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Abstract

The focus of this thesis lies on understanding how heterogeneity in carshaing (CS) and members
at different stages of its adoption in society shape its impacts on Greenhouse Gas (GHG)
emissions and car ownership. Past studies have two shortcomings: they do not acknowledge the
bias that could arise due to the keen interest of early adopters, and they did not tease out the role

of service type in observing outcomes of interest.

The serial studies in this thesis found the potential of CS to reduce GHGs and vehicle
dependency. However, this does not mean that CS promises to always provide these benefits to
everyone. The positive effects found among early adopters do not guarantee that the same effects
would be realized among coming adopters especially because early adopters of CS are atypical
of the general public in many individual and household characteristics. This is the one of the two
primary findings from this thesis: the dynamics of CS service diffusion. As the adoption stage

matures, the usage and roles of CS would be changing hence the effects.

The second primary finding is the importance of heterogeneity between CS services. Two
distinct CS services were found to have different impacts in vehicle ownership change,
suggesting that the heterogeneities among CS services affect how the services are utilized; hence
what kind of effects the CS services bring to society. Policy makers often generalize various CS
services as CS; however, the heterogeneities will need a more careful attention and specifically
tailored policies in order to ensure CS impacts continue to align with sound urban transport

policy.

These dynamic changes will affect how CS services should be maintained. Managing shared
properties has been a challenging issue, and this may become even more difficult with more

diverse users and CS service models.

Active knowledge sharing and collaborations among stakeholders (policy makers, CS providers,

and scholars) may be a kay factor to bring further benefits to all. As CS carries the word of
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“sharing”, if these stakeholders could build a better collaborative “sharing” environment, a large

part of the potential of CS may be feasible.
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Chapter 1: Introduction

1.1. Brief Summary of This Thesis

Carsharing (CS), a form of short-term car rental service is on the rise. From 2006 to 2014,
membership grew from 0.3 million to 5 million and the fleet serving them grew from 11,000 to
over 100,000 (Shaheen & Cohen, 2016). This rise is expected to continue (Le Vine & Polak,
2015; PricewaterhouseCoopers, 2015) partially thanks to integration of technological innovations,
such as Global Positioning Systems (GPS), smart phones and online payment technologies
(Transportation Research Board, 2016). The rise is also supported by shifts in lifestyle choices,
and partially due to the global economic downturn since 2008 making vehicle ownership less
affordable (ller, Weikl, Miiller, & Bogenberger, 2015; Transportation Research Board, 2016;
Zipcar, 2014). Various stakeholders have embraced CS services. City residents have chosen CS
as a convenient mobility option (see for example, (Zhou & Kockelman, 2011)), automotive
industries consider CS services as a chance to expand their businesses (Firnkorn & Miiller,
2011a), and local governments see it as a measure to solve environmental and transportation

related issues (see Section 1.2.3 for details).

The literature has treated CS as a homogenous service and treated its early adopters as
representative of the general population. My thesis explores four, hitherto neglected,
heterogeneities in CS: differences between household trip and mode choice patterns, differences
between CS services in car-shedding patterns, differences between household CS membership
patterns, and differences between member behaviours. These studies provide a stronger

foundation for projecting the future role of CS, its social and environmental impacts.

Findings from these serial studies led to two principal findings: 1) the dynamics of the CS
diffusion process and 2) the importance of heterogeneities among CS services. As the rapid rise
in membership suggests, CS is no longer at the early adopter stage. As adoption of CS continues
to early and late majority, its utilization patterns and impacts will continue to evolve. Looking
further ahead, the transportation sector will be undergoing a dramatic transformation with the

introduction of autonomous vehicles. CS provides a window on the many factors that will shape



their adoption and use. Understanding existing heterogeneities in the adoption and usage of CS
services provides critical input for both developing appropriate policies and evolving these

policies over time to manage the personal transportation systems of the future.

1.2. The Rise of Carsharing

1.2.1. Brief History of Carsharing

CS started as a way to provide affordable access to a car (Shaheen, Sperling, & Wagner, 1999).
The first service of this kind originated in Switzerland in the late 1940s (Le Vine, Lee-Gosselin,
Sivakumar, & Polak, 2014a; Shaheen et al., 1999). After this launch, this type of services was
rarely reported in any literature until 1970s when some public CS experiments were undertaken
and later terminated in Europe (Osborn, 2011). More successful CS experiments started in the
late 1980s in multiple European countries; there were approximately 200 CS organizations in
450 cities providing services for 125,000 members (Shaheen et al., 1999). The services
eventually expanded to other continents, such as North America and Asia in the late 1990s and
2000s (K. M. N. Habib, Morency, Islam, & Grasset, 2012; Shaheen et al., 1999). Since the
launch of the very first successful CS program in North America in 1994 in Quebec, Canada,

North American membership in CS has grown rapidly (Figure 1.1 and Figure 1.2).

The role of Information Communication Technologies (ICTs) in this phenomenon is described
by Le Vine, Zolfaghari and Polak as well as others (Le Vine, Zolfaghari, & Polak, 2014b;
Transportation Research Board, 2016). ICTs lowered CS transaction costs, such as finding,
booking, billing and paying for a vehicle (Geradin, 2015; Henten & Windekilde, 2016;
Transportation Research Board, 2016). Transaction costs are often classified into three types:
search and information costs, bargaining costs, and policing and enforcement costs (Dahlman,
1979). For ICT-based CS platforms, search and information costs, or in other words costs for
finding the availability of cars and their pricing systems, are significantly lower than CS
platforms that don’t use ICTs (Henten & Windekilde, 2016). All CS members need to do in a
modern CS platform is to open an app on a smartphone, whereas users in a conventional

platform need to talk to CS staff to confirm find and reserve the use of a vehicle. Other high cost



transactions such as negotiating prices, and policing and enforcement costs, were also cut by a
significant amount thanks to ICT-based platforms. These lowered transaction costs have made

modern CS services more convenient, flexible, and affordable.
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Figure 1.1: Annual growth rate in and total CS membership in North America' (Source (Shaheen
& Cohen, 2012; 2013b; 2014; University of California Berkeley Transportation Sustainability
Research Center, 2015a) )

" The growth of total CS membership in North America showed a negative growth between 2014 and 2015. This
decline was highly likely caused by a membership shrink in the U.S. after the closure of two one-way CS services
(University of California Berkeley Transportation Sustainability Research Center, 2015a) in California. Both of the
closures were results of disagreement between CS providers and local governments, instead of unpopularity of the

services. This issue is discussed in detail in the next section.
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Figure 1.2: Growth of CS fleet in North America’ (source (Shaheen & Cohen, 2012; 2013b;
2014; University of California Berkeley Transportation Sustainability Research Center, 2015a) )

The original CS service style is a round-trip model (Shaheen et al., 1999). The term “round-trip
service” here means that members would need to return vehicles to their original starting location.
About 30 years after the start of round-trip CS services, one-way CS services (aka, point-to-point
CS services) were started in Europe (Shaheen, Chan, & Micheaux, 2015). Unlike round-trip
services, one-way CS users do not have to return a vehicle to the original location where they
picked up the car; they can select a station to return a vehicle (Station-based one-way CS
services). Many attempts were made to provide these one-way CS services since then; however,
most of the projects were terminated after the experiment phrase with limited success (Shaheen,
Chan, & Micheaux, 2015). In 2008, the capabilities of ICT led to the launch of a new model of
service: free-floating one-way CS services. This type of CS service allows users to drop-off
vehicles anywhere within a service area as long as they follow local parking regulations. The
idea of free-floating CS services has been around for a while, and there were many early trials in

different locations (Le Vine, Lee-Gosselin, Sivakumar, & Polak, 2014a; Shaheen, Chan, &

? The decline in CS fleet between 2014 and 2015 corresponds to the decline in membership seen in the same period

of time. See footnote 1.



Micheaux, 2015). However, none were practical until the first commercial one-way CS services
(Car2go by Daimler AG) started in 2008 in Ulm, Germany by Daimler AG (Le Vine, Lee-
Gosselin, Sivakumar, & Polak, 2014a; Shaheen, Chan, & Micheaux, 2015). The success of
Car2go was due to multiple factors; however, integration of the smartphone user interface and
backend asset management software seems to be crucial to realizing that success. Since the
establishment of Car2go, many other one-way CS services have been launched and are
accelerating the appeal and adoption of CS (e.g., DriveNow/ReachNow by BMW AG). In 2014,
23% of CS fleets were providing one-way services (including both station-based and free-
floating one-way CS services), accounting for 18% of the global memberships (Shaheen &

Cohen, 2016).

1.2.2. CS, a Type of Car Rental Services

CS is a type of car rental services. Some advocates of CS and Sharing Economy claim that CS as
a part of the Sharing Economy services, which are more pro-social and collaborative style of
consumption (Botsman & Rogers, 2011). However, the history of similar activities suggests that
this type of car rental services may be branded as “carsharing” due to marketing strategies.
Durgee (1995) points out that in the 1990s, the word “borrowing” was preferred over the word
“renting”, because of “the negative connotation that renting has in certain population segments”
(Durgee & Colarelli O'Connor, 1995)(p.91). The same trend could be assumed for the use of the
term “sharing” in today’s CS services. Originally, the word “sharing” had been used to describe
altruistic, pro-social and non-monetary-based giving of goods (Belk, 2010). Belk (2010) also
points out that conventional sharing activities are usually seen among family or closed
communities, associated with shared responsibilities and ownership. Early CS services may be
started as a community-based and more altruistic service. However, modern CS services do not
seem to provide conventional sharing services. Current CS services are a type of commercial
goods exchange involving a reciprocity mechanism, in particular a monetary return for the usage
of these goods, and are rarely associated with shared responsibilities or ownership (Bardhi &

Eckhardt, 2012).

Though CS is a type of car rental service in a broader sense, CS still has several unique

characteristics:



e Membership requirement: In order to use the service, users must first be a member of the
CS service organization.

¢ Online payment requirement: Payments are done via credit card or other online payment
systems.

e Self-service basis: Fewer interactions between CS users and CS organizations or CS car
owners are required. For example, no human interaction would be needed to pick-up or
drop-off cars.

e Payment per minutes/hours: Users are charged by shorter time units, such as minutes or
hours instead of longer terms such as days or weeks. Sometimes additional costs are

charged by kilometres.
All CS services discussed in this thesis satisfy the characteristics listed above.

1.2.3. Carsharing and Local Governments

Support from local governments is crucial to the success of CS services®. In order to realize a
convenient and stable service, a collaboration between CS providers and local governments must
be established (Le Vine, Lee-Gosselin, Sivakumar, & Polak, 2014a; Terrien, Maniak, Chen, &
Shaheen, 2016). In particular, whether a CS service is able to have privileged access to street
parking spaces is a critical factor in its long-term success (Loose, 2010; Millard-Ball, Murray,
Schure, Fox, & Burkhardt, 2005), especially for free-floating style CS services. Table 1.1 is a list
of incidents related to CS organizations between 2011 and 2016. Two points need to be clarified
about the table. Firstly, the list shows reported events, and there are likely unreported cases, such
as CS providers and local governments started negotiations but did not reach a point to start any
actions. Secondly, the list does not include termination/cutting back of services by
merger/absorption of CS providers (e.g. the absorption of PhillyCarShare by Enterprise in 2011
and the purchase of Zipcar by Avis Budget Group in 2013). According to Table 1.1, all of the
listed events are related to one-way CS, suggesting the recent growth of the service and the early
diffusion stage that one-way CS is placed. In addition, several failures (rows shaded in grey in

Table 1.1) stem from insufficient or unsuccessful collaborations between local governments and

There are some CS services which are successful without any direct supports from government (i.e. Autolib in
Paris); however these are rare cases and indirect support from local government is highly likely exist.



the CS organization. Two out of three of these operator-regulator discords were in negotiations
over parking permits. One case ended in the termination of CS services, and the other case ended
in non-adherence to the regulations — this CS company started its service without a proper
coordination of efforts with its associated regulating agency. Users may end up being ticketed by
a regulator even after following the CS company rules, but the fine would be covered by the

company.



Table 1.1: Major CS service delay or terminations between 2011 and 2016. The shaded rows
were due to insufficient or unsuccessful collaborations between CS organizations and local
governments)

Country

City

Company

Year

Outcome

Reason behind of the incident

Source

France

Lyon

Car2go

2012

Postpone
service
launch

The launch of car2go service in Lyon
was suspended because of name
conflict with Car’ Go.

(Autoblog,
2012)

UK

London/Bir
mingham

Car2go

2014

Service
termination

According to the car2go website, the
reason of service termination is:
“We’ve listened closely to customer
feedback and taking the UK’s strong
culture and tradition of private vehicle
ownership into account, we have
decided to withdraw from the UK
market place”.

(Wissenbac
h & Taylor,
2014)

Us

San
Francisco

BMW
DriveNow

2015

Service
termination

900 parking spaces for carsharing
vehicles in San Francisco were not
available for one-way carsharing
services. DriveNow’s negotiate with the
city was not successful and the service
was terminated in November 2015 after
3 years of operation.

(Korosec,
2016)

Us

South Bay,
Los Angels

Car2go

2015

Service
termination

The service area was too small to make
the car2go service sustainable. Car2go
negotiated with the city to expand the
service area; however, the negotiation
was unsuccessful. Car2go decided to
terminate the service while continue to
negotiate with municipalities to re-
launch its service with a larger service
area.

(Dryden,
2015)

Canada

Toronto

Car2go

2016

Parking rule
against city
decision

Car2go has negotiated with the city to
park car2go vehicles at residential
parking areas. After the city rejected the
car2go’s requests multiple times,
car2go gave up on negotiating with the
city and started to allow its members to
use residential parking without an
agreement with the city.

(Cross,
2016)

us

Miami

Car2go

2016

Service
termination

Car2go mentions that Florida’s rental-
car tax makes its business in Miami not
sustainable. Cat2go negotiated with the
state to Car2go is interested in returning
to the city if the tax rule is changed.

(Smiley,
2016)

Denmar
k

Copenhagen

Car2go

2016

Service
termination

The number of registered members did
not reach the critical mass to sustain the
service.

(W, 2016)

Though some cities are less supportive of CS services, others have established collaborative

relationships and actively engaged in expansion of CS services in various neighbourhoods. In

these cities, CS is seen part of the solution to critical challenges, such as the reduction of



greenhouse gases (GHGs), reducing vehicle dependency, reducing parking shortages, and
optimizing their urban space utilization (Millard-Ball et al., 2005). For example, Metro
Vancouver, a regional government serving the needs of 24 local municipalities in the Vancouver
region of British Columbia, Canada, states that CS is a method to reduce vehicle ownership and
environmental impacts in the region (Metro Vancouver, 2013). There are a number of major
counties and cities holding similar policies to support CS services to provide an affordable and
more sustainable mobility option: including Chicago (Chicago Metropolitan Agency for
Planning, 2010), Montreal (Société de Transports de Montréal, 2013), New York (New York
City Department of Transportation, 2009), Seattle (Seattle Department of Transportation, 2015),
and Washington D.C. (District Department of Transportation, Policy, Planning & Sustainability
Administration & Administration, 2014). These local governments’ expectations towards CS
have been supported by findings from a number of existing studies as explained later; however,
these studies have a number of limitations due to their design. Therefore, whether these observed
effects would persist as the service systems evolve and diffuse is open to debate. This issue of
whether the positive effects of CS reported so far are independent of the evolutionary stages of

CS services so far, is explored in detail later in this chapter.

1.3. Problem Statement

As described in the previous section, multiple attempts have made to evaluate the effects of CS,
and findings from these studies support the positive effects of CS that local governments expect.
Current policies are formulated based on the understanding that CS can help reduce vehicle
ownership (Cervero, Golub, & Nee, 2007; Engel-Yan & Passmore, 2013; Loose, 2010; Martin,
Shaheen, & Lidicker, 2010; Meijkamp, 1998; Stasko, Buck, & Gao, 2013), vehicle kilometers
travelled (VKT) (Cervero et al., 2007; Martin & Shaheen, 2011a; Meijkamp, 1998), and GHG
emissions (Loose, 2010; Martin & Shaheen, 2011a; Shaheen & Cohen, 2013a). The shared
consensus is that though only a certain amount of CS users actually reduce their vehicle
dependency via CS and others do not change or even increase vehicle dependency, the net effect
of CS is positive (Firnkorn & Shaheen, 2015; Meijkamp, 1998; Meijkamp & Theunissen, 1996;
Steer Davies Gleave, 2014).



However, one issue here is the bias that currently exists in CS users — almost all existing studies
have focused on early adopters of CS services. For example, researchers at the University of
California Berkeley’s Transportation Sustainability Center have published notable and influential
works related to the positive effects of CS on societies. According to their studies, CS has helped
in cutting GHGs by 0.58 — 0.84 t GHG per year per household in net (Martin & Shaheen, 2011a)
and by reducing vehicle ownership from 0.47 to 0.24 vehicles per household (Martin et al., 2010).
Similar findings have reported by multiple scholars (Cervero & Tsai, 2004; Engel-Yan &
Passmore, 2013; Loose, 2010; Meijkamp, 1998; Millard-Ball et al., 2005; Steer Davies Gleave,
2014; 2015a; 2015b; 2015c¢). All of these studies are based on surveying existing CS users.
Considering the fact that only 12 % of residents have tried CS in San Francisco, where there is a
hub of CS studies (Corey, Canapary & Galanis Research, 2016), existing CS users are innovators
or early adopters, according to Rogers’ diffusion of innovation theory (E. M. Rogers, 2003). The
diffusion of innovation theory explains the diffusion process of novel ideas and technologies, and
points out the differences in characteristics, demographics, preferences, and usage in each
adoption group, namely innovators, early adopters, early majorities, late majorities and laggards
(E. M. Rogers, 2003). Assuming that this diffusion theory is applicable to CS services (Firnkorn,
2012), and considering the fact that the membership of CS services is expected to grow for the
future (Le Vine & Polak, 2015; PricewaterhouseCoopers, 2015), CS will soon reach or may have
already reached the stage of attracting people from the early and late majorities. Therefore, it is
highly likely that projecting the effects of CS in the future based on the effects observed among
innovators and early adopters is misleading. Moreover, relying on the polices and regulations
made in the early stage of CS diffusion may not be the best strategy to maximize the positive

effects of CS.

The second issue in existing studies is the lack of coverage of target CS service models. Table
1.2 summaries the variety of CS services and service models. This variety is often neglected in
academic research or policymaking. For example, in terms of service styles, there are 2 major
classes of conventional services: round-trip and one-way services. Within one-way services,
there are two styles of service: a free-floating style where members can drop-off a CS car almost
anywhere within the service area, and a station-based style where members must return a CS car

to one of many designated parking locations. In terms of business models, there are for-profit

10



models, co-op models, and not-for-profit models. Fleet characteristics are different among CS
services too; some offer a variety of vehicle types from compact cars to pick-up trucks, while
others offer only one type of car. However, while there are a variety of different CS service
styles, almost all CS related studies have not paid sufficient attention to these heterogeneities to
consider their impacts. For example, most CS related studies reporting the social and
environmental benefits of CS are based on data from conventional round-trip CS models (Table
1.3), while a new yet rapidly growing one-way CS model was left out of the analyses. In 2014,
23% of CS fleets were providing one-way CS services, and accounted for 18% of global CS
memberships (Shaheen & Cohen, 2016). While there is no study that has theoretically analyzed
the differences between the two CS models, empirical studies show that the usage and user
demographics of the two services are quite different (Martin & Shaheen, 2016; Wielinski,
Trépanier, & Morency, 2015). Leading scholars in the CS field have alerted a shortage of
research considering these perspectives (Le Vine & Polak, 2015; Le Vine, Zolfaghari, & Polak,
2014b). Discussing the effects of CS without properly considering its variation can result in
over- and/or under-estimation of effects that CS has already brought, and effects that CS could

bring in the future.

Considering these knowledge gaps in existing studies, the focus of this thesis lies on exploring
how CS has been used practically in societies so far, and its potential in the future. My thesis
consists of four independent and yet interrelated studies: studies of CS’s environmental impacts,
CS’s effect on vehicle ownership reduction, the future diffusion potential of CS, and
management of CS vehicles. All of these studies were done within the scope of considering these
weaknesses in existing studies, specifically for not considering bias incurred from the adoption

stages nor the variety of different CS service styles.
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Table 1.2: Types of CS services (All CS services active in the cities listed on Table 1.4 except PitCarz. PitCarz’s website did not list

sufficient information to be included in this table)

City Enter- Turo .
Category Sub-category Explanation Car2 Car Comm prise Evo Geta-  Ma- Modo  (Relay Reach  Zip-
g0 -uauto round  ven . Now car
Share carshare Rides)
Service style Round-trip Ugeys need to‘ return a CS car to the X X X % X X % X
original location.
One-way Free- Users may drop off CS cars anywhere
floating within service areas as long as they X X X X
follow local parking rules.
Station- Users may drop off a CS car at a
based designated parking spot different X X*1
from the original location.
Business Not-for-profit The fundamental goal of the X X
model organization is not earning money.
Coop Members of the coop collectively X
own and manage cars.
For-profit  Businessto  CS companies own cars and provide X X X X X X
consumer members the access to the cars
Peerto Peer  CS companies provide a platform where
X X
owners and users are matched.
Organization Independent Independent of other companies X X X X X
structure Subsidiary Under a parent company x* X*’ X*° X+’ X8 X+
Fleet type Various Various cars are offered X X X X X X X
Single Only a few types of cars are offered. X X X X
EV Mainly electric vehicles are offered. X3 X
Reference (Modo
“ca (Evo the
r2go (Com Car Car (Zip
UsS, (Carm  muaut Shar (Getar (Ma Co- (Reac  car,
” a, o, (CarSha e, ound, ven,  op, (Turo, hNow, n.d.)
nd) nd) n.d.) re,nd.) nd) nd) nd) nd) n.d.) n.d.)

