distances, the mileage efficiency rate drops to
59.2%, but | believe the real mileage efficiency rate is even lower. Even with this
conservative calculation, drivers have to travel 69 extra miles in deadheading for every 100
miles originally from WPMT.

There has been a lot of uncertainty regarding hawwhmmoney a Lyft/Uber driver
makes. What is widely knows the difference between whzdsenger paynd what
Lyft/Uber drivess arepaid. The Lyft/Uber fare per mile is around $1, but when we take into
account all fees and divided by the WP time, passsrgg/around $1.86 per mile (Table
VI-3 & Table VI4). When | became a Lyft and Uber driver, | sighgdwith a commission
rate of 8020 (80% of fare for driver and 20% for Lyft/UBewhich is used for this study
(newer drivers get even lower rates ao/6f fares). When the booking fee is taking into
account, the commission rate before tips for all rides is 31.1%. When tips are taking into
account and separated by company, the Uber commission is higher (32.1%) than the Lyft
commission (27.3%), suggestititat drivers earn better driving for Lyft.

This is the first study to incorporate commute times and distances into earning
calculations, but even without accounting for the commute time of the driver to or from their
home, the gross earnings drops to thas $16.50/hour. This is a conservatingh number
since the commission rate received was at the-&igh | was driving for both Lyft and Uber
minimizing waiting for a ride times, and | minimized unnecessary driving whenever possible.
As a comparisora recent Buzzfeed article reported that an Uber driver in Denver makes
$16.89/hou(O'Donovan & SingeWine, 201§, but they overestimatetlis hourly earning

with some of the assumptions used in calculating driver expenses.
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Using all the data from the 416 rides and including all times and distances, the gross
earnings for this study equals to $15.69/hour, which might seems like a goodratejriyut
many drivers do not realize the expenses incurred by driving. The expenses varied from our
conservative calculations using very basic added cost of $0.28 per mile to the standard 2016
mileage rate of $0.54 per mile, so in reality ridesourciigeds make between $5.38 and
$10.36 per hour, with an average of $7.94/hr before taxes.

Uber net earnings before tips ($6.85/hr) is slightly higher that Lyft earnings ($6.63/hr)
but completely change when tips are taken into account. Net earnings witiclijed are
$8.56/hr for Lyft versus $7.18/hr for Uber. Lyft tips in net earnings equals to a 29.1%
increase and plays a critical component in the ridesourcing driving economy. Uber could
easily add a tipping option in their app to allow passengers addnetheir credit card bill if
they wish. This choice would help increase d
implement this option.

Uber and Lyft depend on the driveartners labor market. They incentivize new
drivers with bonuses andferrals, but their retention rate is not very good. Accordirggtd
and Krueger (2015B%6 of Uber driverpartners stay active after one month, 70% after six
months, and around 50% after a year. One of the reasons for this may be the realization of
driving expenses and costs incurred by driving. For example, a taxi driver who makes
$12/hour mght think that they can make a lot more driving for Uber ($40/hr or $16/hr).
However, they may soon realize that, after accounting for expenses, it is not nearly as
profitable as expected and are actually not even making minimum wage at about less than

$8hour.

50



Based on the results from this study, | have several recommendations to create more

efficiency by reducing the amount of time and distances ridesourcing drivers have to travel

and earrwages that are more dece@ities authorizing ridesourcingrséces and ompanies

such as Lyft and Uber should:

=

Suggest drivers to minimize the amount of miles they drive without a passenger
Balance the driver network better by directoggtaindrivers to their closest

prime rate zones instead of generaliamthout specific guidance

Balance the supply of drivers better, especially when passenger demand is not
high. This would minimize VMT from drivers circulating around.