*1: Zipcar provides one-way services in

some of their service areas

*2: Car2go mainly provides free-floating services, but in some cities they provide station-based services.
*3: Car2go mainly offer gasoline vehicles, but in some cities they offer electric vehicles

*4: Daimler, Auto manufacturer

*5: Enterprise, Car rental company

*6: BCAA, Auto insurance organization
*7: General Motors, Auto manufacturer
*8: BMW, Auto manufacturer

*9: Avis Budget, Car rental company
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Table 1.3: List of major CS studies reporting various effects of CS

Data Reported effects of CS
Study area collection Target CS Vehicle GHG Distance | Mode of Reference
year ownership | emission | traveled | transport
. L (Prettenthaler & Steininger,
Austria 1994 Round-trip Yes 19992)
Leiden (Netherland) 1994 Round-trip Yes Yes (Meijkamp & Theunissen, 1996)
1996- . (Klincevicius, Morency, &
Montreal (Canada) 2008 Round-trip Yes Trépanier, 2014)
Netherland c. 1997 Round-trip Yes Yes Yes (Meijkamp, 1998)
San Francisco (USA) 2001 Round-trip Yes Yes Yes (Cervero, 2003)
(Government of Canada, New
Vancouver (Canada) 2001 Round-trip Yes Yes Economy Development Group,
2005)
San Francisco (USA) 2002 Round-trip Yes Yes Yes (Cervero & Tsai, 2004)
Philadelphia (USA) 2003 Round-trip Yes Yes Yes (Lane, 2005)
Portland (USA) c. 2003 Round-trip Yes Yes (Katzev, 2003)
North America 2004 Round-trip Yes Yes (Millard-Ball et al., 2005)
San Francisco (USA) 2005 Round-trip Yes Yes Yes (Cervero et al., 2007)
Worldwide 20060’08’1 Round-trip Yes (Shaheen & Cohen, 2013a)
L (Yano, Takayama, Nakao, &
Japan 2007 Round-trip Yes Yes Fujii, 2011)
Montreal (Canada) 2008 Round-trip Yes Yes (Sioui, More2n g ilé )& Trépanier,
North America 2008 Round-trip Yes Yes (Martin & Shaheen, 2011a)
North America 2008 Round-trip Yes (Martin et al., 2010)
North America 2008 Round-trip Yes (Martin & Shaheen, 2011c¢)
North America 2008 Round-trip Yes (Martin & Shaheen, 2011b)
Toronto (Canada) 2008-10 Round-trip Yes (Costain, Azr(()i {31)1, & Habib,
Europe c. 2009 : Probably Round-trip Yes Yes Yes Yes (Loose, 2010)
Toronto (Canada) 2009 Round-trip Yes (Engel-Yan & Passmore, 2013)
Ulm (Germany) 2009 One-way (stated Yes (Firnkorn & Miller, 2011b)
preference)
. ) L (J. ter Schure, Napolitan, &
San Francisco (USA) | 2009-10 Round-trip Yes Yes Hutchinson, 2012)
Austin (USA) c. 2010 Round-trip Yes Yes (Zhou & Kockelman, 2011)
Ithaca (USA) 2011 Round-trip Yes Yes (Stasko et al., 2013)
Korea 2011-12 Round-trip Yes Yes (J. B. Lee, Bylg(l),llzc)ae, & Do,
L (Transportation Ecology and
Japan 2012 Round-trip Yes Yes Yes Mobility Foundation, 2013)
Berlin (Germany) 2012-13 One-way Yes (S. Wagner, Bzrgrlljt), & Neumann,
. One-way & Round-
Berlin (Germany) 2013 trip (EV only) Yes (Kawgan-Kagan, 2014)
England & Wales One-way & Round- .
(UK) 2013-14 trip (no distinction) Yes Yes Yes Yes (Steer Davies Gleave, 2014)
Montreal (Canada) | 2013-14 O“e'waﬁ; Round- Yes Yes (Wielinski et al., 2015)
Japan 2014 Round-trip Yes (careco car sharing club, 2014)
Englalztliﬂic)Wales 2014-15 Round-trip Yes Yes Yes Yes (Steer Davies Gleave, 2015a)
London (UK) 2014-15 Round-trip Yes Yes Yes Yes (Steer Davies Gleave, 2015b)
Scotland (UK) 2014-15 Round-trip Yes Yes Yes Yes (Steer Davies Gleave, 2015c¢)
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1.4. Vancouver: the CS Model City

The majority of the data used for this thesis was collected in the Vancouver region of British
Columbia, Canada. There are two main reasons why Vancouver was chosen as a study area: its

long history of being involved in CS and its high CS adoption levels.

The CS history in Vancouver started in 1996 when Cooperative Auto Network (CAN, which
later changed its name to Modo) was founded in the region (Government of Canada, New
Economy Development Group, 2006). CAN was the very first successful CS coop in an English
speaking country, and is the second oldest CS service in North America (Government of Canada,
New Economy Development Group, 2006). Along with the launch of the service, the city
modified regulations to allow CS services to operate in its neighborhoods. One of the regulation
arrangements was the introduction of a by-law reducing the parking requirements for buildings
that introduced CS services (Government of Canada, New Economy Development Group, 2006).
With this by-law, developers are incentivized to substitute multiple parking spaces in a building
with a significantly smaller number of spaces designated for CS vehicles. The introduction of
this kind of legislation was the very first in the world (Government of Canada, New Economy

Development Group, 2006).

Vancouver is not only known for having a long history of CS, but also for its high adoption level
of CS. Table 1.4 shows the list of major cities in Canada and the U.S. along with basic statistics
and CS data. Vancouver has not only the second highest number of CS cars (2,373 vehicles
following 3,757 in New York) but also the highest number of CS cars per 10,000 people (39.3
and the second highest is 22.9 in Washington D.C.). In addition, the Transportation Panel Survey
done by City of Vancouver in 2015 revealed that 26% of survey participants were CS members
(Ch2m Hill, 2016). This number has steadily increased since the first panel survey took place in
2013 (13%), which increased again in 2014 (20%)(Ch2m Hill, 2015).

To summarize, Vancouver is one of the most advanced CS cities in the world, and can serve as a
model for its implementation. Its matured CS environment allows for understanding the
dynamics that exist in CS service diffusion. In this thesis, I treat Vancouver as a pioneer of CS
and I believe that findings from this thesis are generalizable to other cities, since most are

following the adoption path that Vancouver has been through already.
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Table 1.4: List of major cities in Canada and U.S. with CS related data. **

Populatio ~ Vehicle

Populatio Land n Densit, er Numbe  CS cars per
Country City p Area Y P cs rof CS 10000
n (km2) (people/k  househo cars cople
m2) 1d peop
New Car2go, Zipcar,
Us York 8,175,133 784 10,430 0.6 T8 it (Carlrss 3,757 44
US Los 3,792,621 1,214 3,124 1.6 Zipcar,PitCarz 357 0.9
Angeles

Zipcar, Enterprise
US Chicago 2,695,598 588 4,582 1.1 Carshare, 807 3.0
Getaround, Maven

Car2go, Zipcar,

Canada  Toronto 2,615,060 630 4,150 1.1 . 1,356 52
Enterprise Carshare
Canada  Montréal 1,649,519 365 4518 1.0 (LI, 1,867 11.3
Commuauto
US Philadelp 5, ¢ 106 347 4,394 1.0 Zipear, Enterprise 724 4.6
hia Carshare
US SanJose 945,942 457 2,069 2.0 Zipcar 31 0.3
Zipcar, Enterprise
San Carshare,
US Fromais  805.235 121 6,633 1.1 Getaround. City 1,222 14.3
CarShare
US Balt;m‘)r 620,961 239 2,598 1.1 Zipcar 234 3.8
Us Boston 617,594 232 2,661 0.9 Zipear, Enterprise 923 14.1
Carshare, Maven
US Seattle 608,660 217 2,802 1.4 (i), ZLIms 1,391 20.8
Enterprise Carshare
Canada VW 663502 115 5,248 12 Car2go, Zipcar, 2,373 39.3
er Modo, Evo
. Car2go, Zipcar,
US Washingt ) 753 177 3,400 09  Enterprise Carshare, 1,506 229
on
Getaround, Maven
US Milwauk 594,833 249 2,391 1.3 Zipcar 35 0.6

* The selection criteria of the cities listed on Table 1.4 are: 1) over 0.5 millions of city population and 2) over 2,000
people per square km of city population density. Note: All data except data for Vancouver and Montreal are from
(Shared-Use Mobility Center, n.d.), data for car2go fleet size for Montreal and Vancouver are from (car2go, 2016a;
2016b; 2016c¢), data for Montreal carsharing companies are from (Lalonde, 2016), data for Vancouver carsharing
companies are from (McLaughlin & Green, 2016) and (Commisso, 2016), data for Vancouver vehicle ownership are
from (Metro Vancouver, 2012a; 2015), data for Montreal vehicle ownership are from (La Mobilite des personnes
dans la region de Montreal, 2015).

> The list is limited to cities in Canada and US. because 1) directly comparing numbers among cities in different
continent could be misleading (transportation systems in cities in Europe, Asia and North America are significantly

different) and 2) studies summarized in this thesis were done in North America.

15



€e

1.5. Thesis Structure

The four independent studies that were previously mentioned will be introduced in the following
chapters, and each of these studies helps to understand the reasoning behind the two primary
findings of this study: 1) the dynamics of the CS diffusion process and 2) the importance of

considering the heterogeneities among CS services.

The first chapter is this chapter, offering background information about CS and the goals of this

thesis.

Chapter 2 confirms the environmental effects of CS. Though there are some studies reporting the
environmental effects of CS already, this study takes a further step to understand the factors
affecting the reduction of GHGs. This study confirms that even if future adopters do not reduce
VKT, a significant amount of GHGs could be cut by driving CS vehicles instead of private

vehicles.

Chapter 3 talks about the vehicle ownership reduction yielded by CS services. This study reveals
the heterogeneities existing among CS services. Two services analyzed in the study, Car2go and
Modo, are regulated under the same set of laws; however, the two services have different effects
on vehicle ownership reduction. These findings suggest that different CS services exist and that

each CS model has different effects on societies.

Chapter 4 talks about the diffusion of CS services. By analyzing responses from both CS users
and non-CS users living in same buildings, the future diffusion potential of CS and the effective
strategies needed to motivate CS participation are confirmed. Moreover, the statistical analysis in
this section reveals that early adopters are neither representative of the general public nor do they

share demographics or living environments with upcoming adopters.

Chapter 5 explores a way to better manage shared properties. Existing studies and pilot studies
confirm that the majority of CS users are not responsible when taking care of CS vehicles.
Although an ideal sharing service includes sharing of ownership (Belk, 2010; Botsman &
Rogers, 2011), this rarely happens in CS (Bardhi & Eckhardt, 2012; Schaefers, Wittkowski,
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Benoit nee Moeller, & Ferraro, 2015). With the constant growth in CS membership, and with its
huge adoption potential suggested in Chapter 4, managing shared property would be even more
difficult. This chapter takes a hint from behavioural economics and explores the possibility to

motivate CS users to be more responsible in order to reduce upkeep.

Chapter 6, the last chapter of this thesis briefly summarizes the findings from each chapter, and

forms a set of suggestions to better make use of CS services in societies.
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Chapter 2: Characterizing the GHG Emission Impacts of Car-

sharing6

As discussed in Chapter 1, the recent rapid carsharing (CS) expansion has never been
feasible without support from local governments. The driving force of their endorsement
is the expectation on CS to mitigate the effects of climate change and traffic congestion.
This chapter intends to analyze the impacts of CS services on greenhouse gas (GHG)
emissions to confirm the validity of those expectations. The novelty of this study is the
attention paid to the factors and contexts through which CS impacts are realized. This
approach allows for understanding the fundamental causes of CS’s environmental
benefits and their qualification. Unveiling critical factors affecting CS’s environmental
contributions would help in examining not only current but also the future potential of CS

as a climate change mitigation measure.

2.1. Introduction

The concept of sharing vehicles among multiple users has been practiced for more than
three decades (Prettenthaler & Steininger, 1999b); it was invented to provide more
affordable access to personal mobility (Shaheen et al., 1999). The popularity of such
services has been accelerated by smartphones as platforms for software that facilitates the
necessary transaction elements such as: vehicle location, booking and payment for
service (Siee, 2014). Many car-sharing platforms allow users the choice of vehicle type as
well as pick up locations. Some CS services even provide one-way CS allowing users not

to worry about returning the vehicle to the pickup location or being responsible for pay-

® A version of this chapter has been published as Namazu, M., & Dowlatabadi, H. (2015). Characterizing
the GHG emission impacts of carsharing: a case of Vancouver. Environmental Research Letters, 10(12), 1—

10. http://doi.org/10.1088/1748-9326/10/12/124017
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parking at their destination. A closer examination of the environmental impact of such

convenient personal mobility services is the focus of this paper.

Several studies have already examined car-sharing services as a GHG mitigation measure.
Martin and Shaheen (Martin & Shaheen, 2011a) and Transportation Ecology and

Mobility Foundation (Transportation Ecology and Mobility Foundation, 2013) surveyed
members of multiple CS services and calculated emission reduction resulted from CS
participation. Firnkorn and Miiller (Firnkorn & Miiller, 2011b), and Cervero and Tsai
(Cervero & Tsai, 2004) focused on one specific CS organization each. While Firnkorn
and Miiller (Firnkorn & Miiller, 2011b) surveyed residents who were interested in CS,
Cervero and Tsai (Cervero & Tsai, 2004) conducted multiple surveys throughout four

years to analyze the dynamic changes in user behaviour by CS.

The focus of these earlier papers has been on how car sharing leads to a reduction in
Vehicle-Kilometers Travelled (VKT) and hence GHG emissions. However, Lane (Lane,
2005) and Katzev (Katzev, 2003) reported issues in VKT reporting; the responses they

got were highly likely inaccurate because few drivers actually knew their VKT.

In this paper, we model the impact of CS on GHG emissions through five independent
factors beyond VKT reductions. The data used for the model is derived from a travel
diary survey in which travel distances were calculated based on trip start and end
locations. We use the survey data on trip distances and characteristics of families who are
not CS members to construct three clusters of household archetypes. We suspect that
household characteristics determine flexibility in utilizing CS. Our scenario-based
approach is designed to assess emission reductions as different household types join CS

programs.

In this modeling study we consider three factors involving behavioural change:

e Mode shifting - higher use of other modes of mobility (public transit, biking and
walking);
e Right sizing - selecting the appropriate vehicle for the task at hand; and,

e Trip planning - aggregation of a number of shorter trips into longer trips.
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And two factors arising from fleet composition:

e Newer cars - CS fleets are, on average, much newer than owned vehicles. This
leads them to benefit from secular improvements in vehicle efficiency;
e Less macho - CS fleets, on average, include the more efficient drivetrains offered

for each vehicle type in their fleet.

We quantify the effects of each factor and propose future steps to utilize CS as a GHG

emission mitigation measure.

In section two we describe the scope of and data used in this study. In section three we
explain the scenarios and their rationale. In section four a piecewise-linear emission
calculator is introduced to explore the impact of trip aggregation on engine temperature
and fuel efficiency. In section five we present results and discuss their implications. In
section six we explore the sensitivity of our results to modeling assumptions. We

conclude with a summary of findings in section seven.

2.2. Scope and Data

Since vehicle production only accounts for about 10 % of the emissions in the lifecycle of
a vehicle (Samaras & Meisterling, 2008), and the majority of the vehicle exhaust gases
consists of CO; (United States Environmental Protection Agency (US EPA), 2014), we
focus on CO, emissions due to vehicle operations. Vehicle operations are dependent on
household demands for mobility services. Thus, our methodology hinges on patterns of
demand for mobility as revealed in detailed travel diary surveys. For this study, we
utilized data gathered by Metro Vancouver, the regional authority for the Vancouver
region, representing over 21,850 valid surveys from local households reporting their

previous day’s weekday trips (TransLink, 2013).

We rely on data from Transport Canada (Transport Canada, 2015b) for vehicle

composition and fuel efficiency. Unfortunately, fuel efficiencies of the current fleet are
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only available at the aggregate national level, so our data is not specific to Metro
Vancouver. We also used fleet composition and vintage from Modo, a local car
cooperative, and vehicle fuel economy statistics (Natural Resources Canada, 2015a) that
use the more realistic fuel performance methodology introduced in 2015 (Natural
Resources Canada, 2015b; U.S. Department of Energy U.S. Environmental Protection
Agency, 2015).

The availability of data on household travel patterns, and characteristics of the fleets of
user-owned vehicles and those operated by CS services were the reasons for choosing the
Metro Vancouver region. We suspect our findings are replicable wherever the

characteristic differences between user-owned and CS fleets are present.

2.3. Scenario Development

For the purpose of this study, we propose three household archetypes: 1) households with
children and at least one person working away from home (hereafter referred to as
household with children), 2) households without children and at least one person working
away from home (referred to as household without children), and 3) households with
neither children nor work away from home (referred to as retiree household). The three
households were chosen by following the classification used in the Trip Diary Survey

administered for Metro Vancouver, Canada (TransLink, 2013).

Trip distances and purposes by household archetypes are presented in Figure 2.1. Mode
shares are presented in Figure 2.2. These closely resemble’ data found in Metro
Vancouver’s Trip Diary survey for families not utilizing car sharing services (Ipsos Reid,
2012; TransLink, 2013). Our working assumptions are that 1) these households have

travel patterns and modes which are no different from that of general public prior to CS

7 See appendix for the modifications made to the Trip Diary data.
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participation, and 2) these households own a single vehicle before participating in CS

services®, and once they become CS members, they use only cars offered by CS services.

The working assumption that households switching to CS are representative of the
general public is an over-simplification that we revisit in the sensitivity analysis. The
second simplifying assumption can be scaled to reflect actual patterns of access to CS on
car ownership and trip characteristics. For example, 80% of people who join Modo’ sold
or donated their cars (Government of Canada, New Economy Development Group, 2006).
More recently, Metro Vancouver’s CS survey (Metro Vancouver, 2014b) revealed that
28% of households who gained access to CS relinquished their privately owned vehicle,
and 70% of them became zero vehicle households, meaning that access to CS fully

substituted private car ownership (Namazu & Dowlatabadi, 2016).

35
%
<) 30
g 25 w Work / post secondary
g 12
§ 20 2 Shopping / personal
é 15 5 business
g 10 5 7 8 Social/recreational/dining
B
=5 6 7 .

® Escort (drop-off / pick-up)
Household Household Retiree
with children without household
children

Figure 2.1: Average weekday travel distance by trip purpose (baseline)

¥ The average vehicle ownership rate in the Metro Vancouver region was 1.66 in 2011 (Metro Vancouver,

2015) (Metro Vancouver, 2012c)

? Founded in Vancouver in 1997 and previously known as Cooperative Auto Network, CAN.
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Figure 2.2: Mode of transportation by distance (baseline)

Newer vehicle factor:

Modo owns 340 vehicles (Metro Vancouver, 2014a), and the average age of their fleet is
three years (Modo the Car Co-op, 2015a). On the other hand, the average age of privately
owned vehicles in British Columbia is 11 years (The Motor Vehicle Sales Authority of
British Columbia, 2014)"°. Given the secular trend to higher fuel efficiency (United
States Environmental Protection Agency (US EPA), 2014), this gap in vehicle vintage
plays a significant positive role in reducing the GHG emissions from households who use
a CS vehicle instead of their own. This newer vehicle effect is present whenever CS is
used. Thus the other factors impacting GHG such as vehicle optimization and trip
planning are additional to the shift in baseline emission that result from the higher

efficiency of CS fleets.

10 . . . . . . .
Note that this average is based on mathematical calculations. Beyond a certain age, vehicles might be

more for leisure than a merely transportation option.
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Transportation mode change factor:

Greater use of public transit, walking and biking has often been singled out as the main
benefit from implementing CS services (Cervero et al., 2007; Le Vine, Lee-Gosselin,
Sivakumar, & Polak, 2014a; Loose, 2010; Meijkamp, 1998). The magnitude of this effect
varies depending on user demographics, geographic conditions, and public transit service
characteristics (Martin & Shaheen, 2011a). In this study, we assumed that CS
participation and the absence of vehicle ownership leads to changes in mode of transport
chosen, depending on the nature and distance of trip in question. However, we are not
aware of any systematic study of how transportation mode is changed by participation in
CS. For the purposes of this study, we relied on informal interviews with CS households,
data on travel patterns from the Trip Diary, and other CS reports (Cervero et al., 2007,
Martin & Shaheen, 2011a; Metro Vancouver, 2014b; Transportation Ecology and
Mobility Foundation, 2013) to develop the trip pattern scenarios. The scenario
assumptions for post CS participation are: trips of 1 km or less will be completed by
walking; walking and biking will be used twice as frequently as before to complete trips
of 1 to 5 km; and, regardless of distance, use of public transit is doubled"". In addition,
since CS is mainly used for shopping and social trips (Cervero, 2003; Lane, 2005;
Namazu & Dowlatabadi, 2016), commuting is also assumed to be completed using public

transit alone.

Vehicle optimization factor:

In this study, we reflected vehicle optimization as an aspect of how households would
meet their transport needs after switching away from car ownership. In general, car
owners purchase vehicles that are too powerful and too large for their daily needs.
Vehicle optimization means using a vehicle of sufficient in size and performance to

complete a trip with a specific purpose. For example, trips that do not involve large loads

" This mode shift might differ among different population (e.g. younger and elderly populations); however,
insufficient data kept us from taking into account those insights in this study. This data availability issue is

discussed in the conclusion.
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can be completed in a sub-compact vehicle, while trips involving large loads would be

completed using a light duty truck.

A comparison of the privately owned and CS fleets (see Table 2.2) revealed the latter to
have far fewer sport utility vehicles (SUV) and light duty trucks (LDT). The odometer
readings from the CS fleets showed that the various cars had roughly equivalent use. This
gives us the justification to assert that members of CS services choose the vehicle they
use to match their need for that specific trip. In addition, the most prevalent vehicles in
the CS fleets of Vancouver are 700 car2go’s Smart ForTwo 2-seater sub-compacts

(Metro Vancouver, 2014b).

Trip aggregation factor:

Despite the lower barriers for securing CS services today, vehicle availability where and
when needed is still inferior to privately owned vehicles. We hypothesize that limited
temporal and spatial availability cuts down on ad hoc trips and encourages “trip planning”
by users. Trip planning is assumed to involve aggregation of shorter trips into fewer
longer trips. This has two effects: a) shorter distance (SD) — by combining many trips, the
return legs of some trip could be avoided, leading to fewer km travelled,'” b) warm start
(WS) — if many trips are combined into sequential short stopover trips, the engine will
remain warm. Engines have significantly higher fuel consumption (and emissions) below
their operating temperature (cold starts) (Favez, Weilenmann, & Stilli, 2009). In this
study, we assumed that households might decide to aggregate half of the trips shorter than
5 km.

A summary of key assumptions about shifts in household trip patterns used in this study

is presented in Table 2.1.

12 . . . . . . .
For example, when two destinations are combined into one trip, on average, the total distance covered is

30% shorter.
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Table 2.1: Summary of scenario assumptions when relying on CS

House.hold with Househf)ld without Retiree Household
children children
The share of walking in | The share of walking in | The share of walking in
Trips of Less than travel distance travel distance travel distance
1km increases from 31% to | increases from 23% to | increases from 25% to
100%. 100%. 100%.
@ The shares of walking, | The shares of walking, | The shares of walking,
%‘J biking, and transit in biking, and transit in biking, and transit in
< | Trips of Less than | travel distance increase | travel distance increase | travel distance increase
2 5km from 9%, 3%, and 6% from 16%, 5%, and from 18%, 2%, and 5%
E to 19%, 6%, and 20%, | 14% to 32%, 11%, and | to 36%, 3%, and 11%,
respectively. 30%, respectively. respectively.
The share of transit in The share of transit in The share of transit in
Trips of more travel distance travel distance travel distance
than Skm increases from 12% to | increases from 19% to | increases from 20% to
57%. 65%. 47%.
Commuting Sub-compact Sub-compact Sub-compact
E Escorting Compact car Sub-compact Sub-compact
< S | Short recreational
=N . Compact car Compact car Compact car
5 g trips
> o .
§- Long rec'reatlonal Station wagon SUvV Mid-size
trips
Other Sub-compact Sub-compact Sub-compact
= . . . .
2| Shorter Distance The half of trips with less th.an 5 km travel distance (1)s aggregated and
o R overall trip distance is reduced by 30%.
£ 5
= 5 The half of trips with less than Skm travel distance is aggregated while
0 Warm Start . .
= travelling the same distances.

Newer vehicles

Newer vehicles are used in all auto-driving trips. The vehicle efficiency is
based on the CS companies’ fleets.

2.4. Emission Calculator

The annual CO, emissions for each archetypal household prior to enrollment in CS
participation (pre-CS) were calculated using energy efficiency data by vehicle class
(Transport Canada, 2015a), emission factors (Natural Resources Canada, 2015a), and the
emission data of the public transportation system operating in our case-study region
(TransLink, 2012). Since fuel efficiency of a vehicle is dependent of engine temperature
(Favez et al., 2009), and about 30% reduction in fuel consumption can be achieved by

warming up engines (Favez et al., 2009), we assumed a piece-wise linear efficiency
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model where fuel efficiency rises as the engine comes into its intended operating

temperature. Thus, the fuel efficiency rises from a cold start to the optimal based on cold-

start and overall fuel efficiency values reported in Canadian Vehicle Use Study 2014

(Transport Canada, 2015a): vehicle efficiencies were categorized for 9 trip distances (<
lkm, 1-5km, 5-10km, 10-15km, 15-20km, 20-30km, 30-50km, 50-100km, and >100km).

The same methodology was used for calculation of CO; emissions for both the baseline

and the CS travel patterns. We used the average energy efficiency of all on-road vehicles

by category (Transport Canada, 2015a) for the baseline case while the efficiency data

based on the actual vehicle inventories of Modo and car2go were used for the CS

scenarios (see Table 2.2).

Table 2.2: Fuel efficiency values used in the calculator

Vehicle composition (%) Fuel efficiency (L/100km)
CS Fleet Canada CS Fleet Canada
Data source Modo Canadian Vehicle | Modo + qul Consumption | Canadian Vehicle
Survey 2009 Guide 2014 Use Study 2014
Sub compact NA* 7
Compact 44 8.7
Mid-size 19 > 8.8 7
Full size 1 5.5 (hybrid)
SUv 6 13 12
- 12.6
3;‘;;‘32 16 3 9.4
Pickup truck 3 13 13.2 16.3
Van 11 16 13.7
Average NA NA 9.7%* 12.2%%*

* Modo does not provide any sub compact cars; however, car2go provides more than 700 Smartfortwo

vehicles in Vancouver

** This averaged vehicle efficiency was used to calculate baseline emissions
*** This averaged vehicle efficiency was used to calculate post-CS emissions except vehicle optimization
case, in which different vehicle types were assumed depending on trip purpose
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2.5. Result & Analysis

CO, emissions before and after participation in CS are shown in Figure 2.3. Note that
newer vehicle effects are present for all cases except pre-CS. The emission reduction
effects by using newer vehicles vary depending on other factors at work especially mode

change where use of other modes renders the fleet effect to be much smaller.

Overall, households with children had both the highest emission baseline and the largest
emission reduction potential in absolute terms through CS. In terms of emission reduction
ratio compared to baseline, households without children had the highest reduction
potential (55% reduction of emission when all five factors are active). All household
archetypes showed the same pattern of emission reductions from the five factors
considered here. The quantitative emission reduction effects by CS can be summarized as
falling into two categories. Using CS services without changing transportation modes,
reduces emissions by 19-20% due to the newer fleet; and a further 16-19% due to vehicle
optimization. Trip aggregation using the newer fleet delivers another 2-8% GHG
reduction. Trip aggregation to ensure warm starts delivers a marginal 1% reduction in
GHG emissions' If, on the other hand, households were to use the new fleet and rely
more on other transportation modes (as specified in Table 2.1), a 42%-54% reduction in
emissions can be realized. When all factors are considered, the maximum emission

reduction potential of CS is expected to be in the range of 48% to 55%.

13 . . .o o
The impact of warm restarts is far more significant for criteria pollutants.
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All effects combined

Retiree Household

Pre car-sharing
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Trip aggregation SD
Vehicle optimization
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All effects combined
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CO, emissions (ton CO,/year)

M Emission

Reduction due to newer vehicle effect
© Reduction due to other factors

Figure 2.3: Modeled CO; emissions by scenario and household
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The effect of transportation mode change was the largest of the five factors considered
here, and accounted for total 42% to 54% of reduction depending on the type of the
household (including newer vehicle effect). However, it is important to recognize the
assumptions leading to this outcome. We assumed that households would switch to public
transit for commuting, but this is possible only if they have access to desirable public
transportation services. Vancouver is a city well regarded in North America for its public
transportation services; however, currently, one-third of the jobs in the Metro region are
located beyond normal walking distance from its frequent transit network (Mayors'

Council on Regional Transportation, 2014).

While realizing full effects of the transportation mode change requires a huge investment
in infrastructure, vehicle optimization only requires a CS membership with vehicles at
convenient pickup locations. CS is financed by users and municipal governments help
their adoption through convenient parking areas. Emission reductions due to vehicle
optimization consist of two independent effects: effects caused by using newer vehicles
and effects resulting from using right-sized vehicles. Combining the two effects leads to a

privately funded GHG reductions of 31-34%.

2.6. Sensitivity Analysis

We conducted two types of sensitivity analysis to confirm the robustness of the model: 1)
modifying fuel efficiency of pre-CS vehicles, and 2) modifying travel pattern prior to the
CS participation. For simplicity’s sake, we focused on the household without children
because 1) there was a consistent emission reduction trend among the three household
types, and 2) existing studies confirmed that the majority of CS users were younger
professionals without children (Cervero, 2003; Cervero & Tsai, 2004; Lane, 2005; Loose,
2010; Millard-Ball et al., 2005).

Table 2.3 shows the CO, emissions by assuming different fuel efficiencies. The original

assumption of the efficiency was 12.2 L/100km, equal to the average Canadian vehicle
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(Transport Canada, 2015b)'*. CS members motivated by environmental concerns are
likely to be using a more efficient personal vehicle. A study covering 11 CS organizations
in North America reported that the average fuel efficiency of vehicles shed by CS
participation was 10.1 L/100km (Martin et al., 2010). By applying this number, the
emission reduction effects by mode share change and vehicle optimization effect would
be 45% and 19%, which are 9% and 13% lower than the baseline calculation respectively.
For those motivated to join CS for economic grounds, it is likely that their current vehicle
is older and less fuel efficient than the fleet average (Miller, Davis, & Reed, 2002). This

would result in a higher emission reduction potential by CS as shown in Table 2.3.

Table 2.3: Sensitivity of emission reductions to the fuel efficiency of vehicle shed

Emission reduction (%) due to
Mode share Vehicle Trip Trip Newer
change™ optimizati | aggregation | aggregation | Vehicle
g on* SD* WS*
8.0 30.6 20.0%* _17.9%* 185k | T199%F
7 1wk
9.0 38.0 8.9 _5.3%% _5.8% 7.1
10.0 44.0 17.7 49 44 3.3
11.0 48.9 25.0 132 12.8 11.8
Assumed fuel 39
efficiency of vehicle 12.0 53.1 31.1 20.3 19.9 )
shed (L/100km) 5
13.0 56.6 36.2 262 259 :
14.0 59.6 40.7 31.4 31.1 30.2
15.0 62.2 445 35.9 35.6 34.8
16.0 64.6 479 39.8 39.5 38.8
Originally assumed fuel 20.1
efficiency of vehicle 12.2 53.7 32.0 21.4 21.0 )
shed (L/100km)

* Newer vehicle effect is included
** Negative values mean an increase of emissions

'* Canadian average fuel efficiencies of passenger car, minivan, pick-up truck, and SUV were 9.7, 13.6,

16.4 and 12.9 L/100km (Transport Canada, 2015b).
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The second sensitivity analysis was conducted in order to see the relationship between
travel pattern and emission reduction by CS. A hypothesis assumed here is that
households who join CS and shed their cars have different travel patterns compared to the
general public. Unfortunately, as far as we are aware, there is no quantitative report
comparing travel patterns of households who join CS and do not. However, multiple
studies and reports confirmed that most trips done by CS cars were non-commuting trips
(Cervero, 2003; Cervero et al., 2007; Millard-Ball et al., 2005; Nakao, 2011; Stasko et al.,
2013; Transportation Ecology and Mobility Foundation, 2013), showing a possibility that
commuting trips were originally done by non-car trips, such as public transit. In this
sensitivity analysis, we re-allocated commuting trips that were originally assumed to be
done by cars to public transit. Table 2.4 shows the results. The more reallocation, the less
emission reduction effects are expected. Note that trip aggregation effects were excluded
because of their marginal emission reduction potential. When all commuting trips were

reallocated to transit, the emission reduction effects range between 15 and 33%.

Table 2.4: Sensitivity of emission reductions by commuting trip reallocations

(% emission reduction)

Reallocation of commuting from cars to transit >
0% 20% 40% 60% 80% 100%

Newer vehicle 20.1 19.4 18.6 17.6 16.5 15.2
Vehicle optimization (incl. newer vehicle effect) 32.0 30.0 27.6 24.8 21.6 17.7
Mode share change (incl. newer vehicle effect) 53.7 50.6 47.1 43.0 38.2 32.6

15 For example, 30% of reallocation means 30% of commuting trips originally done by auto-driver are done

by transit alternatively. 0% reallocation means no reallocation, equal to the original assumptions.
y y q g p
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2.7. Conclusion

In this study, we explored the GHG emissions of different household archetypes
switching to CS. The study characterized and quantified five contributing factors to a
change in GHG emissions: mode shift, newer fleet, right sizing, more efficient drivetrains
and trip aggregation. The first three factors led to significant reductions in GHG
emissions regardless of the household archetype (42-54%, 19-20%, 31-34%,
respectively). Transportation mode change had the highest emission reduction potential;
42-54% reduction of CO,. The GHG mitigation effects compared to baseline in relative
term were highest for households working away from home and without children, and
lowest for households working at home (or retired) and without children. The highest
impact group is the most likely to adopt CS as their daily routines can be accommodated
to being without a personal vehicle. However high GHG reductions are conditional on the
provisioning of an attractive public transportation option. Since many households do not
have access to such public transportation services, it is unrealistic to assume all
households with external employment shift from cars to public transit to commute to

work.

CS advocates have emphasized the GHG savings arising from the increased use of public
transit when users forego their personal vehicles for CS. Here, we have shown that
regardless of mode shifts, access to a newer and optimized fleet of vehicles through CS
leads to more than 1/3 GHG reductions without any mode shift. This effect may be more
compatible with personal preferences that prefer private transport and does not entail
large public outlays to expand and maintain public transit. Public policies that support CS
through minimally impactful measures such as special parking arrangements, are critical
in expanding CS services (Shaheen & Cohen, 2013a). Our findings emphasize the
environmental benefits of increased effort to enhancing access and use of CS at little or

no cost to the public purse.

We close with limitations of this study and suggestions for future research. First, the
scenarios used for this study were not based on actual data on how CS impacts trip mode

choices and patterns. Second, we assumed that households who join CS and shed their
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cars, are no different from general public. The sensitivity analyses show how the GHG
savings are affected when this assumption is relaxed. Third, those who choose to abandon
their private cars when joining a CS service for economic reasons, may not continue to
eschew private car ownership as their circumstances change. More detailed longitudinal
data are needed to assess the population-wide long-term effects of CS on car ownership,
travel patterns and GHG emissions. Fourth, we focused on households owning private
cars, which are expected to be the standard household archetypes in this region. However,
the environmental impact caused by households who gain access to cars through CS
needs to be examined to develop a full picture of the effects of CS. Fifth, while this paper
is focused on GHG emissions; many other environmental effects should also be studied —
most notably emissions of criteria pollutants and noise. Finally, casual observation
suggests that actual driving behaviour of per-minute CS drivers may be more aggressive
than the average. This may be motivated by operators’ desire to minimize rental

payments, but its impacts on fuel efficiency, safety and collision rates need to be assessed.

CS is relatively new and many private companies are entering this market (Shaheen &
Cohen, 2014). We believe that developing an appropriate data sharing platform open to
analysis for public interest purposes is an important step towards development of

evidence-based public policies to maximize the benefits from CS services.
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Chapter 3: Vehicle Ownership Reduction: A Comparison of One-

way and Two-way Carsharing Systems16

Chapter 2 confirmed the potential of carsharing (CS) to cut greenhouse gases. Chapter 3 aims to
explore another potential of CS, namely the potential to reduce vehicle ownership. Multiple case
studies have reported vehicle ownership reduction among CS users. However, as identified in
Chapter 1, all of these studies are solely based on observing round-trip CS users. This study
contrasts the vehicle ownership reduction rates among users of two CS services; Modo, a round-

trip CS service and Car2go, a one-way CS service.

3.1. Introduction

Carsharing (CS) is a service in which multiple individuals share access to and use of a pool of
vehicles. First offered in the late 1940s, it aims to provide affordable access to vehicles (Shaheen
et al., 1999). The earliest CS services were cooperatives with collective ownership of vehicles.
Later, for-profit companies offered their vehicles for rent by users'’. CS is now available in
many urban areas throughout the world; as of the beginning of 2015, there were over 1.5 million
users of the service in North America (University of California Berkeley Transportation
Sustainability Research Center, 2015a). This expansion is supported by users who need
affordable mobility and local governments who foresee a range of potential benefits from the
service (Millard-Ball et al., 2005). One of these expected benefits is lowering private car

ownership. Early studies empirically demonstrated this promise, as summarized in Table 3.1.

' A version of this chapter has been submitted for publication: Namazu, M., & Dowlatabadi, H. (in review). Vehicle
ownership reduction: A comparison of one-way and two-way. Transport Policy.

' This service style can be defined as a type of car rental service. Shaheen et. al claim that this service is short-term
car rental service (Shaheen et al., 1999), and this claim is consistent with the definition of carsharing by Carsharing
Association (CSA) (Carsharing Association, 2016). CSA also claims that one of the carsharing services’ primary

objectives is to support multi-modal lifestyle and sustainable environment.
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Note that this table is not meant to cover all previous CS studies but show findings from major
studies on two continents leading in CS experience, Europe and North America. The data in the
table should be viewed as qualitatively indicative of similar phenomena, but due to a wide range
of contexts and lack of standardized methodology, detailed comparisons are inadvisable (de
Lorimier & El-Geneidy, 2013). In most cities where CS has been offered, members reduced

private vehicle ownership through use of CS vehicles.
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Table 3.1: Summary of reported vehicle ownership reduction among CS users

Area/Country Survey Target CS Vehicle ownership reduction Reference
year (Round-trip or
One-way)
US (Portland) Around Round-trip Among CS survey respondents, 26% of them sold (Katzev, 2003)
1999 their personal vehicle, and 53% of them forgone
purchasing a car.
US (San 2002 Round-trip Among CS members, 29.1% of them reduced car (Cervero &
Francisco) ownership, and 67.5% of them foregone the purchase | Tsai, 2004)
of a vehicle
Us 2003 Round-trip A carsharing vehicle removed an average of 22.8 cars | (Lane, 2005)
(Philadelphia) from the roads (10.8 cars removed by vehicle
ownership reduction, and 12.0 cars removed by
deferring purchase of a car)
North America | 2004 Round-trip About 20% of CS users reduced their private car (Millard-Ball
(multiple cities) ownership. One carsharing vehicle replaced five to et al., 2005)
six privately owned cars.
US (San 2005 Round-trip Among CS survey respondents, 2% of them reduced | (Cervero et al.,
Francisco) multiple cars, and 22% of them reduced a car 2007)
North America | 2008 Round-trip The average vehicle ownership reduced from 0.47 (Martin et al.,
(multiple cities) vehicle/household to 0.24 vehicle/household. A 2010)
carsharing vehicle removed four to six private
vehicles from the road.
Canada 2009 Round-trip 29% of CS users gave up a vehicle after becoming a (Engel-Yan &
(Toronto) CS member. 55% of CS users forgone purchasing a Passmore,
car as a result of CS participation. 2013)
Europe Around Round-trip CS users who got rid of cars: Belgium: 15.7%, (Loose, 2010)
2009 Switzerland: 31.6%, Germany: 16%. CS users who
decided against a planned vehicle purchase: Belgium:
35%, Germany: 33%
US (Ithaca) 2011 Round-trip A carsharing vehicle reduced roughly 15.3 personal (Stasko et al.,
vehicles. 2013)
UK 2014-15 | Round-trip One carsharing vehicle removed 4 private cars from (Steer Davies
(England&Wal the road, and differed the purchase of over 9 cars Gleave, 2015a)
es excl.
London)
UK (London) 2014-15 | Round-trip One carsharing vehicle removed 8.6 private cars from | (Steer Davies
the road, and deferred the purchase of 19.8 cars Gleave, 2015b)
UK (Scotland) 2014-15 | Round-trip One carsharing vehicle removed 3.5 private cars from | (Steer Davies
the road, and deferred the purchase of 9.3 cars Gleave, 2015c¢)
Canada 2014 Round-trip Regression models results show that the number of (Klincevicius
(Montreal) shared vehicles in 500m radius is negatively etal., 2014)
correlated with car ownership.
North America | 2014-15 | One-way One carsharing vehicle removed 1-3 private cars (Martin &
(multiple cities) from the road, and deferred the purchase of 4-9 cars. | Shaheen,
2016)
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Traditionally, CS has been a two-way (round-trip) service in which vehicles are picked up and
dropped off at the same location. Most CS services examined in the studies listed up in Table 3.1
refer to traditional two-way service. However, there is a rapid increase of another service model:
one-way CS services (Shaheen, Chan, & Micheaux, 2015). One-way CS services allow users to
return shared vehicles to locations different from the original pick-up locations. In 2014, 24.5%
of CS cars were capable of one-way trips, and 26.4% of CS users had access to these services in
North America (Shaheen & Cohen, 2014). Some one-way CS services are station based; users
can pick stations to return cars (e.g., Car2go service in Toronto). The other one-way CS services
do not even have specific stations; users can drop off cars almost anywhere in the service area
often using roadside parking spaces (e.g., Car2go in Vancouver). The majority of one-way CS
services use the latter service style, which often called free-floating CS. In this paper, we
examine the impact of CS on vehicle ownership, focusing on potential differences between two-

way and free-floating (one-way) CS services.

In free-floating CS services, users are able to check the real-time availability and locations of CS
vehicles, and instantly book them via their smartphone or laptop instantaneously. They can even
unlock and lock the car using their smartphone to begin and end the rental. Since the service
allows users to make one-way trips, all users need to do is to drive to their destination — so long
as that is within the service area. The information of the trip termination is immediately sent to
the CS provider, and other CS users now can search and book the car. The introduction of these
one-way CS services removed some of the restrictions faced by members of conventional round-
trip services. The freedom of operation has been very popular; the first free-floating CS, Car2go,
started in 2008 in Ulm, Germany (Shaheen, Chan, & Micheaux, 2015), and it became the largest
CS service in the world (car2go, 2015a) offering its service in over 30 cities in 8 countries
(car2go, 2015¢). The growth in this free-floating service is expected to continue (Shaheen &

Cohen, 2013a).

The question explored in this paper is the effect of these free-floating CS services on private
vehicle ownership. Scholars are aware of potential differences between free-floating and
conventional round-trip CS services and have pointed to the necessity for such a comparison (Le
Vine & Polak, 2015). As far as we are aware of, there is no empirical or quantitative academic

studies on vehicle ownership reduction contrasting one-way and two-way CS services. The study
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done by Wielenski et. al, (2015) is the closest one — they compared users of one-way and two-
way CS services in Montreal, Canada; however, their analysis is limited to demographics and
trip patterns rather than vehicle ownership. The white paper prepared by Martin and Shaheen
(Martin et. al, 2016) reports the vehicle ownership changes among one-way CS users; however,
they only focus on one one-way CS service. Petersen, Zhang and Darwiche (2017) report on a
new model of vehicle ownership that accounts for household access to CS. However, their model
does not differentiate between different types of CS services. Namazu and Dowlatabadi (2016)
also presented a study in which association of household characteristics and car-shedding was
explored. However, again the focus of the study is not contrasting the two different types of CS

services.

In this study, we analyze responses of a CS survey conducted in 2013 targeting CS users in
Vancouver, Canada. The survey includes users of both round-trip and one-way CS services.
Given the sample size and response rates, we focus on a comparison between a round-trip
(Modo) and a free-floating (Car2go) CS services. As noted above, the comparison is not purely
contrasting round-trip and one-way services; Modo provides a variety of vehicle types while
Car2go only offers a two-seat sub-compact'®. With this in mind, we explore the difference

between the two services and develop a statistical estimate of their impact on vehicle ownership.

Section 3.2 gives details of data used for this study, along with a brief introduction to the study
area, the Vancouver region, Canada. Section 3.3 summarizes the results from several statistical
analyses including t-tests and multiple logit regression analyses. The effects of CS on vehicle
ownership reduction are quantified here. Section 3.4 gives the summary and discussion of

findings.

'® These CS Services also differ along two other dimensions, Modo is a local coop while Car2go is an international

for-profit entity.
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3.2. Data

3.2.1. Target Area: Vancouver

Vancouver is home to Modo, the first CS service in the English-speaking world (Modo the Car
Co-op, 2014). Modo'® was launched in 1997, and currently four CS services provide over 2,000
vehicles to their members (Mackie, 2015) in the Metro Vancouver region. The social and
economical core of the region is the City of Vancouver, located at the west side of the region.
The city’s Transportation Panel Survey revealed that 13% of their respondents held CS
membership in 2013, and it increased to 20% in 2014 (Ch2m Hill, 2015). Given this background,
residents of this region, especially the regional core, are expected to be well adapted to CS
services. The readers should take care however to contextual the findings here as a reflection of
local conditions in Vancouver. While we believe our findings to be relevant to other jurisdictions,
they are unlikely to be replicated for three reasons: a) the survey data contrasts a well-established
membership based 2-way CS cooperative (Modo) with a more recently established free-floating
service (Car2go); b) CS membership rates in Vancouver are among the highest in the world and
atypical of most other locations; and c) the local transit alternatives and the socio-economics are

key factors in mobility and car ownership decisions.

3.2.2. Metro Vancouver’s Carsharing Survey

Metro Vancouver, comprising 24 local authorities in the region, conducted an online survey
targeting CS users in 2013. The survey was part of the first comprehensive study to understand
the role of CS in the region (Metro Vancouver, 2014a; 2014b). The online CS survey comprised
32 questions covering household demographics, CS membership, car ownership, pro-
environmental attitudes, etc. (see (Metro Vancouver, 2014b) for details). The survey was
conducted between October 17 and December 2, 2013. Participant recruitment was through the
membership lists of the three CS organizations in operation at the time: Modo (Modo the Car
Co-op, 2014), Car2go (car2go, 2014a), and Zipcar (Zipcar Canada, 2015). Modo and Car2go
distributed the survey hyperlink to their members via e-mail while Zipcar used twitter to provide
the hyperlink. Survey respondents could enter into a draw to win one of two gift certificates

worth $50. Table 3.2 provides a brief overview of the three participating CS services (Metro

19 Formerly known as Cooperative Auto Network (CAN)
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Vancouver, 2014b)*, and Figure 3.1 shows the service area/locations of each CS service in the

region.