Allow drivers to create ride zones so they do not end up far away from their
desired locaon. Also, expand the destination filter option so rides can be
matched along certain routes or destinations and not just at the end of the shift
(during the study period, Lyft and Uber started an option for drivers to put a
destination filter but the ojin has not been very effective). Lyft and Uber have
stated that they want to reduce the inefficiency of empty seats as one of their
desired goals so ridesourcing could function like a carpooling app where all
drivers set their destination and find passFa@long the way.

Not match drivers when the passengers-pighocation is far from the driver
location orcompensate driverfsr these scenariod, as a driver, haveeen

requests from locations more than 30 minutes or 20 miles away).
Concerningearnirgs, Lyft and Uber could always pay their independent
contractors better byyaying drivers on the service fee (which goes 100% to

Lyft/Uber), increasing passenger feeg;reasing the driver commission fee,
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providing better incentives, or covering someha €xpenses. Thus far, these
companies seem to be moving in the other direction by increasing the Lyft/Uber
cut from 20% to 25% or higher, lowering passenger rates (mileage and time), and
increasing theervicefee (which is not shared with the driverspdy also has not
shown any desire to allow an option to tip in their app, which is the number one
request from drivers.
The main limitation to this study is the trip sample size and diversification of drivers.
Drivers might have different work strategmsch as searching for prime areas, have a
desired location in mind, cruising unlimitedly until they get a ride request, or limiting driving
without a passenger as much as possible by parking right after a passenger is dropped off. |
minimized the distanceaveled without a passenger for the results to be conservative. The
study is also limited to the Denver metropolitan area so the Lyft/Uber costs and earnings are
based on this area.
This is the first independent study to use Lyft and Uber @athusively to drivers.
The results provide insight into the impacts of ridesourcing into travel times, travel distances,
and the labor economy of Lyft/Uber independent contractors. This research starts to fill a gap
in the academic literature by identiifig, measuring, and disentangling thepants of
ridesourcing overy important aspects of transportatiorhdpe this study helps cities and
regional organizations better account for the impacts of ridesourcing on travel time and
mileage efficiency, as vileas inform the ridesourcing labor market on the complicated issues

of earnings and expenses.
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CHAPTER VII

VMT IMPACTS

Most of my life | have lived in two cities: Cali in Colombia and Denver in the U.S.
These cities differ quite dramatically in their economies, deapdgcs, employment, culture,
etc. Regarding transportation, they are also very different in terms of land use, transportation
services offered, mode share, car ownership, work force, etc. For example, the mode share of
private vehicles in Cali is 10¥&€ali Como Vamos, 20)%ersus around 79% in Denver
(U.S. Census Bureau, 2015

Growing up in Colombia, | lived eompletelydifferent transportation experience
than my current one. My parents owned one car to be shared by the five members of my
family. My travel behavior was truly multimodal; | would take public transportation, carpool,
walk, or bike. Occasionally, | would tala taxi to get around the city. Thinking back, one of
the things thainfluencedme the most was the large amount of taxis and #fiectin
congestion. Still nowadays, Cali experiences many impacts from taxis circulating around
(Figure VILI) and gettng in line outside the airport, hospitals, malls, bus terminals, and other
public places (Figure VIIL). Thetaxi impact experienced is very clear since in Cali taxis are
yellow and represent 7% of total mode sh@ali Como Vamos, 203)5This suggests a 0.7
(around 7 to 10) relationship when taxi mode simm®mpared to private vehicles mode
share. The estimate of mode share for taxis in Denver (combined with motorcycle or other
norttraditional means) is only 1%J.S. Census Bureau, 201%epresenting a 0.01 (around 1

to 79) ratio of taxi versus private vehicles.
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Figure VII .I. Taxis in Cali, Colombia (Source: ElIPais.com.co)
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Figure VII .1l . Taxi Tracks in Cali, Colombia (Source: ElPais.com.co)
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This experience is relevant to ridesourcing since very little is kradent the
contribution that Lyft and Uber provides to the efficiency and impacts of our transportation
systems. Whengople use private vehiclés operate for Lyft and Uber, we might not realize
the impacts in city streets since most only carry a baisiglg logo sticker.