Table 3.2: List of CS services in Vancouver (as of Fall 2013, retrieved from The Metro

Vancouver Car Share Study Summary Booklet and Technical Summary (Metro Vancouver,

2014a; 2014b))

Modo Zipcar Car2go

Private (Daimler
AQG)

2011

Business type Co-operative Private (Avis Budget)

Service start year in

Vancouver 1997

2007

Round-trip, various
vehicle types

Round-trip, various
vehicle types

One-way, two-

Service style .
y seater vehicles

Number of vehicles

. . 303 vehicles
in the region

128 vehicles 550 vehicles

Membership 7,900 3,337

e Occasional Driving
Plan: $25 one-time

37,400

e Coop membership:

e Casual membership:

$5 monthly fee and
$20 registration fee

and Extra Value Plan:
$25 one-time non-
refundable application
fee

Onetime $500 non-refundable
refundable shares application fee and $65

Membership fee purchase and $20 annual fee ¢ $35 one-time
registration fee e Monthly Driving Plan registration fee
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Figure 3.1: Map of Vancouver region along with CS service availability (retrieved from (Metro

Vancouver, 2014b))

3.2.3. Survey Response

A total of 3,405 valid responses were collected. The following filters were used to establish valid

responses: 1) feasibility (i.e., zero household size is invalid), 2) consistency (e.g. a car-free

household cannot have purchased a car). In addition, we wanted to exclude the potential

conflating effect of home relocation on car ownership and if a respondent stated that home

relocation had more than a moderate effect on vehicle ownership we excluded them from the
study sample. After these exclusions 3,040 valid responses remained. CS membership

possessions of the respondents were summarized in Figure 3.2. Given >90% of the respondents
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was either Car2go or Modo members, we excluded other CS responses and focused on three
groups of respondents: Car2go only households, Modo only households, and households with
memberships in both Car2go and Modo.

T %//////////Z%///////% 290

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Car2go only Car2go&Modo BEModoonly  OOthers (incl. Zipcar)

Figure 3.2: Survey response

3.3. Analysis

3.3.1. Demographics of Respondents

The demographics of the three household types (Car2go only, Modo&Car2go and Modo only)

are summarized in Table 3.3.

Due to the voluntary nature of the survey, we are aware of the possibility of sampling bias.
Despite the incentive to participate, the wildly different response rates by Modo and Car2go
members (4% for Car2go only members and 19% for Modo only members, see Table 3.7 for
details) are an indicator of differential engagement. Since we were not allowed to contact survey
invitees, and it is nearly impossible to know the demographics of CS users at the time of survey
(2013), there is no feasible approach to characterize any potential sampling bias. Hereafter, we
treat the survey results as if unbiased and representative of the CS user population. We therefore

use a sensitivity analysis of the results to explore the impact of unmeasured bias — see section
3.4.1.

A comparison of the three CS user groups and Vancouver statistics reveals that survey

respondents are more likely to live in rental housing with fewer family members and own fewer
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cars prior to joining CS. These are common characteristics among CS users (Steer Davies Gleave,

2015a, 2015b, 2015c; Klincevicius et al., Loose, 2010; Millard-Ball et al., 2005).
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Table 3.3: Demographics of respondents

Car2go Modo& Modo Vancouver
Car2go avg.
Response count by type of membership 1227 700 823 NA
% of responses from City of Vancouver residents 89% 96% 80% NA
Housing Living in rental housing 55% 61% 55% 51%*
Bedroom Bachelor 42% 37% 36%
1 bedroom 32% 34% 31% NA
2 bedrooms 22% 23% 26%
3 or more bedrooms 5% 5% 7%
Length of Less than 1 year 18% 17% 14%
residency in the 1 to 2 years 26% 23% 21% NA
current house 3 years or more 56% 60% 65%
Hous'ehold who vcl'langed home and/or work 19% 50% 37% NA
location after joining CS
Demo- Average household size 2.25 2.21 2.21 2.28%*
graphics Household with children 15% 19% 24% NA
Household with elderlies 5% 3% 6% NA
Average number of employed family 1.68 1.74 1.52 NA
Average number of family working outside
home 1.56 1.55 1.39 NA
Car Average vehicle per household (pre CS) 1.08 0.69 0.68 1.56%*
ownership Average vehicle per household
0.98 0.35 0.36 NA
% of zero car households 29% 71% 68% NA
Decreased car Total 12% 36% 35%
ocvgnership af‘Fer Gave up vehicle ownership 6% 299 27% NA
participation completely
Keep at least one car 6% 7% 8%
Increased car ownership after CS participation 2% 4% 4% NA
CS Length of Less than 1 year 42% 10% 19%
membership 1 to 2 years 58% 27% 19% NA
3 years or more 0% 63% 62%
Frequency of Yery often (>4 31% 47% 20%
usage times/month)
Often (>1 time/month) 33% 36% 39% NA
Rarely (<1 time/month) 33% 17% 40%
Never 3% 0% 1%
References:

* (Metro Vancouver, 2010)
** (Metro Vancouver, 2012d)
*#%* (Metro Vancouver, 2015)

3.3.2. Vehicle Ownership Change

In advance to the CS participation, the average number of vehicles owned per household were

1.09, 0.69 and 0.68 for Car2go only, Car2go&Modo, and Modo only groups respectively (Table
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3.4). T-test results shown in Table 3.4 suggest that households with Car2go only membership
owned more vehicles than other households (before joining CS). The results also show a decline
in vehicle ownership comparing before and after joining CS services. The reductions were
statistically significant for all of the three groups. Note that this result does not confirm the
causal relationship between CS participation and vehicle ownership reduction. However,
multiple studies have also reported vehicle ownership reduction among CS users (see Table 3.1)
and the average vehicle ownership rate in the Vancouver region has been stable for the latest
three census periods (vehicle per household: 1.17 (2001) = 1.14 (2006) = 1.17 (2011) (Metro
Vancouver, 2012a; 2015)). In addition, as explained in the previous section, answers from
households who stated that home relocation had more than moderate effects on vehicle
ownership were excluded in this analysis. Considering these facts, it is highly likely that CS

participation and the decline in vehicle ownership have a certain correlation.

Declines in vehicle ownership before and after CS participation are statistically significant for all
three groups. Vehicle ownership reduction among Car2go&Modo and Modo users was higher
than among Car2go users; the first two reduced ownerships by 35-36% while Car2go only group
was only one third that rate at 12% (Figure 3.3). This is consistent with the small effect size (d-
value) seen in the comparison of vehicle ownership between before and after CS participation

among Car2go only group (Car2go: d=0.12, Car2go&Modo: d=0.48, Modo: d=0.51).
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Table 3.4: Vehicle ownership change by CS participation (number of vehicle/household)

Car2go only Car2go&Modo Modo
Beforc® T.08 0.69 0.68
After* 0.98 0.35 0.36
t(2451) =286, |t (1366) = 8.98, p<0.001,d| t(1575)=10.29, p
t-test (Before vs. After) p<0.01,d =0.12 ~0.48 <0.001,d=0.51

t-test (Car2go vs
Car2go&Modo, Before)

t-test (Car2go&Modo vs Modo,
Before)

t(1656)=10.55, p<0.001, d=0.49

£(1449)=0.08, p=0.94, d<0.01

t(1989) = 11.45, t(1989) = 11.45, p<0.001,

p<0.001,d =0.50 d=0.50

* Before means the number of vehicles owned by a household 12 months prior to joining CS service(s) while After
means the number of vehicles currently owned by the household.

t-test (Car2go vs Modo, Before)

Car2go [ J4le7 d, B Decreased to no vehicle

B Decreased but still own vehicles

Car2go&Modo 29% 7% 41% 4% ®No change with vehicles
-- @D No change no vehicle
Modo 27% 8% | 41%I 4% Oincreased
0% 20% 40% 60% 80% 100%

Figure 3.3: Vehicle ownership change comparing before and after CS participation

3.3.3. Logit Regression Analysis

We applied logit regression analysis to quantitatively understand the characteristics of survey
respondents who reduced vehicle ownership between before and after CS participation. In order
to understand the model fitting level, results of each regression model are shown along with
McFadden's Pseudo-R squared values and Receiver Operating Characteristics (ROC) curves. The
ROC curves are produced by 100 independent cross-validation tests where randomly selected

75% of the survey data sets are used as a train set and the other 25% are used as a test set.
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Since the survey did not ask any questions about respondents’ income level, estimated rent index
was used to indirectly reflect income level of survey participants. This index was developed
based on three independent variables: number of bedrooms, length of residency in the current
dwelling®', and home municipality. The reported average rent by the number of bedrooms in
municipality level was mainly used to estimate rent for each survey respondent, assuming all of
them live in rental housings (Canada Mortage and Housing Corporation, 2007; 2008; 2010;
2011; 2012; 2014).

3.3.3.1. Vehicle Owners Who Shed Cars

The first regression was conducted to understand the characteristics of vehicle owners who
reduced vehicle ownership. The dependent variable is a dummy variable set 1 for respondents
who reduced vehicle ownership and 0 for the others. Respondents who did not own cars at the
time of CS participation were excluded from this analysis since they did not have an option to
reduce or keep vehicles (n=1,769, Model 1). Since Car2go service launched in 2011 in
Vancouver and the survey was conducted in 2013 (Metro Vancouver, 2014a), the maximum
length of membership for Car2go only users is 2 years (Table 3.3). A supplementary model
(Model 2) was built by excluding respondents who had 3 or more years of CS experience to

minimize heterogeneities among the three respondent groups (n=685).

The results of the two logit regression analyses are summarized in Table 3.5. All VIF (Variance
Inflation Factor) values of the independent variables are less than 2. As Table 3.5 shows, the two
models share a general trend. This is consistent with the low explanatory power found for CS
membership length in Model 1. Figure 3.4 provides the visualization of ROC curves. Overall,

both models are moderately (AUC: 0.7-0.9) to highly predictive (AUC: 0.9-1.0) (Vanagas, 2004).

The regression results show that CS membership has one of the strongest effects on predicting
respondents who shed cars after joining CS. Respondents who hold Modo membership are close

to five times more likely to shed a car compared to Car2go only users (odds ratio: 4.26-4.96, p-

*! British Columbia government limits the maximum increase of rent for people who continue to live in a same
dwelling unit. The limit is adjusted every year depending on its economy and social status (Province of British
Columbia, 2016). If the reported increase of average rent was higher than the limit, we limited the increase of the

rent to the provincial maximum for residents who continue living in the same dwelling.
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value: <0.001) when other variables are normalized. Respondents who hold both Modo and
Car2go memberships show an even stronger tendency to reduce vehicle ownership; Modo and
Car2go double membership holders are about five times more likely to shed cars compared to

Car2go only users (odds ratio: 4.87-5.31, p-value: <0.001).

Rather than the comparison between the two CS services, owning more cars prior to join CS
(Odds ratio: 3.68-3.86, p-value: <0.001) and using CS services more frequently (Odds ratio:
2.91-2.98, p-value: <0.001 for members who use the service 4 times a month or more, Odds
ratio: 5.54-5.82, p-value: <0.001 for members who use the service once a month or more) show
positive correlations with vehicle ownership reduction. While the relationship between vehicle
ownership and vehicle shedding (the more cars owned, the more likely a person sheds a car) is
somewhat intuitive, the frequency of usage is against our intuition (the frequency of service
usage and vehicle shedding are not in a linear relationship). Respondents who use CS once a
month or more often had higher odds ratios (5.54-5.82) than respondents who use CS once a
week or more (2.91-2.98). This may mean that infrequent drivers are the people who shed cars

after joining CS.

None of regular CS vehicle access locations are correlated with vehicle shedding in a statistically
significant level. Some local governments in the Vancouver region incentivise developers to
locate CS vehicles in residential buildings by reducing parking requirement (Metro Vancouver,
2014a). However, the regression results did not confirm the correlation between on-site CS
vehicle availability and vehicle ownership. Yet, this survey and analysis are not sufficient to
conclude that on-site CS vehicle availability has no effect on vehicle ownership. For instance,
Engel-Yan and Passmore (2013) found a correlation between on-site CS availability and vehicle
ownership reduction in Toronto, Canada. The Metro Vancouver survey did not ask respondents’
home locations; therefore, we do not know what fraction of respondents were living in buildings
with on-site CS. Further investigations are required to comprehensively understand the effect of

on-site CS vehicles.

As for trip purpose using CS cars, vacation trips (statistically significant for Model 1 only, odds
ratio: 2.44, p-value: <0.001), shopping (odds ratio: 2.17-2.39, p-value: <0.001), medical
appointments (odds ratio: 1.52-1.65, p-value: <0.05), and visiting friends/family (statistically
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significant for Model 1 only, odds ratio: 1.41, p-value: <0.05) have positive correlations with
vehicle ownership reduction. A strong negative correlation is seen between trips to go to
restaurant or bar and vehicle ownership reduction (Odds ratio: 0.47-0.52, p-value: <0.001).
Overall, trips that are infrequent or long-distance, or require large storage spaces seem to have

positive correlation with vehicle ownership reduction.

The highest odds ratio among all independent variables is seen in a motivation to join CS: cost
savings compared to owning/leasing a car (odds ratio: 5.84-7.01, p-value: <0.001). A motivation
to reduce pollution and fuel consumption had a positive correlation as well (odds ratio: 2.67-3.01,
p-value: <0.01). Respondents with high financial and environmental sensitivities are more likely

to reduce vehicle ownership.
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Table 3.5: Regression Model 1 and Model 2

(Dependent variable: 1 for respondents who shed cars after CS participation 0 for others)

Model 1 Model 2
Category Sub-category Est. P Odds Est. P Odds
Intercept -4.54  *** 0.01 -4.45 ¥k 0.01
Estimated rent 0.00 1.00 0.00 1.00
Number of bedrooms 0.01 1.02 -0.01 0.99
Living in rental housing 0.52  ** 1.69 0.28 1.32
Length of residency in current unit 1-2 yrs -0.29 0.75 -0.32 0.72
(reference: <lyrs) 3 yrs or more 0.00 1.00 -0.25 0.78
Household size -0.67  *** 0.51 -0.61 *EE0.54
Household with children (<16 yrs old) 049 . 1.64 0.33 1.39
with elderlies (>64 yrs old) 0.12 1.12 -0.29 0.75
Number of family members work outside of home -0.46  ***  0.63 -0.41 **0.66
Number of vehicles owned (before joining CS) 1.35 *** 386 1.30 Kk 3.68
CS membership (reference: Car2go Modo only user 1.45 *** 426 1.60 %k 496
only user) Modo and Car2go user 1.58 *** 487 1.67 *kE 53]
Length of CS membership (reference: 1-2 yrs 0.30 1.35 0.27 1.31
<l yr) 3 yrs or more 0.37 1.45 Not applicable
Frequency of CS use (reference: >4/month 1.07  *** 2091 1.09 k2,98
<1/month) >1/month 1.76  *** 582 1.71 KrRE5.54
Regular CS vehicle access location Within apartment/townhouse complex 0.58 1.79 0.70 2.02
Street near home 0.37 1.45 0.46 1.58
Other building/parking facility near home 0.24 1.27 0.36 1.43
Location close to work or school -0.13 0.87 0.01 1.01
Location close to shopping mall -0.06 0.94 0.15 1.16
Location close to transit station 0.09 1.09 -0.02 0.98
Trip purpose Travelling to work -0.25 0.78 -0.18 0.83
Travelling to school 0.15 1.16 0.02 1.02
Shopping and errands 0.78  *** 217 0.87 **%k 239
Visiting friends/family 035 * 1.41 0.04 1.05
Going to a restaurant or bar -0.65 *F** (.52 -0.76 *xE0.47
Medical appointments 042 * 1.52 0.50 * 1.65
Recreational activities 0.30 . 1.35 0.07 1.08
Vacation trips 0.89 *¥** 244 0.66 1.94
Home relocation after joining CS -0.21 0.81 -0.10 091
Reasons to join CS Free or discounted membership 0.50 . 1.65 0.51 1.67
CS is conveniently located in our housing complex -0.41 0.67 -0.32 0.73
CS is conveniently located on a street near home 048 * 1.62 0.31 1.37
Additional mobility option 0.00 1.00 0.04 1.04
Convenient compared to transit 0.02 1.02 0.09 1.09
Convenient compared to walking -0.08 0.93 0.42 1.52
Convenient compared to cycling 120 * 3.32 0.95 2.60
Convenient compared to riding with others (carpooling) 0.15 1.16 0.14 1.15
Convenient compared to using owned/leased vehicle 0.71 * 2.04 0.13 1.14
Cost savings compared to owning/leasing a car 1.77 *** 584 1.95 **x - 7.01
Household-owned vehicle stopped working 091 * 2.48 0.99 . 2.68
Cost savings compared to car rental 0.03 1.03 0.19 1.21
Cost savings compared to using taxis 0.10 1.11 0.16 1.17
Reduce pollution and fuel consumption 1.10  *** 3,01 0.98 **2.67
Free or better parking options 0.01 1.01 0.12 1.13
The philosophy of sharing -0.03 0.97 -0.24 0.78
AIC: 1330.30 864.77
McFadden's Pseudo-R squared: 0.48 (df=48) 0.43 (df=47)

p-value symbols: <0.1=., <0.05=*, <0.01=**, <0.001=***
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Figure 3.4: ROC curves (Model 1 and Model 2)

3.3.3.2. Vehicle Owners Who Give in Vehicle Ownership

865 respondents reported vehicle ownership reduction. They can be divided into two groups:
those who gave up all vehicle ownership, and those who gave up some but not all of their cars.
Regression Model 3 was built to understand the differences between these two groups. In this
model, the dependent variable has value 1 for respondents who became zero-vehicle households,

and O for those who kept at least one car.

Table 3.6 summarizes Model 3. All VIF values of the independent variables are less than 2.
Figure 3.5 shows the ROC curves of 100 random trials (train set: test set = 75:25). The
predictability of Model 3 is moderate but lower than that of Model 1 and 2.
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According to Table 3.6, when compared to the others, those who give up all vehicle ownership
are more likely to: be living in rental housing (odds: 3.09, p-value: <0.001), have children (odds:
2.80, p-value: <0.5), have a smaller household size (household size, odds: 0.25, p-value: <0.001),
and have a high environmental awareness (reduce pollution and fuel consumption, odds: 2.81, p-
value: <0.5). In addition, these households are more likely to use both Modo and Car2go (odds:
2.72, p-value: <0.01), and use the services every month to every 2 weeks (odds: 3.04, p-value:
<0.01). The purposes of trips using CS cars are likely for vacation trips (odds: 4.06, p-value:
<0.001), shopping (odds: 3.73, p-value: <0.001), and recreational activities (odds: 2.45, p-value:
<0.001), and rarely be for going to a restaurant or bar (odds: 0.33, p-value: <0.001).
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Table 3.6: Regression model 3 (Dependent variable: Among respondents who shed cars, 1 for

respondents who gave up vehicle ownership completely, 0 for the others)

Category Sub-category Est. Pr(>|z)) Odds
Intercept -0.02 0.99 0.98
Estimated rent 0.00 0.83 1.00
Number of bedrooms 0.24 0.31 1.27
Living in rental housing 1.13 0.00 ***  3.09
Length of residency in current unit 1-2 yrs 0.22 0.61 1.25
(reference: <lyrs) 3 yrs or more 0.29 0.48 1.34
Household size -1.40 0.00 ***  0.25
Household with children (<16 yrs old) 1.03 0.02 * 2.80
with elderlies (>64 yrs old) 0.18 0.73 1.20
Number of family members work outside of home -0.31 0.10 . 0.74
Number of vehicles owned (before joining CS)
CS membership (reference: Car2go only Modo only user -0.04 0.92 0.96
user) Modo and Car2go user 1.00 0.01 ** 2.72
Length of CS membership (reference: <1 yr) 1-2 yrs 0.29 0.43 1.33
3 yrs or more 0.32 0.44 1.38
Frequency of CS use (reference: <1/month) >4/month 0.40 0.24 1.50
>1/month 1.11 0.00 ** 3.04
Regular CS vehicle access location Within apartment/townhouse complex 0.68 0.37 1.98
Street near home 0.24 0.55 1.28
Other building/parking facility near home -0.25 0.45 0.78
Location close to work or school -0.18 0.57 0.83
Location close to shopping mall 0.39 0.51 1.48
Location close to transit station 0.17 0.60 1.18
Trip purpose Travelling to work -0.46 0.14 0.63
Travelling to school 0.29 0.62 1.34
Shopping and errands 1.32 0.00 *** 3.73
Visiting friends/family 0.34 0.20 1.41
Going to a restaurant or bar -1.11 0.00 *** 0.33
Medical appointments 0.15 0.60 1.16
Recreational activities 0.90 0.00 *** 245
Vacation trips 1.40 0.00 ***  4.06
Home relocation after joining CS -0.02 0.96 0.98
Reasons to join CS Free or discounted membership 0.31 0.54 1.36
CS is conveniently located in our housing complex 0.44 0.52 1.55
CS vehicle is conveniently located on a street near home 0.45 0.27 1.56
Additional mobility option 0.35 0.43 1.41
Convenient compared to transit -0.10 0.80 0.90
Convenient compared to walking 0.85 0.46 2.34
Convenient compared to cycling -1.58 0.09 . 0.21
Convenient compared to riding with others (carpooling)) -0.72 0.32 0.48
Convenient compared to using owned/leased vehicle 0.32 0.51 1.37
Cost savings compared to owning/leasing a car 0.05 0.90 1.05
Household-owned vehicle stopped working -0.06 0.91 0.94
Cost savings compared to car rental 0.10 0.85 1.11
Cost savings compared to using taxis -0.32 0.51 0.72
Reduce pollution and fuel consumption 1.03 0.02 * 2.81
Free or better parking options -0.20 0.69 0.82
The philosophy of sharing 0.74 0.11 2.09
AlC: 563.07
McFadden's Pseudo-R squared: 0.42 (df=47)

p-value symbols: <0.1=., <0.05=*, <0.01=**, <0.001=***
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Figure 3.5: ROC curve (Model 3)

3.3.4. Alternative to CS

The survey asked questions about households’ decisions in case CS programs were discontinued
permanently (Figure 3.6). Among Car2go only users, the CS service was used as an alternative
of using transit (57%), pre-owned private car (46%) and taxi (44%). Given the relatively high
vehicle ownership rate among this group of CS users (0.98 vehicle per household) and the small
effect on vehicle ownership change (Table 3.5), Car2go service is less likely to substitute private
car ownership but complement multi-modal travels of households who do not need additional
access to private vehicles. Among Modo only and Car2go&Modo users, CS services were used
as the alternative to own private car (43-52%), to use transit (41-55%) and taxi (32-44%). Since
close to 70% of these users did not own cars, the termination of the services is likely to lead them

to increase vehicle ownership.
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Figure 3.6: If CS programs were discontinued permanently, would your household?

Figure 3.7 summarizes stated preference for buying/leasing additional cars if CS programs
ceased. The likelihood of buying/leasing additional cars was higher among those who had
reduced vehicle ownership, when compared who had not. Among those who reduced vehicles
owned, over 55% stated they would increase vehicle ownership if CS services ceased, regardless
of their CS provider (Figure 3.7) — supporting the conclusion that CS is a substitute for car
ownership for the majority of those who had reduced vehicle ownership after participating CS.
Among those who did not change vehicle ownership, 30-49% stated that they would buy/lease

additional cars if CS services ceased. This suggests that CS services may positively influence
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these households to forgo the purchase of vehicles. However, the responses were not sufficient
for us to differentiate users who were motivated to gain vehicle ownership by joining CS from
others who had an intention to have/add vehicles in prior to joining CS. For example, for some
CS can satisfy their mobility demand and help them forgo buying a car. For others, CS may
stimulate them to use cars more often. Both households would purchase cars under the
termination of CS services; in the first case, CS works as a substitute for private cars while in the

latter case, CS works as a gateway to vehicle ownership.

The highest likelihood to purchase/lease cars under the termination of CS programs was found
among households with membership in both Modo and Car2go. The combined features of these
CS services delivered a more complete substitute for private vehicles. However, we need to be
cautious about causality; for households who originally had mobility demand, CS could work as
substitute for private vehicle ownership. On the other hand, for households who did not have
mobility demand in the beginning, CS could work as a motivator of vehicle ownership. Further

investigation is needed to understand the actual role of CS on mobility demand.
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Figure 3.7: Likelihood of buying/leasing additional vehicles under the termination of CS
programs (Because of small sample size, households who increased vehicle ownership were
excluded)

3.4. Vehicle Reduced in the Region

We calculated the number of private vehicles reduced by CS in the Vancouver region using the
numbers found from the survey. Note that this calculation presumes that there is no selection bias,
in other words, we assume that CS users who joined the survey were representatives of the whole
CS users in the region. The robustness of the results based on this assumption is discussed later

with a sensitivity analysis.
The rate of vehicle ownership reduction in each CS group is calculated as:

Pr,=Vr,/S, (1)
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Where Pr | is probability of vehicle ownership reduction among CS service i users, V7, is
number of reduced vehicles in CS service i, and S, is number of responses (sample size) from CS

service i users. Similarly, the rate of forgoing vehicle purchase in each CS group is calculated as:

Pf, =Vf./S, (2)

Where Pf , is probability of forgoing vehicle purchase among CS service i users, and V£, is
number of forgone vehicles in CS service i. Assuming that these rates (Pr , and Pf ,) are
applicable to not only surveyed CS users but also non-surveyed CS users, the number of cars

shed by CS in the Vancouver region can be calculated as:
Vrl' = P_rl ' NCi ( 1 )

Where V7; is the number of vehicles reduced by CS service i in the entire region, and Nc; is the
number of users of CS service i in the region. Similarly, the number of vehicles that were not
purchased because of CS in this region, in other words, the number of vehicles that will be added

in case of CS service termination, is calculated as:
Vfi = Pf,"Nc; (2)

Where Vf; is the number of vehicles that were forgone purchase because of CS service i. Given
the number of CS vehicles in each service, cars shed by per CS vehicle and cars added per CS

vehicle in case of CS service termination can be calculated as:
vr? =Vr;/Ny; (3)
VY =Vfi/Nv; (4)

Where V7 is the number of vehicles shed by each CS vehicle in service i, Nv; is the number of
shared vehicles in CS service i, and V fip is the number of vehicles added by each CS vehicle in

case of service termination.

At the time of the survey, Car2go had 37,400 users and Modo had 7,900 users (Metro
Vancouver, 2014a). Unfortunately, the number of households who had both Car2go and Modo is
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unknown. Among the survey respondents, 46% of Modo members had Car2go membership.
Assuming that this number is applicable to all Modo members, the numbers of each group can be

estimated at Car2go only (33,766), Car2go&Modo (3,634) and Modo only (4,266). The result of

calculations using equation (1)-(6) is summarized in Table 3.7.

Assuming a representative sample of survey respondents, we estimate cars removed by each CS
service: 3,385 for Car2go only, and 1,204 for Car2go&Modo, and 1,374 for Modo only.
Potential increases of cars under the termination of CS services are 10,953 by Car2go only users,
2,092 by Car2go&Modo users, and 2,068 by Modo only users. Note that this increase is not
equal to the number of forgone car purchases by CS users. Intention to purchase a car could be a
dependent of CS experience, for example, by joining CS, car-free households might learn the
convenience and necessity to have access to cars, or households with car ownership may realize

the benefits of less car-dependent lifestyle.

Table 3.7: Vehicle reduction by CS in the region

Car2go only Car2go & Modo only
Modo
Survey Cars shed by CS (V1) 123 232 265
results Households who dt.aﬁmtely'or l}kel)ﬂly/lease 308 403 399
cars under CS service termination (Vf;)
Survey response ( S,) 1,227 700 823
Response rate 0.04 0.19 0.19
Calculated Cars shed per response ( Pr ) 0.10 0.33 0.32
coefficient Cars.add'ed per response under CS service 0.32 0.58 048
termination* (Pf )
CS data Number of CS users Car2go: 37,400, Modo: 7,900
Assumed number of CS users (N;) 33,766 3,634 4,266
Number of CS cars 550 550+303=853 303
Calculated Cars shed by CS (Vr;) 3,385 1,204 1,374
value Cars shed per CS vehicle in service (Vrip) 6 1 5
Cars added under CS service termination (Vf;) 10,953 2,092 2,068
Cars added per one CS vehicle under CS service
termination (V fip) 20 2 7

* Assuming that a household who increase vehicle ownership lease/purchase a single car.
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The results in Table 3.7 show that Car2go only users reduced the largest number of cars (3,385).
Also, each Car2go vehicle reduced 6 cars while one Modo vehicle reduced 5 cars. However, this
number is highly likely the response of a system out of equilibrium. 2013 was the third year of
operations for Car2go— the early adopters of Car2go. Meanwhile, Modo was in its 16th year of
operation, a mature system. We suspect that early adopters are those for whom CS offers the
greatest impact. Further research is needed to characterize the returns to introduction of

additional CS vehicles as the general population join up.

3.4.1. Sensitivity Analysis

As pointed out in the beginning of Section 3.3, the survey responses are likely to be biased.
There is a high possibility that the survey participants are skewed towards CS users who are
active users and/or interested in the survey objectives (e.g., positive social impacts of CS
services, see (Sioui et al., 2013) for example). Moreover, the numbers shown on Table 3.7
reflect CS user population that are reported by CS providers; in other words, the numbers on
Table 3.7 assume that all registered CS membership holders are active users. In order to
understand the significance of these bias and assumption, we conducted a sensitivity analysis
assuming different levels of sampling bias and active CS member rate. Since we lack data of
users who use both Car2go and Modo, this analysis focuses on the other two groups, Car2go

only and Modo only groups.

Figure 3.8 shows the distribution of frequent service users among Modo membership holders.
The left bar shows the distribution among the survey participants (Modo only users), while the
right bar shows the distribution among the whole population of Modo membership holders
(Modo, 2016) . The rates of frequent users (“>4/month” and ‘“>1/month”) are higher among the
survey respondents, while a small difference is seen in the rate of inactive (“Never”) users (1.2%
vs. 2.6% for the survey participants and Modo data, respectively). Therefore, a sampling bias is
likely to exist, while the most of Modo users are active members. Since the survey response rate
was 19% for Modo only users (Table 3.7), the survey participants represent minimum 19% of the

whole Modo users, but not likely 100% of the whole population.
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Figure 3.8: Distribution of frequency of service use among Modo users (Modo, 2016)

The actual distribution of the frequency of Car2go use is unknown. However, we were able to
assume the average number of daily trips per car2go vehicle: 3.3 trips per day. Considering that
550 vehicles were available (Table 3.2), 662,475 trips were made annually at the time of survey.
On the other hand, the distribution of frequent users among the survey participants was; 31% of
the survey participants used the service more often than four times per month, 33% used more
than once a month, another 33% used less than once a month, and the rest of 3% had never used
the service (Table 3.3). Considering the number of Car2go only users estimated in Table 3.7, the
number of trips made at the time of survey was estimated as 1,016,966 trips, which is 56% larger
than the number calculated based on the average vehicle usage data. Moreover, this number,
1,016,966 trips, does not include trips made by people who have both Car2go and Modo
memberships. Therefore, the survey participants are highly likely overrepresented by frequent
and active service users. Since the response rate of Car2go users was 4% (Table 3.7), the survey
participants at least represented 4% of the whole Car2go population, but not likely to represent

somewhere close to 100%.

Considering these arguments, in this sensitivity analysis, the equation (1) is altered to
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Pr,= (Vr,/S,) - SMP;
(0.04 < SMP(gp50 < 1.00,0.19 < SMPyy,4, < 1.00) (1)

Where Pr | is probability of vehicle ownership reduction among CS service i users, V7, is
number of reduced vehicles in CS service i, S, is number of responses (sample size) from CS
service i users, and SMP; is a random sampling bias variable of CS service i users. The sampling
biases were assumed to follow normal distributions (SM P, 4,: mean=(1+0.04)/2=0.52,
SD=0.1, satisfying 0.04 < SMP(4,240 < 1.00, SMPy,4,: mean=(1+0.19)/2=0.60 , SD=0.06,
satisfying 0.19 < SMPyyq0 < 1.00). When SMP; is equal to 1.00, there is no sampling bias
between the survey participants and the whole population of service users. Similarly, equation

(3) calculating the number of cars shed by CS in the Vancouver region is altered to:
Vri = P_Tl . NCi . ACTl
(0.5 < ACT ¢gar290 < 1,ACT y94, = 1.00) (3

Where V7; is the number of vehicles reduced by CS service i in the entire region, Nc¢; is the
number of entire users of CS service i in the region, and ACT; is a randomly chosen active
membership rate of CS service i users. ACTy040 Was set to 1.00 because over 97% of Modo
membership holders were active users (Figure 3.8). When comparing Car2go and Modo, the
difference in fee structures for the two services are likely to lead to different levels of
participation by members. As noted in Table 3.2, Car2go does not levy an annual fee, while
Modo imposes a $5/month membership fee or $500 refundable share purchase. Sometimes
Car2go even forgoes their nominal fee for membership registrations. This lowers the barrier to
membership, and Car2go membership are more likely to have it as a low cost additional option
for personal transportation that is rarely exercised. Therefore, assuming a lower value of active
membership rate for Car2go only users is likely to reflect the actual condition. Unfortunately,
there is no relevant data available to systematically assume the active membership rate.

Therefore, for simplification sake, ACT¢g,24, Was assumed to follow a normal distribution with

mean of 0.75 and SD of 0.04 (satisfying 0.5 < ACT¢gr240 < 1).
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Figure 3.9 and Figure 3.10 summarize the results of the Monte Carlo simulation as a Cumulative
Distribution Function (CDF) and a Probability Distribution Function (PDF)(showed as
histograms). The simulation was conducted for 500,000 times. Both of the figures show that
levels of sampling bias and active membership rates significantly affect the number of cars shed
by one CS vehicle. In Figure 3.9, the two curves cross at the probability of 0.94 and the number
of cars shed per CS car of 3.13, meaning that with 94% of probability, one Modo car shed more

cars than one Car2go car.

These are result of a very preliminary sensitivity analysis. Unless the information of CS usage

and people who were invited to the survey become available, detailed sensitivity analyses are

unlikely to be feasible.

e T """ T
© _ — Car2go
o

> © |

A o

=

e

= <

A~ o
N —
o
o |
e T T T T T T

0 1 2 3 4 5

Number of cars shed per CS car

Figure 3.9: Cumulative density of number of cars shed per vehicle in Car2go or Modo fleet
based on the 2013 Metro Vancouver survey.
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Figure 3.10: Probability density of number of cars shed per vehicle in Car2go or Modo fleet

based on the 2013 Metro Vancouver survey

3.5. Summary and Discussion

This paper explores the relationship between membership in CS services and vehicle ownership.
We studied the difference between CS services offering a one-way (free-floating) service
utilizing a fleet of subcompact 2-seaters (Car2go) to a two-way service utilizing a range of

vehicles suitable for a variety of trip purposes (Modo).

By analyzing the results of a survey directed at CS members in Vancouver, we found that both
Car2go and Modo users reported reduced vehicle ownership after joining CS. The reductions
were statistically significant for all user groups in the study. Although the survey data is not
sufficient to conclude the causal relationship between CS participation and vehicle ownership

reduction, considering the facts that vehicle ownership in the region has been stable during these
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15 years (Metro Vancouver, 2012a; 2015) and vehicle ownership reduction among CS users have
been repeatedly reported (see Table 3.1), it is highly likely that CS participation and vehicle

ownership reduction have a certain correlation.

The reported vehicle reduction was smallest for respondents who were only members of Car2go.
In this group, 12% reduced vehicle ownership while in the other two groups (Modo and
Modo&Car2go users) over 35% reduced vehicle ownership. The result of the logit regression
analysis quantitatively substantiated this difference between Car2go and Modo users.
Respondents with Modo membership were roughly five times more likely to reduce car
ownership compared to users who were only members of Car2go (see Table 3.5). Following the
financial motivation to join CS and frequent use of CS cars, membership in Modo was the third

largest factor explaining vehicle ownership reduction.

By analyzing what respondents would do should CS services be terminated, we found that
Car2go and Modo are likely to be used differently. Car2go users utilize the service as a
complement to other modes of transportation including: taking transit, using pre-owned private
cars, and taking taxis. In other words, Car2go is an additional option to make their multi-modal
travels easier and more convenient. In contrast, Modo is more likely to be used as a substitute for
private car ownership. Under the termination of CS programs, 50% of Modo users will rent a

vehicle more often, and over 40% will buy/lease a vehicle.

In terms of reported intention to buy/lease a vehicle in case of CS program termination, CS users
who reduced vehicle ownership showed stronger likelihoods to buy/lease a vehicle. This
suggests that for users who reduced vehicle ownership, CS services have been substituting
mobility services previously supplied by private vehicles. The intention to gain a vehicle under
the termination of CS programs was strongest among users who had both memberships of
Car2go and Modo. We consider this is because Car2go and Modo are not simple rivals as CS
services but complements providing difference mobility services. A possible scenario is that
Modo substitutes private vehicle ownership, and Car2go eases a lifestyle with restricted access to

private vehicles.
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This scenario is consistent with the findings from regression models. Respondents who hold
memberships of both Modo and Car2go had higher likelihood to shed cars compared to both
Car2go only and Modo only users (see Table 3.5). The double membership is especially
prominent for respondents who gave up vehicle ownership completely and became zero-vehicle
households (see Table 3.6). These findings again suggest the possibility of the two services as
compliments, and that utilizing the two service simultaneously may benefit to reduce the vehicle

dependency.

Our analyses show that Car2go and Modo have different roles in mobility provision. Modo has a
stronger correlation with reduced vehicle ownership. We do not conclude that these differences
are caused only by one-way and round-trip service styles. We believe that the difference in the
service style (one-way vs. round-trip) is a key factor leading to the difference in vehicle
ownership reduction; however, we also acknowledge that other factors, especially available
vehicle size and functions may be important. Further analyses are required to explore this
question, preferably by comparing two one-way and round-trip CS services sharing common

vehicle offerings and other attributes such as membership fees.

This study employed data solely from the Vancouver region in Canada; however, the
methodology is applicable to other regions and countries. By applying the same methodology on

other data sets, a more comprehensive picture of CS’s effects on society could be revealed.

We caution the reader about the various limitations of this study. The survey respondents are
unlikely to be representative of all CS members. At the time of the survey, Car2go was relatively
new to the region. Early adopters are likely to have been those who were more prepared to shed
vehicle ownership. More than 90% of the respondents were from the City of Vancouver, a dense
urban core where a quarter of the greater metropolitan region’s population reside. This sub-
population is unlikely to be representative of the whole; CS users have distinct demographics and
lifestyles compared to the general public (Namazu, MacKenzie, Zerriffi, and Dowlatabadi,
submitted). Findings from this study should not be generalized to the general public without
careful considerations. Finally, as CS matures we will be in a better position to estimate its long-

term impact on private vehicle ownership.
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Chapter 4: Is Carsharing for Everyone? Understanding the

Diffusion of Carsharing Services?’

Chapter 2 and 3 showed the positive potential of carsharing (CS) as a method to reduce
greenhouse gases (GHGs) and vehicle dependency. These benefits could be multiplied when
more people start using the service. However, assuming future benefits based solely on observed
results demands careful attention to ensure the accuracy of any outcomes; especially when biases
are expected to exist. For example, only a fraction of the whole population has adopted CS, and
these early adopters may be quite unique when compared to the others. Examining effects that
CS has brought is important; however, exploring the effects that CS will bring in the future is
potentially even more important. This chapter seeks to determine the possibility for CS to be
accepted by more people in the future, and also examine the characteristics of the late adopters of
CS. How these late adopters of CS utilize the service would be a key to determine the actual

effect of CS to larger societies.

4.1. Introduction

Private cars are, on average, only used for 5% of their life (Knack, 2005). Carsharing (CS) offers
an alternative where multiple individuals can access a fleet of cars for their private use. Shared
cars have much higher utilization rates reducing lifecycle environmental impacts of cars. In 2014,
there were close to 5 million CS members and over 0.1 million shared cars globally (Shaheen &

Cohen, 2016).

Local governments have supported expansion of CS based on a range of expected benefits to
society. In its development strategy, City of Vancouver, Canada lists CS as a method to realize

sustainable transportation systems and to build a multi-modal city (City of Vancouver, 2012).

22 A version of this chapter has been submitted for publication: Namazu, M., MacKenzie, D., Zerriffi, H., &
Dowlatabadi, H. (in review). Is Carsharing for Everyone? Understanding the Diffusion of Carsharing Services.

Transport Policy, 1-19.
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Other cities place their interest on the possibility of CS to make more parking spaces available

and help in reducing vehicle kilometre travelled (VKT) (Schreier, Becker, & Heller, 2016).

A number of studies have shown CS benefits, e.g., lowering the frequency of car use (Meijkamp,
1998); overall reductions in VKT (Firnkorn & Shaheen, 2015; Meijkamp, 1998); and, giving up
car ownership (Cervero et al., 2007; Engel-Yan & Passmore, 2013; Katzev, 2003; Millard-Ball et
al., 2005). In addition to these reductions in car use by CS, the supply of a variety of cars, which
are often newer and more fuel efficient compared to typical private cars (Steer Davies Gleave,
2015a; 2015¢), via CS platforms can motivate the optimization of vehicle size and features
depending on trip purposes. As a result, CS users can cut transportation related carbon dioxide

emissions up to 45-55% per household (Namazu & Dowlatabadi, 2015a).

The focus of this study is on how outcomes may evolve with adoption of CS by the broader
population. Existing studies are almost exclusively based on surveys of current CS users, and CS
is yet in the first stage of technology diffusion. According to Rogers’ technology diffusion theory
(E. M. Rogers, 2003) there are five stages of technology adoption: Innovators, Early Adopters,
Early Majority, Late Majority and Laggards. A technology takes off at the transition between
Early Adopters and Early Majority. This is usually set arbitrarily at 10% of the population
eventually adopting a technology. At the time of the survey roughly 10% of the population of the
study region (Vancouver, Canada) were members of CS services. A key question motivating our
study is whether these early adopters are similar to the broader public and outcomes associated
with their adoption of CS can be generalized as CS membership rolls grow. In particular, early
adopters may be especially well disposed to changing their private transportation choices, or
financially forced into shedding car ownership. Earlier studies have found that early CS adopters
can be characterized as being younger, non-vehicle owners, more highly educated, more likely to
live in urban centres and less likely to have children than the general population (Government of
Canada, New Economy Development Group, 2006; Loose, 2010; Prettenthaler & Steininger,
1999b).

If future adopters have different characteristics than early adopters, extrapolation of outcomes
based on studies of early adopters is likely to lead to biased expectations. In other words, further

expansion of CS may fail to generate similar patterns of benefits for society. This study has two
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objectives: a) examining whether early CS adopters are atypical of the general public and b)
understanding characteristics and limits to further adoption of CS and the implications of these

on outcomes associated CS. To the best of our knowledge, this is the first study of its kind.

This paper consists of five sections. Section two describes the survey context, data and methods.
Section three presents results of statistical analyses to understand differences in characteristics
among CS adoption groups (Early Adopters, Followers, and Non-adopters). The fourth section
shows the characteristics of future adopters and least likely adopters in detail, exploring how the
Majority can be motivated to join CS, and the reasons why a significant portion of the population
(25%) may never adopt CS. The fifth section provides a discussion and summary of findings and

their policy implications for local governments.

4.2. Methodology

4.2.1. Study Area

The study area is the Vancouver Metropolitan region in British Columbia, Canada. The
municipality with the highest population density and best public transit in this region is the city
of Vancouver. The city has one of the highest CS adoption rates in the world; in 2015, 26% of its

population was a member of one or more of four CS services available locally (Ch2m Hill, 2016).

4.2.2. The Survey

Metro Vancouver is a political body and service provider to 24 local municipalities in the region
including the city of Vancouver. In the fall of 2013, Metro Vancouver used a survey of 20
questions to understand the role of CS in the region. At the time, the region was served by three

CS systems as summarized in Table 4.1.%

* Evo, a new free-floating CS, was introduced after the survey used in this study.
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Table 4.1: CS services in Vancouver (2013)

Modo Zipcar car2go
Service style  Two-way Two-way One-way (Mainly free-
floating)
Start year 1997 2007 2011
Locations 303 vehicles, 245 locations 128 vehicles, 53 locations 550 vehicles, no fixed
and Vehicles locations
Operating Vehicles located in Vehicles located in Most of Vancouver, UBC,
Areas Vancouver, UBC, City of Vancouver, UBC, City of City of North Vancouver,
North Vancouver, West North Vancouver, Richmond,  parts of District of North
Vancouver, Richmond, SFU Burnaby Vancouver, Kwantlen
Burnaby, New Westminster, University campuses in
Coquitlam, Surrey Richmond, Surrey, and
Langley City
Membership 7,897 individual drivers; Not disclosed 55,000
1,667 business-only drivers
Individual Co-op membership: One-time  Occasional Driving Plan: $25  $35 one-time registration fee
Membership ~ $500 refundable shares one-time non- refundable
Fees purchase and $20 registration  application fee and $65 annual

fee

Casual membership: $5
monthly fee and $20
registration fee

fee Monthly Driving Plan and
Extra Value Plan: $25 one-
time non-refundable
application fee

We used the data from this survey to compare the characteristics of CS adopters and non-

adopters. This survey was the first with a focus on CS services in the region (Metro Vancouver,

2014b). 110 apartment complexes in Metro Vancouver were targeted for the survey. They were

selected on the basis of two criteria: being located within 800m of a two-way CS station; and,

being built between 2006 and 2008. All residents of these apartment buildings were invited to

participate in the on-line survey by mail (Metro Vancouver, 2014b) **. Figure 4.1 shows the

locations of the buildings along with survey responses. 2,054 responses were collected with a

calculated response rate of 12.8% (Metro Vancouver, 2014b) .

** An opportunity to win one of two $50 worth gift cards was given to survey respondents as an incentive.

** Unfortunately, a technical glitch in data collection led to no data being collected about the number of family

members aged between 55 and 64.
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Figure 4.1: Surveyed buildings and survey response
(All the buildings in the survey were within 800 m of a 2-way car service. In addition, we have
shaded the region being served by car2go, a free-floating CS service in the region.)

About 40% of the respondents to this targeted survey are residents of the City of Vancouver
(Metro core and Vancouver in Figure 4.1). The average number of vehicles per household among
these respondents was 1.06 while the Metro Vancouver average in 2011 was 1.66 (Metro
Vancouver, 2012b; 2015). Among respondents 23% had one or more CS memberships. By
comparison, the City of Vancouver reports, 13% of its residents were CS users in 2013 (Ch2m
Hill, 2015). CS membership continues to expand in the region and had doubled by 2015. We
suspect the low vehicle ownership rate and high membership in CS among survey participants

may be an artifact of the sample design.
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4.3. Heterogeneities among CS Adaptation Groups
4.3.1. Grouping

Depending on their actual and expected CS adoption, respondents were classified into three
groups: Early Adopters, Followers, and Non-adopters. This classification is modified from the
original since Rogers’ theory (14) applies to the final population that eventually adopt a
technology. In our case, the surveyed population contains a subgroup that self-identify as having
mobility needs that cannot be met through CS. Early Adopters are already members of CS
services. Followers do not have a CS membership, but identified at least one approach that may
persuade them to join a CS program (e.g., more cars, lower fees). Non-adopters do not have a CS
membership and declared that there was no way to encourage them to join. Respondents who are
inactive CS members and/or cancelled their membership prior to the survey were excluded from

analysis (8 responses).