Cities, regions, and transportation organizations usually set up goals to reduce
congestion, environmental impacts, and equity issues. A general term usedsiogh
strategies to aim for more efficiemse of transportation resourdsslransportation Demand
Management (TDM). Some of these goals are in terms of measuring and tracking mode
share, passenger miles traveled (PMT), and VMT.

In an effort to contribute to the conversation, this study chapter aims to analyze the
mode shareaplacement occurring with ridesourcing, measure the efficiency ratio of
PMT/VMT and VMT/PMT, compare VMT before and after ridesourcing, and estimate the

extra VMT generated in the U.S. from Lyft and Uber.

Chapter Related Literature

Transportation organizains across the globe are trying to solve transportation
problems by setting strategic goals to reduce SOV or increase the mode share of sustainable
modes of transportation including transit, walking, and biking. A few reports and studies
have shown thatittes have successfully met some of these goals through a variety of
strategies, including TDM efforissuch as congestion fees, tollways, high occupancy
vehicle (HOV) lanes to carpool/increase vehicle occupancy, parking management, transit
passe$ as wdl as infrastructure investments and policy char(@aslick, 2015h Henao et

al., 2015 Kaffashi et al., 2016Steele, 201D
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The problem with ridesourcing is that when organizations are trying to set up goals in
regards to mode shift and priozitag certain modes, they do not know the real impacts and
efficiency of services like Uber and Lyft. Shall organizations support ridesourcing and
encourage its services to a higher use? What modes are they replacing? What is the
PMT/VMT or PMT/VMT ratios ompared to other modes? How would the transportation
system benefit if ridesourcingasreplacing modes that are more efficient? For example, we
know that it will never be better than biking, walking, or transit since VMT for theses modes
is zero or closéo zero, but how does it compare to the SOV PMT/VMT ratio of 1.0, or taxis
being around 0.4(Cramer & Krueger, 2016

The few studieshat look into mode share changes and VMT impacts analyze the data
at the aggregate level and do not make a distinction about the magnitude and directional
shifts occurring within all modes. This study chapter aims to start filling this gap in the
literature by looking in more detail the mode replacement, as well as PMT and VMT
changes, and find out the place where ridesourcing stands in terms of efficiency compared to

other modes of transportation.

Chapter Data and Analysis
For this research, | used thigarmation containing both the information collected by
driving and the corresponding passenger survey information, for a total of 311 passenger
surveys during 308 rides. The information gathered by driving is the same as the data
collected in chapter Vixcept the focus on this chapter is on distance and does not include
times nor earnings. | also include information on the number of passenger for each ride. The

guestion of interest from the passenger sury
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travd ed i f Lyft/ Uber wa dlln dhe suavay resgoinse aptiosdothe Fi g u r
multiple choice question were:

T Woul dnodt have travel ed

1 Drive Alone

1 Carpool (drive)

1 Carpool (ride)

1 Public transportation

i Bike or Walk

1 Taxi

1 Other

After reviewd ngesphensies h | created three
categories for Aget a rided and fAcar rental o
during the Uber ride or AUber o during the Ly
the questiortarefully, or they use Lyft/Uber as their main mode of transportation and did not
think of other replacement mode. For these p

category.
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Figure VII .lIll . Mode Replacement (Q5)

If the passenger response to question Q5 was carpool, the survey was designed to ask
the number of people that the passenger would have carpooled with, with the intent to make a
fair comparison (Q6). For this study, | also included the tipresn whether or not the
passenger was using Lyft/Uber for the entire length of the trip (origin to final destination), or
he/sheavas making a connection to another mode of transportation (Q9), and which mode of
transportation (Q10). Finally, | includekle survey question about car ownership/access
(Q19).

In summary, the information of interest for each ride includes:

1 Date of ride

1 Time at request

1 The service the ride was requested from: Lyft, LyftLine, UberX, or UberPool
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