Table 4.2 displays a summary of household and other characteristics for each CS adoption
category. Roughly a quarter are Early Adopters, half are Followers and the remainder Non-
adopters. As expected, vehicle ownership was lower among Early Adopters®® replicating findings
of earlier studies (Cervero et al., 2007; Engel-Yan & Passmore, 2013; Katzev, 2003; Millard-
Ball et al., 2005).

%% Results of one-way ANOVA (p<0.01) and Tukey’s Honest Significant Difference (Early Adopters vs. Non-
adopters: p<0.01, Early Adopters vs. Followers: p<0.01, Followers vs. Non-adopters: p=0.03) reject the null

hypothesis of no difference in means in any pairs of the three adoption groups.
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Table 4.2: Grouping results

EA Followers Non-Adopters
Households with at Households without Households without
Criteria least one CS CS membership + CS membership +
membership open to joining CS unlikely to join CS
Response 478 1019 514
CsS Holding CS membership 100% 0% 0%
Living in buildings with 30% 18% 18%
on-site CS
Demograp  Average number of 148 1.63 17
hics bedrooms ’ ’ ’
Living with children 12% 14% 12%
(<=15)
Living with elderlies (>65) 2% 6% 12%
Housing Living in rental housings 40% 31% 25%
<lyr 21% 21% 13%
;Z?f;ﬁc"yf 1-2yrs 36% 31% 27%
>2yrs 43% 48% 60%
Vehicle Average number of
ownership _ vehicles per household 0.82 110 119
o Availability of car Frequent and direct
Top iamenmes ! share vehichs (47%) trangit service (52%) W (650)
ael?irch(;::ﬁ) ) Frequent and direct Availability of car Frequent and direct
giving transit service (47%) share vehicles (3.4%) transit service (21%)
up/postponing Shops and services Shops and services Shops and services
vehicle 3 like grocery stores, like grocery stores, like grocery stores,
. daycare, restaurants daycare, restaurants daycare, restaurants
ownership

(31%)

(33%)

(12%)

Top 3 amenities
near work
which help
giving
up/postponing
vehicle
ownership

Frequent and direct
transit service (46%)
Availability of car
share vehicles (36%)

None (32%)

Frequent and direct
transit service (51%)

None (32%)

Availability of car
share vehicles (25%)

None (71%)

Frequent and direct
transit service (22%)
Shops and services
like grocery stores,
daycare, restaurants
(4%)

4.3.2. Multinomial Mixed Logistic Regression Analysis

We used data on household characteristics and dwelling amenities to detect differences between

Early Adopters and others. Since the response variable was the adoption groups (a three-category

discrete variable), multinomial logistic regression was applied with Followers as a reference

category. A hierarchical structure in groups is expected; however, the evidence of non-

proportional odds was found, hence a multinomial logistic regression model was employed

instead of an ordered logistic regression model. As the responses were collected from 110

buildings each of which could have unobserved features that potentially impact survey responses,
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we used a multinomial mixed logistic regression model, which allows separation and

quantification of individual and building level effects.

Table 4.3 shows the variables used to estimate the model. Amenities near each building were
identified and characterized using the Yelp API and ArcGIS software. Three distance thresholds

(400m, 800m and 1,200m) were used to quantify ease of accessibility to these facilities.

Table 4.3 Variables considered in the regression

Type Variable explanation
Dwelling Number of bedrooms
Length of residency at the current dwelling unit
Living in rental housings
Estimated rent (100CAD/month)*’
Household Number of employed family members
demographics Number of family members working outside home
Living with children (<16)
Living with elderlies (>64)

Car ownership Number of cars owned
CS related Living in buildings with on-site CS
Transit Quality of transit near home™

Amenities near home Number and distance category of CS locations nearby

(400m, 800m, 1200m  Number and distance category of bus stops nearby

distance”) Number and distance category of Skytrain®® stations nearby
Number and distance category of grocery stores nearby
Number and distance category of restaurants nearby

Table 4.4 shows the results of the multinomial mixed logistic regression. Variables listed in

Table 4.3 but missing in Table 4.4 were variables excluded in the step-wise regression model

*" This variable shows estimated rent of the unit. The rent was estimated based on average rent in the neighbourhood
(Canada Mortage and Housing Corporation, 2010) (Canada Mortage and Housing Corporation, 2011) (Canada
Mortage and Housing Corporation, 2012), move-in year, and maximum allowance for annual rent increase regulated
by the B.C. government (Province of British Columbia, 2016).

*¥ This variable is the answers to a qualitative survey question: “How would you describe the quality of transit near
your home?”

%% 400m is often used as a standard distance that people are willing to walk to take a bus. Since further distances
could be walked for rapid transit systems, the three levels of distances are considered in this study.
3% Skytrain is the automated driverless light rapid transit systems running in the Vancouver region.
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because of lower explanatory power and/or in order to avoid multicollinearities. Table 4.5 shows

the accuracy of the model prediction.

Table 4.4 Result of multinomial mixed logistic regression
(Odds ratio with P-value, reference = Followers)

Early Adopters Non-adopters
Coef. S.E. Odds Sig. | Coef. S.E. 0Odds Sig.
Intercept -3.14 048 0.04 ok -1.30 041 0.27 A
Number of Bedrooms -0.79 026 045 ok 047 0.19 159 *
Living in rental housings 040 022 149 T -035 021 0.71 T
Number of employed family members 043 0.16 1.53 ok -022 0.14 0.81
Number of owned cars -093 0.19 0.40 ok 034 0.17 141 i
Living in buildings with on-site CS 0.51 032 1.66 0.59 027 1.80 *
Estimated rent 026 004 1.30 ko -0.02  0.03 -0.51

##: p<0.01, *: p <0.05, §: p <0.1

Table 4.5 Prediction accuracy of the regression model (%)

Predicted
Early Non-
Adopters Followers adopters
Observed  Early Adopters 53.5 44.1 2.4
Followers 11.0 83.3 5.6
Non-adopters 7.8 83.8 8.4

Based on the results from the regression analysis, when compared to Followers, Early Adopters

tend to:

¢ live in more expensive rental housing with fewer bedrooms
e have more employed family members

e own fewer cars

On the other hand, when compared to Followers, Non-adopters tend to:

e live in owner-occupied housing with more bedrooms

® Own more cars
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¢ live in buildings with on-site CS

Also, CS membership status is less affected by:
e Availability of facilities near home (e.g. grocery stores, bus/Skytrain stations, restaurants)

e Presence of children

In addition to these findings, Table 4.5 shows low prediction accuracy for Non-adopters. Most of
Non-adopters are predicted as Followers by the model, meaning that Non-adopters and
Followers share many characteristics. This finding also suggests that survey questions fail to
capture factors that lead respondents to self-identify into different groups. We turn to qualitative

responses to understand these differences in section 4.

Overall, Early Adopters are more distinctive than the rest of the respondents. They were more

likely to be at an early stage of forming an independent household.

In our analysis, presence of elderly household members was not selected as an explanatory
variable. However, we know that Early Adopters, on average, were far less likely to live with
elderly family members — see Table 4.2. We suspect the high correlation between resident
elderly and home ownership is why this feature of the household was not highlighted. 90% of
households with elderlies owned their home, while only 40% of households without elderlies
were owner-occupied. The exclusion of the length of residency in the model can be explained in
the same way. Two-thirds of respondents living at their current address for less than one year
were renters. Renter percentage falls to 21% for residence in the same location for longer than
three years. Therefore, Early Adopters are more likely to live in rental housings, as well as live
with fewer elderlies in the current unit for a shorter period of time. It should also be noted that
given double digit housing cost increases for nearly a decade and rent control, those living in the

same dwelling for longer were facing significantly lower housing costs.

Findings presented here are consistent with results from a previous study on the effect of CS on
vehicle ownership showing that moving households may have triggered car-shedding (Namazu
& Dowlatabadi, n.d.). As the estimated rent positively correlated with CS membership, we

suspect high housing costs in and around Metro Vancouver are contributing to a household
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budget crunch that cannot simultaneously sustain housing and private car ownership. CS could
be less a choice than a forced decision among Early Adopters. Available data and this analysis
are ill-equipped to answer whether Early Adopters’ use of CS crystallizes into a preference that
survives changing household circumstances. Longitudinal surveys, such as a panel study or
cross-comparisons with cities that have more affordable housing are required to explore this

critical question.

All buildings in this survey were located in areas with many facilities nearby, and easy access to
transit services. More specifically, all buildings had at least one bus stop within 800-meters, and
93% of the buildings had at least one grocery store within 800-meters. Thus, building level
amenities except the availability of on-site CS had no or weak explanatory power. Even for the
availability of on-site CS, the correlation with CS membership was not statistically significant (p
=0.11). This points to the possible need to conduct a follow-up survey targeting residential
settings with different neighbourhood level amenities as another potential differentiator of CS

adoption and use patterns.

4.4. Future CS Adopters

The previous section provided a quantitative assessment of differences between Early Adopters
of CS and others. In this section, we delve beyond the quantitative analysis and try to understand

Followers and Non-adopters.
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4.4.1. Non-adopters

Non-adopters were those who stated that they could not be motivated to join CS in any way.
Unfortunately, the survey questions did not explore the reasons for this directly. One measure of
their differential reliance on a personal vehicle is their high level of car ownership (over 90% of
Non-adopters were vehicle owners®'). While there is no direct evidence regarding reasons for not
joining CS, there is evidence about how Non-adopters rely on their vehicles. When asked if the
addition of any particular amenity near home or work would help them give up their car nearly
68% said no (71% said no to near work)(Table 4.2). The majority of Non-adopters provided
reasons why nothing could help them in shedding car ownership. We coded their verbal

reasoning based on keywords and concepts and present these here.

Figure 4.2 shows the coding results. Based on the keywords and their frequency of appearance,
we came up with four categories of car usage among Non-adopters: Cars for weekend trips, Cars
for work, Car enthusiasts, and Cars for transporting people/animals/materials. Table 4.6 shows
the detailed characteristics of each category along with some quotations from respondents’
comments. These categories are not mutually exclusive — some respondents belong to many

simultaneously.

! The percentages of car owners in each adoption group are 71%, 87%, and 93% for Early Adopters, Followers, and
Non-adopters, respectively. Chi-square test results suggest a relationship between vehicle ownership and adoption
groups (Early Adopters vs. Non-adopters: p<0.01, Early Adopters vs. Followers: p<0.01, Followers vs. Non-
adopters: p<0.01)
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Figure 4.2 Reasons why amenities near home/work do not help giving up cars for Non-adopters
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Table 4.6 Five categories in Non-adopters

Sub-group Characteristics
Cars for Explanation Already practicing lifestyle with multi-modal transportation, and using
weekend trips cars only for weekend trips.

Reasons why CS Because the main purpose of owning a car is to take long-distance trips,

doesn't work for them

and owning a car is a better option than using CS services for such trips.

Excerpt of reasons
why no amenities
near home/work help
giving up cars

“We do not use the car for commuting. One of us walks or transits to
work, the other cycles. The car is used to go to the country, for travelling,
and errands that involve large or heavy parcels ”

“Although I live beside a sky train station and use it regularly to get to
work in downtown Vancouver, my family members are scattered
throughout the Lower Mainland and other parts of this province.
Consequently, I will not give up my vehicle ”

Cars for work

Explanation

Using cars for commuting and/or their jobs.

Reasons why CS
doesn't work for them

Because CS is not convenient for commuting, carrying job-related tools or
frequent use. Round-trip CS requires users to return cars to the original
locations to finish trips, and one-way CS does not offer over 30min in-
advance vehicle reservation hence vehicle availability is always uncertain.

Excerpt of reasons
why no amenities
near home/work help
giving up cars

“My husband works off Marine in industrial areas where there is no
feasible transit so a car is a necessity.”

“We work in film and have a different location to go to almost every other
day. ex could be downtown one day then langley or maple ridge the other.
Work extra ordinary long hrs to much to take transit adds way too much
time to a already long day.”

“I'm a contractor, I need my truck for work. Can't fit a bunch of lumber,
tools and what not in a smart car or take on the bus...”

Car enthusiasts

Explanation

Car/driving lovers. Emotional attachments to cars/driving.

Reasons why CS
doesn't work for them

Because CS service does not satisfy their need, which is more than a
simple mobility that transports things from point A to point B.

Excerpt of reasons
why no amenities
near home/work help
giving up cars

>

“I am not getting rid of my car ! I do not care what you offer me.’

“too old but not yet old enough to give up my car”

»

“I wouldnot be willing to give up my vehicle under any circumstances.’

Cars for
transporting
people/materials

Explanation Having a demand to transport people and/or materials. These people and
materials to be transported often require special equipment
Reasons why CS Because it is difficult if not possible for them to receive the required

doesn't work for them

mobility service from CS.

Excerpt of reasons
why no amenities
near home/work help
giving up cars

“Transit service inconvenient for times/places I need to go. Need my own
vehicle to take care of disabled individuals who need rides to doctors in
and out of Vancouver Broadway area, UBC, Burnaby Hospital and 1
frequently go out to Abbotsford to care give for an elderly lady. None of
my clients could access transit due to their injuries or orientation issues.”

“We also have a one year old child; her safety is a priority and her child
seat is installed in our car and has been approved by the local fire
department. For us, the convenience of having a car is paramount. Time is
limited when you have young children, things take 2-3 times longer.
Having to seek out a car, carry my car seat with me, and a baby, and a
stroller, etc. does not make any sense. I do not have the time to take public
transit to places like Superstore.”

Roughly a quarter of respondents, and a third of the respondents without a CS membership

belonged to this Non-adopter group. Respondents typically offered multiple reasons for why
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there is no effective way to encourage them to substitute car ownership with other modes of
transportation. By exploring the meaning of vehicle ownership for people in this group, we found

multiple reasons why CS could not meet their mobility needs.

Beyond car enthusiasts who self-identify with owning cars, Non-adopters are not averse to
reducing vehicle dependency. However doing so involves provision of CS service features that
are currently inconsistent with efficient use of the CS fleet — e.g., booking one-way cars long in

advance of use.

4.4.2. Followers

Followers may become CS members if some improvements in the service are made. Out of total
2,011 valid survey responses, 1,019 responses belonged to this group. Within this group, 4.9%

had considered joining CS in the 12 months prior to the survey.

33% of Followers stated that should they adopt CS, it would help them reduce vehicle ownership.
This number is higher than the percentage of active CS users who shed their cars, reported by
other scholars (20-29%, (Cervero et al., 2007; Cervero & Tsai, 2004; Engel-Yan & Passmore,
2013; Katzev, 2003; Millard-Ball et al., 2005; Namazu & Dowlatabadi, 2015b)). This result
reflects the well documented bias between stated and revealed preferences (Loomis, 2011;

Wardman, 1988), and cannot be used to project the consequence of Followers joining CS.

If Followers are interested in joining CS, how could they be motivated to join up? Figure 4.3
shows amenities and improvements that encourage Followers to sign up. Followers are divided
into three groups in the figure: vehicle owners who may reduce vehicles after membership in CS,

vehicle owners who will not reduce vehicles, and non-vehicle owners.
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Figure 4.3: What amenities/improvements would motivate you to join CS?
(Answers by Followers, chi-square test results: p<0.01:**, p<0.05:*)

The top three amenities/improvements leading to further CS recruitments are the same for all

three groups:

e Availability of CS vehicles near home
e Lowering membership fees

e Lowering usage fees

The relative importance of these varies among the three Follower sub-groups. In order to attract
potential adopters who may substitute CS for private cars, increasing CS vehicle supply near
home is the key. Lowering financial barriers would motivate CS participation in general, but this
approach is more likely to attract people who use CS as an additional mobility, not substitutes for

private cars. Lowering initial investment would be most attractive to non-vehicle owners. In this
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case, CS might work as a gateway for vehicle ownership, in which non-vehicle owners

experience the convenience of using vehicles.

The survey asked about willingness to walk to CS locations, and the mode of transportation to
access CS locations. 20% of Followers answered that they are willing to walk up to 2 minutes,
and another 48% said up to 5 minutes, with the remainder willing to walk 10-15 minutes. These
results point to close proximity of CS being a significant factor in attracting membership among
Followers (Figure 4.3). Therefore, CS providers should seek to increase vehicle availability

within a 5-minute walk (about 400m) of new work or housing projects.

Figure 4.4 shows the modes of transportation that are (will be) used to access CS cars. The bars
in light grey are results from Followers showing how they expect to access CS cars if they join
the service. On the other hand, the bars in dark grey are results from CS users’*, who are already
using the service in the region. Multiple answers were allowed in this question. Walking was the
major mode of transportation for existing CS users. Followers (i.e. potential CS users) also
indicated a strong intention to walk to CS vehicles (though smaller than for existing users).
However, they expressed much stronger intention to use public transit to access CS cars than is
manifested in existing CS users, only a small number of whom actually use public transit to
access cars. If Followers are a distinct group from existing users and act as they reported,
providing CS locations close to public transit stations may be a unique approach to attract
Followers. However, the issue of stated preference needs to be addressed here as well. As Figure

4.4 shows, only a small number of current CS users use transit to access to CS cars.

*% The question of mode of transportation to access CS cars was only asked of Followers in the survey. However, the
exact same question was asked of CS users in a parallel survey, conducted in the same period of time in the same

region (Metro Vancouver, 2014b). The dark grey bars show the results from this parallel survey.
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Figure 4.4: Mode of transportation to access CS cars

The financial incentive is more likely to attract Followers who do not have an intention to reduce
vehicle ownership via CS participation. In addition, lowering initial CS participation cost seems
to have the highest possibility to attract non-vehicles owners, and for them CS could work as a
gateway for vehicle use/ownership. In order to maximize the effect of vehicle ownership
reduction by CS, the priority should be placed on increasing the supply of CS cars near home,

especially within 5 minutes walking distance.

4.5. Discussion and Summary

This study addressed two questions:

a) Examining whether early CS adopters are atypical of the general public; and,
b) Understanding characteristics and limits to further adoption of CS and the implications of

these on outcomes associated CS.

By analyzing over two thousand responses from residents of 110 apartment buildings in Metro
Vancouver, Canada, we found that Early Adopters are atypical of the general population and can
be statistically differentiated from those who have yet to become CS members. Early Adopters,

25% of the sample, tended to live in smaller and more expensive rental housing, have more
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employed family members, and own fewer cars. A second group, Followers are people who
professed an interest to join CS if it was offered at lower cost and with more vehicles within easy
access of their homes. This Follower group (50% of the sample) were difficult to distinguish
from the remaining 25% who stated that no changes in CS services would induce them to join a

CS service (Non-adopters).

Housing ownership status was one of the strongest differentiators between Early Adopters and
others. But this variable is highly correlated with length of residency at the current dwelling and
negatively correlated with presence of elderly people in the household. These findings suggest
that Early Adopters are more likely be at the early stage of establishing their households. Given
the very high cost of housing in the study region, early adoption of CS and car-shedding may be
a forced budgetary measure rather than a permanent lifestyle choice. The answer to this question
cannot be determined in the absence of corresponding research in regions where cost of living is

lower as well as longitudinal studies where household circumstances evolve.

The differentiating characteristics of Early Adopters suggest that the next tranche of CS adopters
(Followers) may use CS in a different way. Attracting this group to CS through lower cost
service or greater access to vehicles is unlikely to lead to the same pattern of vehicle ownership
shedding or VKT reduction. Followers are more likely to own houses with more bedrooms and
have elderly family members. The mobility of elderly household members alone could radically

reshape the patterns of access to and trips taken using CS.

Our findings also suggest that provision of more CS vehicles within easy access of Followers
will have the highest impact on car-shedding. Waiving membership fees is more likely to attract
non-vehicle owners. Many one-way CS service providers often offer free membership sign-ups.
Non-vehicle owners joining CS could mean increasing VKT, and may even motivate future
vehicle purchases with improved household financial status. Therefore, we emphasize the
necessity of longitudinal and detailed surveys of CS use and its evolution as membership rolls

grow. Future surveys should explore not only current but also latent effects of CS on societies.
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A quarter of survey participants were identified as Non-adopters. This group offered a narrative
explanation of practical and personal reasons why current CS systems are not able to satisfy their

mobility needs unless CS systems evolve in ways that are currently considered to be impractical.

Findings in this paper show Early Adopters to have household and trip characteristics that are
different to Followers, and Non-adopters. Early Adopters realized the expected benefits from CS.
However, how much of their choice to be CS members was due to supportive policies, versus a
forced decision vs. a lifestyle choice cannot be answered with the data in hand. Meanwhile,
policy makers and CS providers seek to swell the ranks of CS members in the hope of continuing
a track record of success in reduced car ownership, congestion and pollution. It is highly unlikely

that the manner in which Followers use CS will have the same impacts are Early Adopters.

This study sheds some light on what factors are critical to recruitment of future CS members,
However, much remains to be learned to inform public policies that can recruit CS members and

yield benefits in terms of reduced car ownership, congestion and pollution in our cities.

Future work suggested in the wake of this study is improvements in survey design and data
collection. The study sample was atypical of the general dwellings in the region. The targeted
buildings were newly built, were located within walking distance of amenities and over 90% had
one or more public transit stations nearby. Surveying people living in other neighbourhoods and

housings types is likely to highlight additional challenges in expansion of CS services.
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Chapter 5: Nudging for Responsible Carsharing: Using Behavioral

Economics to Change Transportation Behavior™

Chapter 2 and 3 revealed the potential benefits that CS can bring, and Chapter 4 showed the
future potential of CS that more people are expected to join CS in the future. Statistical analyses
in Chapter 4 also suggested that late adopters, who will join CS from now onwards, have
different demographics, lifestyles, and environments compared to that of early adopters.
Therefore, it is highly likely that early adopters and late adopters utilize CS services in different

ways.

The management of shared properties has been a challenging topic for a variety of scholars and
stakeholders. Managing CS vehicles is not an exception, and as newer and more diverse CS

members are expected, the management of CS fleets will be even more difficult.

This chapter focuses on this issue of asset management, and in particular, the lack of
responsibility among CS users. The novelties in this study are two-folds: the completion of a
series of field experiments to coax changes in transportation behavior, and the behavioural

economics approach taken in the experiments themselves.

5.1. Introduction

Standard economic theory assumes that humans behave in fully rational ways, hold stable and
consistent preferences, and are able to consider all possible options and make the best choice.
Since prospect theory (Kahneman & Tversky, 1979), behavioral economics emerged as a new
field, challenging basic assumptions of economic theories and providing a more valid model of

human behavior. Specifically, behavioral economics not only describes how people

33 A version of this chapter has been published as Namazu, M., Zhao, J., & Dowlatabadi, H. (n.d.). Nudging for
responsible carsharing: Using behavioral economics to change transportation behavior. Transportation,

Forthcoming.
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systematically deviate from predictions from standard economic theory, but also explains why
these deviations occur based on psychological principles. For example, models of behavioral
economics assume that human rationality is bounded, and despite having the best intentions,
people often behave in impulsive and myopic ways, lack self-control, have limited attention and
memory, and yield to social pressure (e.g., (Kahneman, 2003; Schultz, Nolan, Cialdini,

Goldstein, & Griskevicius, 2007; Simon, 1982; Thaler, 1980; Thaler & Shefrin, 1981)).

These psychological insights provide a deeper understanding of human behavior, and more
importantly, allow the development of simple, cost-effective interventions that can have large
impacts. These interventions, called nudges ((Sunstein, 2014; Thaler & Sunstein, 2009)), have
been designed to change behavior in a number of domains, such as medical adherence (Mahtani,
Heneghan, Glasziou, & R, 2011), physical exercise (Newton, Wiltshire, & Elley, 2009), healthy
eating (Wisdom, Downs, & Loewenstein, 2010), retirement savings (Thaler & Benartzi,
2004), energy consumption (Allcott & Mullainathan, 2010), voting (Nickerson & Rogers,
2010), and charitable donation (Slovic, Zionts, Woods, Goodman, & Jinks, 2011).

However, few nudges have been developed and tested in the field of transportation (Metcalfe &
Dolan, 2012). The overall goal of our current study is to demonstrate that principles of
behavioral economics can be used to design a nudge to change human behavior relevant to
transportation. To achieve this goal, we focused on carsharing as a case study, where a
randomized field experiment was conducted to examine the effects of a nudge on the behavior of

carsharing users.

One specific problem common to carsharing services is that the users often do not inspect the
vehicle before starting their trip, resulting in unreported damages to the vehicle and
compromising the vehicle and driver safety. Standard economic theory would suggest that the
failure to inspect the vehicle is due to a lack of knowledge about the benefits of inspection, or a
lack of awareness of the obligation to inspect. A behavioral economic view would suggest that
the failure of inspection is due to limitations in memory and attention, or external factors such as
being in a rush, but not due to a lack of knowledge or intention. We first conducted an

observation study and an interview to understand reasons for neglecting the inspection. As our
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interview suggests, most users are aware that it is their obligation to inspect the vehicle before

their trip, and yet they fail to inspect the car because of other reasons.

From a behavioral economic perspective, we developed a nudge in the form of a reminder card
placed on the windshield of the vehicle, in order to remind users to inspect the car before their
trip. A number of previous studies have suggested the benefits of reminders on behavior change.
For example, text message reminders increased the application for student aid among college
students by 12% (Castleman & Page, 2015); increased adherence to medication by over 10%
(Hardy et al., 2011; Pop-Eleches et al,, 2011; Vervloet, Linn, & van Weert, 2012); increased
savings by 6% (Karlan, McConnell, Mullainathan, & Zinman, 2016); and increased physical
activity by 26% (Newton et al., 2009).

5.2. A Case Study — Carsharing

Carsharing is a type of short-term car-rental service and has become increasingly popular over
the last few decades (Shaheen & Cohen, 2013a; 2013b). Carsharing was first launched in the
late 1940s in Switzerland (Shaheen et al., 1999), and has since then expanded to 27 countries
over five continents(University of California Berkeley Transportation Sustainability
Research Center, 2015b). In 2014, more than 1,600,000 users shared more than 24,000 vehicles
in North America alone (Shaheen & Cohen, 2014). This enormous growth accompanies
significant improvements in convenience, affordability, and flexibility in rental car usage (Brody

& Pureswaran, 2015; Lamberton & Rose, 2012; Rifkin, 2001).

One critical difference between carsharing and conventional car-rental is that carsharing is
entirely self serviced, including vehicle reservation, pick-up, and return. While conventional car-
rental services require customers to pick up cars at a staffed service office, most carsharing
vehicles are kept at unmanned locations where users pick-up and drop-off the vehicle without
any interaction with the carsharing organizations’ staff. This also means that when using a
carsharing vehicle, there is little provider monitoring to check on vehicle condition and attribute
damages, say from a collision during the use period, to the driver of record. Instead, most

carsharing organizations rely on users to inspect the vehicle before they begin their trip, and
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report pre-existing damage to the vehicle or self-report any damage that may have occurred

during their rental period (e.g., (car2go, 2015b; Zipcar, 2015).

Despite the shared responsibility and the absence of provider monitoring of vehicle condition in
carsharing, there is a lack of trust among carsharing members (Bardhi & Eckhardt, 2012). In
fact, carsharing organizations are struggling to make their users inspect cars and report damages
in a timely fashion. Modo, the first carsharing co-op in North America has repeatedly reminded
its members the necessity and importance of vehicle inspection and damage reporting (Modo the
Car Co-op, 2015b). The CEO of a carsharing company in Canada also stressed that the lack of
vehicle inspection and damage reporting can pose serious safety and security risks (C. Brown &
Winter, 2015). The lack of inspection makes it difficult to trace the specific driver who caused
the damage. The user obligation to inspect vehicles is one of the characteristics distinguishing
carsharing from car-renting services; however, this characteristic increases the difficulty in

managing carsharing service (Kahan, 2012).

Given this context, we apply principles of behavioral economics to nudge inspection behavior
among carsharing users. In this study, we focused on a one-way carsharing service provided by a
company called car2go. The car2go service was introduced in Vancouver, the study area, in 2011
(CNW canada Ltd., 2012). Car2go has three distinctive features: one-way rental, a two-seater
vehicle, and per-minute payment system. According to user instructions, the procedure for using
a car2go vehicle trips involve the following steps: (1) find a car2go vehicle; (2) place the
membership card on the card reader located on the windshield; (3) during the account activation
period which takes 15-20 seconds, inspect the vehicle by walking around all four sides of the
vehicle; (4) answer questions regarding the interior and exterior conditions of the car, and report
damages if found; and (5) start the trip. The importance of vehicle inspection before starting a
trip is explicitly stated on the user agreement (car2go, 2014b), and missing damage reports “can
result in that Member being held responsible for the repair or cleaning of the vehicle” (car2go,
2014b). Completing an inspection is beneficial for users in order to avoid safety issues and
being mistakenly charged for repairs. Rationally, users should be motivated to conduct the
inspection. However, the evidence reported below suggests that most users do not perform a

proper inspection prior to starting their trip.
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5.3. Pilot Studies

5.3.1. Observation Study

The observation was conducted at a designated parking area with 16 car2go vehicle spots at the
University of British Columbia (UBC) Vancouver campus. The observation occurred over 5 days
(October 22nd, 23rd, and 27th — 29th, 2014) during the morning and afternoon rush hour period
(8:00am — 9:00am, 3:30pm — 4:30pm). The rush hour period is determined by the data of vehicle
availability from car2go Vancouver’s website (car2go, 2014a). For each observation period, we
observed trips initiated by users at the parking area. The observation was conducted
surreptitiously from a distance to avoid any interaction with car2go users. In total we tracked
users’ inspection behavior of 34 trips. Among those, 23 trips were started without any inspection,
seven trips were started after an incomplete inspection (i.e., checking two or three sides of the
vehicle), and only four trips were started with a full inspection (i.e., checking all four sides of the
vehicle). In other words, 88% of the trips were started without a full inspection during the
observation period. The majority of those who did not conduct an inspection simply waited next

to the car during the 15-20 second account activation period.

5.3.2. Interview with Car2go Users

To better understand the poor inspection behavior, semi-structured interviews were conducted
with car2go users. The interviewees included 11 car2go users, including seven students and
faculty members at UBC (See Appendix B). The number of participants was determined based
on previous interview studies (Glaser & Strauss, 1971; Mason, 2010), and the fact that little
new opinion was gained after conducting 7-8 interviews. Each interview lasted 20 to 30 minutes
and the questions covered basic user information, such as length of membership, motivation to
join the service and frequency of usage. Interviewees were then questioned about their inspection

behavior prior to starting a trip on car2go.

Six out of 11 participants admitted that they usually omit inspection before starting trips. This
55% self-reported inspection omission is lower than that of the observation study (88%). An
interesting fact is that five out of six interviewees who omit an inspection on a regular basis

knew that the inspection is their obligation given the user agreement, and nonetheless, they often
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skip the inspection. Respondents C, and F’s responses are quoted below. Note that the interior

and exterior questions are answered through choosing smiley or frown faces.

Respondent C’s case

Interviewer: Do you remember how you answered the questions (of interior and exterior

conditions)?

Respondent C: Happy happy, every time. Just like done done done. [ wanna go, I wanna
go (...) There are two reasons why I hit happy happy. One is because usually everything

is totally fine (...) and the second one is just speed

(a short conversation between interviewer and respondent C)

Interviewer:  In that case do you check exterior before you start trip?

Respondent C: Never, [ never do that ... I totally should, but I never do that.

Respondent F’s case

Interviewer: Did you check outside (of the car)?

Respondent F: No I didn't walk around I just look around at the car before I get in and
think if there is anything noticeable. Say if [ rent a car, I walk around, and if there is a
bump on the car, or something, [ would take a photo and make sure that when I return it,
you know, they don’t debt me the damage that is already there. But I don’t do that with
car2go... Usually it's because I just want to get to somewhere faster and so probably to
protect myself, I should do that level, but I just don't... I just wanna go to sleep so I don’t

wanna inspect a car.
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In the both cases of respondent C and F, present-biased preference seemed to be the cause of the
lack of inspection. They were aware that they should do an inspection before using the service;
however, they did not. This gap in intention and action can be explained by assuming that
participants C and F evaluate saving time and skipping inspection is more valuable than avoiding
unnecessary charges and completing their responsibility to use the service. Another quote from

respondent E is shown below.
Respondent E’s case

Respondent E: "I think those questions are a bit weird. I don't know how many people is
gonna take time especially I don't really know if they are charging me for that time or

not. ... People are not gonna look around the car"
Interviewer: "Did you check the vehicle?"

Participant F: "No, I checked inside like fast, but I didn’t walk around especially since
they are charging me. ... I don’t think anybody is doing it"

In the case of respondent E, social norm seems to play a role. While the respondent did not know

the behavior of other users, s/he expected them to behave as he did — skipping an inspection.

In addition, none of the respondents skipping an inspection was aware of using the account
activation period (usually 15-20 seconds) to inspect the vehicle. Respondent E complained that
car2go charges for the time for inspection; however, in reality, s’he was given the time to
inspect, but was not aware of it. This could be explained by limited attention. For insurance,
respondent C’s saying, “I wanna go, [ wanna go” implies that s’he focused on starting the trip as
soon as possible. The pay-per-minute system of car2go may even make the user feel more rushed
and keen to start the trip immediately. On the other hand, respondent F seemed to be distracted

by the desire to go home and sleep.
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Given these interview results, we decided to design a simple reminder to conduct an inspection
before using a car2go vehicle. We believe that the reminder is practical and cost-effective, and

has a minimal impact on the image of car2go service.

5.4. Field Experiment

5.4.1. Nudge Design

We designed a reminder card as the visual prompt. The reminder card was 14 cm by 8 cm, and
said “Please INSPECT the car while waiting” (Figure 5.1). We explicitly mentioned “while
waiting” so that people realize the availability of time for inspection. Below this message we
invited participants to join a prize draw with a smiley face. This smiley face was printed as an
injunctive message showing that conducting an inspection is socially preferable. It is known that
using injunctive message along with a nudge is an effective way to minimize the boomerang
effect (Cabinet Office: Behavioural Insights Team, Department of Energy and Climate
Change, Communities and Local Government, 2011; Cialdini, Reno, & Kallgren, 1990;
Schultz et al., 2007). The red color of the text was to highlight the card on the blue and white
car2go vehicles. On the back of the card, a survey link was provided, and participants were
invited to take part in the survey about car2go to win a $30 Amazon gift card (Figure 5.2). This
reminder card was placed on the windshield of every car2go vehicle. Note that participants might
notice the objective of this study (motivating inspection) by reading the project title on the back
of the card. Because the reminder card already explicitly mentioned inspection, being aware of

the study objective was not problematic to the experiment.
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Please INSPECT

the car while waiting

Take this card and join a prize draw!
Check the back for details

Figure 5.1: A reminder card (actual scale) was designed as a visual prompt and was placed on the

windshield of every car2go vehicle in the experiment.

Car-sharing User Survey

Please join the 5 min survey through the link or QR code below.
One respondent will be awarded a $30 amazon.ca gift card.

If you have any questions please contact us;
Prof. Hadi Dowlatabadi: hadi.d@ubc.ca

Ms. Michiko Namazu: 778-388-1755 or
michiko.namazu@alumni.ubc.ca

Project title: Rental Car Inspection Study

Figure 5.2: The back of the reminder card.
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5.4.2. Field Experiment Procedure

We selected two car2go designated parking areas on the UBC campus for the field experiment
based on two criteria: 1) the availability of alternative transportation options, especially public
transit services, and 2) the size of parking area. The first criterion was set based on the
expectation that the accessibility to other transportation options would affect car2go usage
patterns. The second criterion was simply for maximizing the number of observable trips. One of
the two selected parking areas is the same as the one in observation study (hereafter referred to
as Location A). Location A is the largest car2go parking area on campus with space for 16
vehicles. This parking area is located at the Eastern gateway to the university campus and in
close proximity to almost all bus lines serving the campus. The other parking area (hereafter
referred to as Location B) has space for 12 vehicles. Location B is at the western-most parking

lot on campus and about 15-min walking distance from the bus services.

One location served as an intervention condition where each vehicle had the reminder card on
the windshield, while the other as a control condition where none of the vehicles had the
reminder card. To minimize the inherent differences between the two locations and external
weather factors, the two conditions alternated every day. For example, on day 1 Location A
served as the intervention condition and Location B as control, and on day 2 Location A was the

control condition and Location B was the intervention condition.

Most of car2go trips started after 12pm, and thus the user behavior was recorded by a remote
video camera in each location from 12pm to the time when there was no car2go vehicles left in
the parking area (around S5pm). This also means that in the intervention condition, the reminder
card was placed on the windshield of each vehicle at 12pm. The experiment was conducted every
day for four weeks (from March 2nd to March 27th 2015, excluding weekends®*). We did not
collect information about specific car2go users, however, we recorded their inspection

behavior>,

3 All trips observed on March 2™ were excluded due to a technical error in the video camera in Location A. Due to
factors outside our control, observations on Fridays ended at 4pm.
** The Video recordings are made using a low-resolution camera from a significant distance. The image is only just

clear enough to discern inspection behavior while being too blurred to identify individual users.
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5.4.3. Field Experiment Results and Discussion

A total of 979 trips were observed during the four weeks, where 684 trips were initiated at the
two locations, and 295 trips were terminated at the locations (Table 5.1). To examine whether
there were different usage patterns between the two locations, a two- way analysis of variance
(ANOVA) (location x weather conditions) was conducted. Weather was included because
weather condition is a major determinant of car2go service demand (car2go Vancouver, personal
communication, August 4th, 2014). The dependent measure was exhaustion time, which
indicates the time at which all car2go vehicles were taken out. This is one of the most direct
indicators of car2go vehicle usage. The analysis indicated that the time of vehicle exhaustion in
Location A was earlier than that in Location B (F(1,30)=6.14, p=.02, np2=.17); on average, the
supply of cars was exhausted in Location A by 4:24pm, and in location B by 5:19pm. There was
no main effect of weather (F(2,30)=1.94, p=.16, np2=.11) or an interaction (F(2,20)=.71, p=.50,
np2=.05). Although the weather effect was not statistically significant, cloudy and rainy weathers
hastened car exhaustion by 13 and 25 minutes for location A, and 34 and 98 minutes for location
B, respectively. We suspect that faster exhaustion rate in location B during inclement weather
may be due to the absence of a nearby public transit alternative (the closest bus terminal is a 15-

minute walk away).

Moreover, on average, in Location A, 24% of vehicles remained by 4pm and were all gone by
4:24pm, where in Location B, 54% of vehicles were still available at 4pm and all were taken by
5:19pm. We suspect that Location B users contained UBC employees, while Location A was
more widely used by younger student members>°. In the analyses reported below, we focused on
trips initiated by a single user who unlocked the car by swiping his or her membership card over
the card reader located on the windshield®’ (total 463 trips, 245 trips from Location A and 218

trips from Location B). Since the different patterns of use indicated that the users were two

*% This assumption is supported by the surveys completed on-line, but the self-selection aspects of the survey and
small response rates do not permit us to calculate a statistical significance.

37 A relatively new feature permits access to vehicles via users” mobile phones, but is not widely adopted.
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distinct populations at the two locations, we examined the result at the two locations

independently.

Table 5.1: Summary statistics of observed trips

Location A | Location B Total
Start 371 313 684
Total observed trips End 171 124 295
Total 542 437 979
Trips used for the Control 166 135 301
analysis (Single- Intervention 79 83 162
passenger trips) Total 245 218 463
Sunny 4:33 PM 6:05 PM 5:12 PM
Average vehicle Cloudy 4:20 PM 531PM | 5:01 PM
exhaustion time Rainy 4:08 PM 427PM | 4:18 PM
Total 4:24 PM 5:19PM | 4:00 PM

5.4.4. Online Survey

The back of the reminder card invited participation in an online survey. A total of 29

responses were submitted (location A: 12, location B: 17). Among the respondents, 35%

answered that they never or rarely inspect car2go vehicles, while more than 60% of the

respondents answered that they often inspect the vehicles. This self-reported inspection rate was

five times higher than the inspection rate observed in pilot study 1 and repeated during the first

week by the control group (12-13%). We suspect some shared traits lead people to take

responsibility to inspect their vehicles and participate in the survey.

According to the survey results, the top three reasons for skipping an inspection were: (1)

being in too much of a hurry (for 100% of the respondents), (2) believing that the cars are

usually fine (for 79% of the respondents), and (3) the lighting condition not being good enough
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to see (for 78% of the respondents). These results were consistent with the findings from the
interview. Since the sample size of the survey was small (n=29), survey results were used as

supplementary support for the experiment results.

5.5. Results

5.5.1. Behavioral Change by the Nudge

We examined the inspection behavior from video recordings in both the intervention and the
control conditions every day throughout four weeks. We characterized a “proper inspection” as
one in which the user walks around all four sides of the car before starting a trip. In each
condition, we computed the daily inspection rate as the ratio between trips started after a proper
inspection and the total number of trips in a given day. Daily inspection rates by condition and
location are summarized in Figure 5.3. The fluctuations seen in the figure are likely from
relatively small sample size. Overall, inspection rates in the intervention condition were:
Location A: M=.50, SD=.20, Location B: M=.40, SD=.16, while that in the control condition
were: Location A: M=.15, SD=.12, Location B: M=.24, SD=.16.

A two-way ANOVA comparing condition (intervention and control) and week (week 1 to 4) was
conducted for Location A and Location B separately to analyze the difference statistically. The
main effect of condition was found in Location A (F(1,11)=19.51, p=.001, np2=.64), while the
effect was marginal in Location B (F(1,11)=4.06, p=.07, np2=.27). There was no main effect of
week in either location (Location A: F(3,11)=.71, p=.56, np2=.16; Location B: F(3,11)=1.36,
p=31, np2=.27), or interaction (Location A: F(3,11)=.90, p=.47, np2=.20, Location B:
F(3,11)=.64, p=.61, np2=.15). The inspection rate in the intervention condition remained high
throughout the four-week period (week 1-2 vs. week 3-4, Location A: t(8)=.07, p=.41, d=.55,
Location B: t(7)=.14, p=.89, d=.09), suggesting that the effect of the intervention card was
persistent throughout the whole experiment period. On the other hand, while the inspection rate
in the control condition stayed almost constant in location A (week 1-2 vs. week 3-4: t(7)=.28,

p=.79, d=.18), Location B showed an increase in the inspection rate in the control condition in
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the last two weeks (week 1-2 vs. week 3-4: t(8)=2.37, p=.05, d=1.5). Although the difference
was marginal (p=.05), the effect size was large (d=1.5).
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Figure 5.3: Daily inspection rate by condition and location

The upward trend of the inspection rate in the control condition in location B may be driven by
learning effects in repeated users. Because the intervention and the control conditions alternated
between the two locations across days, the car2go users experienced the reminder card in
location B during intervention days, and continued to inspect the car in location B even in the
absence of the reminder card (control condition). This learning effect depends on the existence of
repeated car2go users in location B. Given factors, such as locational factors (Location B is less
exposed to the public so that probably not all car2go users know about the parking) and
relatively late vehicle exhaustion time (see Table 5.1), Location B is more likely to have

repeating users than Location A.
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5.5.2. Nudge Effect in Different Weather

Figure 5.4 presented results by weather conditions. When no intervention card was present, users
inspected more often in cloudy and rainy conditions than sunny condition (sunny vs rainy or
cloudy in the control condition: Location A: Chi-squared=5.51, p=.02, Location B: Chi-
squared=4.34, p=.04)*". This is opposite from the finding from the interview: interviewees listed
bad weather condition as a reason of inspection omission. One possible explanation here is that
user demographics may be different between sunny and rainy or cloudy days, because bad
weather can make car2go service more attractive compared to public transit services by
providing quick door-to-door mobility. Vehicle exhaustion time (in Table 5.1) supports this
argument: cloudy and rainy weather can hasten vehicle exhaustion time by between 13 and 98
minutes compared to sunny days. Taking into account the inspection result, occasional car2go
users, such as users who use car2go services only in rainy days, may inspect more often than

regular users.

When the reminder card was present, the inspection rate increased in all weather conditions
(sunny, cloudy, and rainy) in Location A (sunny: Chi-squared=12.70, p<.001, cloudy: Chi-
squared=3.25, p=.07, and rainy: Chi-squared=.94, p=.33). On the other hand, the effect was only
present in sunny condition in Location B (sunny: Chi-squared=9.15, p<.01, cloudy: Chi-
squared<.001, p=.99, rainy: Chi-squared=0, p=1.00)"’ (see Figure 5.4). One possible explanation
of this heterogeneity between the locations is that most of cloudy and rainy conditions were
observed during the last two weeks (52% and 96% of trips started in cloudy and rainy condition
were observed in the last two weeks). Since the inspection rate in the control condition increased
in the last two weeks in Location B, possibly due to the learning effect, the reminder card’s
effect can be weakened. Another possibility is the visibility of the card: Location B is hidden in

the middle of campus where there is less lighting, reducing the salience of the card.

¥ Multiple Chi-square tests were conducted since the sample size was not large enough to conduct a t-test.

3% Multiple Chi-square tests were conducted since the sample size was not large enough to conduct a t-test.
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Figure 5.4: Inspection rate by weather conditions. (Fp<.1, *p<.05, **p<.01)

5.5.3. Nudge Effect by Time

The time of trip initiation also brings interesting insights (see Figure 5.5). First of all, inspection
rate in the control condition is higher among users starting trips after 4 pm in both locations
(trips started before 4pm vs. after 4pm: Location A: Chi-squared=6.24, p=.01, Location B: Chi-
squared=4.43, p=.04). This may result from user demographic difference between before and
after 4 pm, because after 4pm trips were highly likely done by commuters returning from UBC
to their home. The result implies that those commuters tend to inspect more often than others. In
terms of the reminder card, it increased inspection at all times in Location A except after 4pm
trips (Location A: 12-2pm: Chi-squared=14.75, p<.001, 2-4pm: Chi-squared=11.27, p<.001, 4-
6pm: Chi-squared=.01, p=.94). The inspection rate of after 4pm trips decreased in the
intervention condition in Location A. One explanation is the small sample size: most cars were
taken out before 4pm at Location A, only 16 trips were observed after 4pm in the intervention
condition. In terms of Location B, the intervention card’s effect is positive but not statistically
significant (12-2pm: Chi-squared=.74, p=.74, 2-4pm: Chi-squared=1.28, p=.26, 4-6pm: Chi-
squared=1.49, p=.22).
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Figure 5.5: Inspection rate by time frame. (tp<.1, *p<.05, **p<.01)

5.6. General Discussion

The goal of the current study was to develop a nudge to motivate vehicle inspection in carsharing
users prior to starting their trip. In a randomized field experiment, a reminder card prompting
inspection was placed on the windshield of the vehicles in the intervention condition, whereas
there were no reminders in the control condition. We found that more users inspected the vehicle
in the presence of the reminder card than in the control condition (the overall inspection ratio
increased to 40-50% from 15-24%). This suggests that the developed nudge, visual reminder was
effective in promoting inspection behavior by directing users’ attention to the card and
facilitating immediate behavior change. Over four weeks, the inspection rate was consistently
higher in the intervention condition than in the control condition. This benefit remained the same
over time, suggesting that repeated exposures to the reminder card did not diminish the impact of
the intervention on inspection behavior. Finally, the external factors and user demographics
could affect the impact of the reminder card. Commuting users are likely to inspect more often
even without the intervention cards, and bad weather conditions seem to diminish the effect of

the reminder card especially in the more isolated location B. The users in location B continued to
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inspect the vehicles even in the absence of the reminder card in the last two weeks of the

experiment, suggesting a persistence effect of the intervention, especially for repeating users.

The benefit of the reminder card was both consistent and persistent in our experiment. However,
the overall inspection rate in the intervention condition was around 50%, meaning that only one
out of two users inspected the vehicle when the reminder card was present. Although this was a
significant improvement from the baseline inspection rate (12%), half of the users still did not
inspect the vehicle even in the presence of the reminder card. According to the online survey,
40% of the respondents answered that even with the reminder card, they still did not inspect the
car. This suggests that the lack of inspection was not driven solely by lack of attention or

forgetting, but by other factors as well.

Given this finding, how could we improve the nudge? A possible approach is to remind users of
the possibility of financial charge by omitting an inspection. For the users who did inspect the
vehicle, their motivation was to avoid unnecessary charges in case of previous damages.
Therefore, the nudge reminder card can be improved by stating: “Please inspect the car while
waiting. You may be mischarged”. However, such wording can negatively affect the image of

the car2go service.

Another possible approach is providing reward instead. For example, placing a sticker with a
code to one of car2go vehicles, and use it as a lucky sticker. Anyone who found the sticker and
report the correct code can get a reward or win a prize. This approach stimulates inspection by
not only financial motivation but also regret aversion (Kessler & Zhang, 2014). The lucky
sticker will not affect the outcome from skipping inspection; however, with the sticker, skipping
inspection may be a lost opportunity to win something. Since people feel stronger towards losing
than gaining (Tversky & Kahneman, 1991), this approach is likely to motivate people to inspect
more than simple reward system. A possible shortcoming from this approach is that the effect is
less likely to lead to persistent effect after the removal of the intervention (Kessler & Zhang,

2014).

Rather than implementing a nudge, there is a possibility to minimize the misbehavior by

improving customer service. In discussing our findings with frequent users of car2go, we also
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learned that the process of reporting damage can be very time-consuming. However, unlike
voluntary vehicle refueling, time spent reporting damage to the car is charged to users, rather
than leading to a credit on their account. This system might have discouraged users to conduct

inspections before starting trips.

Throughout the study, the effect of nudge was examined by a randomized field experiment. This
approach is more appropriate to examine the effect of a nudge compared to surveys and
simulations. However, natural field experiment in which participants do not know that they are
participating in an experiment may give a better environment to test the effect of a nudge, since
behavior may be affected by the awareness of being in an experiment. Conducting natural field
experiment, however, requires a more careful review of the study procedure in order to avoid any

violation of freedom of choice and privacy among potential survey participants.

In this study, we used carsharing as an example to apply behavioral economics to make changes
in people’s transportation related behavior. A small and simple reminder card could improve the
inspection behavior; the inspection ratio increased to 40-50% from 15-24%. In addition, the
reminder card seems to have a persistent effect in which behavioral change lasts even after the
removal of the nudge. This type of small nudge has a huge potential to be implemented in a
variety of cases in the field of transportation. We hope that the current study can motivate more

nudges to be designed and tested to improve a variety of issues in transportation systems.
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Chapter 6: Conclusion

6.1. Brief Summary of Each Chapter

6.1.1. Chapter 1: Introduction

This thesis explores the potential of carsharing (CS) services, a short-term membership-based car
rental service. The focus of this thesis lies on understanding how heterogeneity in CS and
members at different stages of its adoption in society shape its impacts on Greenhouse Gas
(GHG) emissions and car ownership. Past studies have two shortcomings: they do not
acknowledge the bias that could arise due to the keen interest of early adopters, and they did not
tease out the role of service type in observing outcomes of interest. This thesis consists of four
interrelated studies on CS’s: impacts on GHG emissions, effects on vehicle ownership, adoption
by different types of households, and managing members in active participation in inspection of
shared vehicles. All of these studies represent contributions, both in data and methods, to the

existing literature.

6.1.2. Chapter 2: Characterizing the GHG Emission Impacts of Car-sharing

Chapter 2 examined use of CS as a mitigation measure against climate change. This study is not
the first to discuss the GHG reduction effects of CS. Multiple scholars have reported positive
environmental effects caused by CS (see for example, (Loose, 2010; Martin & Shaheen, 2011a)).
The novelty of this study is the attention paid to the factors and contexts through which CS
impacts are realized. This approach allows understanding the fundamental causes of CS’s

environmental benefits and quantifying them.

This scenario modeling study revealed that joining CS and switching from private cars to CS
vehicles have a potential to cut GHGs by over 30% without changing travel behaviour. This is
feasible because CS services provide 1) access to newer and more efficient cars, and 2)
opportunities to optimize vehicle size/features. For example, the average vintage of private cars
in Canada is 11 years ((The Motor Vehicle Sales Authority of British Columbia, 2014)) while
that of CS cars is 3 years ((Modo the Car Co-op, 2015a)). Most CS operators offer compact

vehicles and hybrid engine vehicles. Some operators even provide full electric vehicles too
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(Kannstatter & Meerschiff, 2015; Kawgan-Kagan, 2014). In addition, using cars through CS
service platforms mean that users have a chance to select a car every time they use the service.
People often buy oversized cars with more than necessary horsepower for occasional trips. For
example, how many people actually need pick-trucks to go for grocery shopping? Are SUVs
needed to escort children? By having access to various cars instead of owning one specific car,
users benefit from optimizing the choice of cars according to their trip purpose. If this shift from
privately owned cars to CS cars is realized along with changes in mode of transportation (e.g.
switching from driving to public transit for commuting trips), up to 50% of the total

transportation related GHGs could be cut.

These findings suggest a huge potential of CS as a measure to mitigate climate change impacts.
However, one critical question rising here is whether CS could be used as a substitute for private

cars.

6.1.3. Chapter 3: Vehicle Ownership Reduction: A Comparison of One-way and Two-way
Carsharing Systems

Chapter 3 explored the potential of CS as an alternative to private cars, and reduced dependency
on vehicle ownership. Given the shortcomings found in existing studies, the study placed its
focus on understanding the relationship between CS service types and vehicle ownership: the
difference between CS services offering a one-way (free-floating) service utilizing 2-seaters
(Car2go) and a two-way service utilizing a range of vehicles (Modo). An analysis of over 3,000
survey responses from CS users in Vancouver shows that users of both Car2go and Modo
reduced vehicle ownership after joining a CS service. However, the reduction level differed by
CS type; Modo members were close to five times more likely to reduce car ownership compared
to Car2go only users. Results also suggest that the two services are used differently. Car2go
users utilize the service as a complement to other modes of transportation including: taking
transit/taxi, and using pre-owned private cars. In other words, Car2go is an additional option to
make their multi-modal travels easier and more convenient. On the other hand, Modo is more
likely to be used as the substitute for private car ownership. A further analysis about the possible
measures taken under the service termination suggest that CS services have been substituting
mobility services previously supplied by private vehicles. Though a careful attention needs to be

paid that stated preferences often differ from actual behaviour, the intention to gain a vehicle
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under the service termination was strongest among users who had both memberships. These
findings suggest that the two services are not rivals but complements providing different
mobility services. One, internally consistent interpretation of the survey results is that Modo
substitutes private vehicle ownership, and Car2go eases a lifestyle with restricted access to

private vehicles.

6.1.4. Chapter 4: Is Carsharing for Everyone? Understanding the Diffusion of Carsharing
Services

Chapter 2 and 3 showed the positive potential of CS as a method to reduce GHGs and vehicle
dependency. These benefits could be multiplied when more people start using CS services.
However, extrapolating early adopter outcomes to broader adoption of CS may be misguided.
Only a fraction of the whole population has adopted CS, and these service users may be atypical
of the broader population in their trip patterns, vehicle usage, preferences, decision-making and
economic means. The feasibility of projecting impacts of CS when the service is more broadly
adopted depends on whether early adopters are representative of the general population. This
chapter explores the question of whether the household characteristics of early adopters, those
indicating an interest in possibility becoming members and those who profess to no interest in
CS are distinct types of households with potentially different patterns of CS use and impacts

therefrom.

Over 2,000 responses from residents living in 110 apartment buildings in Metro Vancouver were
analyzed for this study. Based on the survey results, a quarter of the residents were already
members of at least one CS service, a half could be persuaded to become members under
appropriate conditions, and a quarter were convinced that all else being constant, CS would not
meet their mobility needs. The study found that survey respondents with CS memberships had
unique characteristics compared to respondents without CS membership, suggesting that early
adopters are not representative of the general public. In addition, the regression analyses showed
that early CS adopters (respondents with CS memberships) and potential CS adopters
(respondents with an interest to join CS) are dissimilar in both demographics and living
environments. These findings suggest that future CS adopters are likely to use CS differently
from early adopters, meaning that environmental impacts and vehicle ownership reduction

observed among early adopters might not be seen among coming adopters. For instance, the
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vehicle ownership reduction effect reported by other researchers using a 2016 survey when CS
was more broadly adopted (Martin & Shaheen, 2016) was much smaller than the vehicle

ownership reduction effect found in Chapter 3 which is based on a 2013 survey.

6.1.5. Chapter 5: Nudging for Responsible Carsharing: Using Behavioural Economics to
Chang Transportation Behaviour

The management of shared properties has been the focus of many scholars (e.g., natural resource
management, tragedy of commons, etc.). Managing CS vehicles is no exception, and as more

new and diverse CS members are expected, the management of CS fleet can be expected to
become even more difficult. However, the low overhead of CS is only possible because “policing”

is part of the CS providers’ contract with their members.

This chapter focuses on this management issue, in particular, the lackadaisical attitude of
members toward reporting accidents and damage to vehicles and inspection of vehicles before
they begin their trip(s). The novelties in this study are two-folds: the completion of a series of
field experiments to make changes in member behavior, and the nudging techniques, learned

from behavioural economics, used in the experiments.

Pilot studies revealed that close to 90% of users of a CS service did not conduct the mandatory
vehicle inspection prior to starting their trip. This inspection process is critical to track any
vehicle damages and drivers who are responsible for that, and to detect vehicle malfunctions in a
timely fashion — keeping them safe. Interviewing users of the service suggested that the majority
of users were aware of the importance and responsibility to conduct an inspection; however, they

rarely practiced it.

Resource management literature suggests two conventional approaches to tackle the issues in
shared property managements: external regulation (Hardin, 1968) and communal constraint
(Ostrom, 1999). However, neither of them works in this context since the external regulation
approach has a risk to damage brand images and existing studies show that communal constraint

approach has a slight effect among CS users (Bardhi & Eckhardt, 2012; Schaefers et al., 2015).

This study took the third approach, information provision (e.g. nudge and reminder). The field

experiment proved the positive effect of this approach. With a reminder card suggesting there is
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more than enough time to inspect the vehicle before it is opened remotely. This simple approach
doubled the rate of vehicle inspection: the observed inspection rate increased from 15-24% to 40-

50%. More importantly, the effect persisted after the reminder cards were removed from vehicles.

This reminder card approach was apparently effective; however, it was not effective enough to
eliminate all irresponsible behaviour. About a half of the study participants still did not conduct a

vehicle inspection even with the reminder cards.

6.2. Discussion

Findings from Chapter 2 and 3 suggest the potential of CS to positively contribute to reduce
GHG emissions and vehicle dependency. Without making changes in travel behaviour, switching
from privately owned cars to CS cars can reduce GHG emissions by 30% because CS services
offer more fuel-efficient cars, and also provide a chance to optimize function and size of a car. If
the mode shift from driving to taking public transit is also considered, up to 50% of the
transportation related GHG emissions could be cut. In addition, findings from Chapter 3 suggest
that CS users reduced vehicle ownership after joining the service, and one CS car had a potential
to replace multiple privately owned cars. However, this does not mean that CS promises to

always provide these benefits to everyone.

As Chapter 4 clarified, the positive effects found among early adopters do not guarantee that the
same effects would be realized among coming adopters (late adopters). This is the one of the two
primary findings from this thesis: the dynamics of CS service diffusion process. The GHG
emission cut quantified in Chapter 2 is conditional to the usage of CS services. Over 50% of
transportation related GHGs could be cut by CS services under the condition where CS services
are used as an alternative to private cars and some of trips are done by public transit instead of
driving. If CS services are used as an additional mobility and hence increase vehicle kilometre
travelled (VKT), CS can increase GHG emissions. Existing studies have reported that a certain
number of early adopters utilized CS as an alternative to private cars and also a motivator to use
public transit. Therefore, the reported net effects of CS have been positive in many empirical

studies. However, findings from Chapter 4 suggest that early adopters of CS are atypical of the
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general public in many individual and household characteristics. Early adopters are more likely
to live in smaller and more expensive rental housings, have fewer household members with more
family members employed. They are also likely to own fewer cars. It is highly likely that the
roles and meanings of CS for potential adopters are different from that for early adopters. As CS
services continue to expand through the broader population, their environmental impacts will
continue to evolve. As the adoption stage matures, the usage and roles of CS would be changing

hence the effects.

The second primary findings of this thesis, the importance of heterogeneity between CS services,
was explored in chapter 3 showing that Modo and Car2go differ in their impact on car ownership.
Unfortunately, there is insufficient heterogeneity to specify factors causing this differences in
impacts: Car2go and Modo are different in many ways (e.g. one-way and round-trip service
styles, by-minute or by-hour rental, low or high cost of membership, or different types of
vehicles). However, Chapter 3 confirms that the heterogeneities among CS services affect how
the services are utilized; hence what kind of effects the CS services bring to society. The
diversity in CS services is expected to increase since there are more technologies to come.
Within a few years, connected vehicles, self-driving technologies and advanced battery
technologies are expected to be prevalent. The evolution of CS will continue with merging of
these technologies. The roles, usage, users and service styles of CS services will change along
with the technology innovations. Stakeholders often generalize various CS services as CS;
however, the heterogeneities will need a more careful attention and specifically tailored policies

in order to ensure CS impacts continue to align with sound urban transport policy.

These dynamic changes will affect how CS services should be maintained. CS services have
been facing challenging issues, such as managing shared properties as discussed in Chapter 5.
Chapter 5 succeeded to provide a possible countermeasure to deal with irresponsible use of CS.
However, this solution does not eliminate all misbehaviors among CS users. Issues in managing
shared properties may become even more difficult in the future with more diverse users and CS

service models.
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6.3. Policy Implication

CS service providers, scholars and policy makers need to be sensitive to evolution dynamics and
heterogeneities in CS services. In particular, policies around CS need to be appropriately
modified as CS services mature. For instance, in most cities, various CS services are regulated
under a single set of rules, for example, all CS vehicles could be parked at residential only
parking zones in the City of Vancouver free of charge. The City of Vancouver’s justification is
that CS contributes to make the city green, which is coherent with thevfindings from Chapter 2;
up to 50% of GHG could be cut by using CS services. However, Chapter 3 found that two CS
services in the city, Modo and Car2go, had different effects on vehicle ownership reduction, and
highly likely, provide different types of mobility services. Moreover, because of its one-way
service features, Car2go cars often occupy residential only parking spaces while this rarely
happens to Modo cars because the cars need to be returned to specific Modo only parking spaces.
When the first set of rules were established to organize CS services, there was less need to
consider these differences among CS services. However, as services mature, the heterogeneity in
CS service models has grown. The same thing has happened to the CS user population. As CS
adoption stage proceeds, more diverse user characteristics are expected. As discussed in Chapter
4, it is highly likely that coming CS adopters are different from early adopters, and for them, CS
may play a different role. In order to maximize social and environmental benefits gained via CS,
appropriately updating regulations is critical. This timely policy making requires cooperation
with CS service providers and scholars. They are able to collectively play a critical role to update

the practical effects that CS services are providing to society.

The second implication is the findings about the relationship between financial condition and
mobility choice. Overall findings from this thesis suggest that there is a strong correlation
between CS participation and financial constraints. The results of analyses in Chapter 3 show
that financial motivation had the strongest explanatory power to determine CS users who shed a
car after joining the service. Chapter 4 found that Early Adopters of CS tend to live in smaller
and more expensive rental housing for a shorter period of time, have more employed family
members but fewer elderly members, and own fewer cars. These characteristics suggest that
early CS adopters are more likely the newly established households. Considering the very high

cost of housing in the study region (typical of other major cities with high CS adoption rates),
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substitution of private car ownership by CS service may be a budgetary imperative rather than a
lifestyle choice. If this is the case, it is policy makers’ responsibility to make sure that CS is and
will provide required mobility services without suffering quality of life. Moreover, policy makers
need to be aware that better economic times and changing demographics may reverse recent
trends in car-ownership reductions and the continued impacts of CS may depend on factors

outside their control.

6.4. Research Limitations

Two major research limitations need to be addressed; cross-sectional studies and insufficient data.
Both Chapter 3 and Chapter 4 are based on responses from cross-sectional surveys. Conducting a
survey about CS is an innovative and important step to understand the effects of CS on societies.
However, analyses based on a one-time survey targeting a certain population has a high risk of
having various bias issues. In particular, it is significantly difficult, if possible, to statistically
prove causal relationships among events and findings based on a cross-sectional study. [ am
aware of this issue, and made an effort to explicitly note that on every points and studies where
biases could affect results and their interpretation, as clear as possible. Even so, this is one of the
major limitations in my thesis. Another major limitation is data accessibility. This is the first
approach to quantitatively understand the effects of CS in the region. Because there was no prior
studies or networks to rely on, the resources which I had access to was not abundant. This
difficulty resulted in relying on assumptions and expert judgements when quantitative data is not
accessible. As I discuss further in the next section, developing a better resource and data sharing
environment would accelerate more detailed studies not only in CS studies but also other

transportation studies.

6.5. Future Research

Few long-term studies (e.g. panel studies and serial surveys) on CS services are underway or
have been conducted. In order to understand up-to-date effects and meaning of CS to society,

these long-term studies are crucial. For example, findings from Chapter 4 suggest the
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discrepancy between early adopters and late adopters. Moreover, findings from Chapter 5
suggest the current difficulties of managing shared properties; as the diffusion of CS services
progresses, will the management be more challenging? The conduction of long-term studies is
required to answer these questions. With these forward-looking studies, regular reconsideration

of existing policies would be more feasible and practical.

Another question is whether CS is chosen as an active preference or passive necessity. This
thesis found that financial condition is one of the strongest reasons why people substitute private
cars by CS cars (Chapter 3). CS users may choose to give up owning cars because of limited
financial budget. More studies are required to clarify what is the true cause of this rapid CS

service growth, and whether this trend persists.

The bias in existing studies is another point to be further explored. The majority of existing
studies place their focus on people who already adopted to CS, and not the others. Analyses in
Chapter 4 found that there are certain number of people who claim CS is not an option for them,
because of personal preference, physical accessibility issues, and specific mobility needs to be
satisfied. There are a certain population who are not familiar with CS system as well even though
the service is physically accessible to them. These people, who are unable to receive benefits
from CS services, may need other or additional supports. For example, by equipping child seats
in CS vehicles, increasing the availability of wheelchair accessible vehicles, and expanding one-

way CS service area, some of these excluded population may be able to receive benefits from CS.

Another set of biases in sampling and stated preference needs to be addressed as well. Most
existing studies use voluntary surveys asking opinions about CS. It is highly likely that
participants of such surveys are overrepresented by active CS advocates. In addition, stated
preference rarely matches with the actual behaviour; humans are rarely able to predict their
future behaviour, and they often report false information. Findings from data with these biases
involves a high risk to be misleading. Further efforts need to be made to overcome or minimize
the effects of these sampling and stated preference biases. Conducting field experiments like the
study in Chapter 5, is one effective approach to capture the real behaviour of participants without

biases of stated preferences.
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Last but not least, active knowledge sharing among three stakeholders (policy makers, CS
providers, and scholars) would bring further benefits to all. Currently, each of stakeholders have
a skewed interest to solely pursue their own benefits within their fields. Individuals within one
stakeholder category also have different interests and rarely share knowledge openly within the
category. As the serial studies in this thesis confirmed, it is unquestionable that CS has a huge
potential to bring positive benefits to societies. However, this thesis also found a critical issue;
how much of this potential could be realized, is open to questions. As CS carries the word of
“sharing”, if stakeholders in this field could built a better collaborative “sharing” environment, a

large part of the potential of CS may be feasible.
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Appendices

Appendix A: Travel Behaviour by Household Type

We assumed trip frequencies by trip purpose, travel distance and transportation mode for each
household type in order to accurately assume CO, emissions. In order to assume such detailed
travel behaviour, we presumed 1) the frequency distribution of trips by trip distance and purpose,
and 2) transportation mode share by household type, trip purpose and travel distance. Metro
Vancouver Trip Diary Survey 2011 (Ipsos Reid, 2012) is the main source to develop the travel
behaviour. Since the Trip Diary data is not detailed enough, we made the following adjustments;
first of all, travel patterns of household with children, household without children, and retiree
household were adopted from travel patterns of households with grade-school or pre-school aged
children, households without grade-school or pre-school aged children, and over 65 years old
elderly residents. We also took into account the dissimilarities of trip behaviour between
weekday and weekend. The Trip Diary examined trips on a weekday (Ipsos Reid, 2012), and it is
known that there is about 10% decrease of trip frequency during weekend compared to weekday
(Agarwal, 2004). The reductions in commuting and escorting trips are likely key reasons for this
observation. We assumed that during weekend, work/post-secondary trips were eliminated, and
the frequencies of the other trips were adjusted to satisfy a 10% decrease of the total trip

frequency. The assumed travel behaviour is summarized in Appendix1 and Appendix2.
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Figure A.1: Trip distance distribution by travel purpose. This distribution was commonly used

for all household types.
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Figure A.2: Transportation mode share by travel distance. Different transportation mode shares
were assumed for each household in the calculation. This graph shows the averaged share.
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Appendix B: List of Interview Participant and Answers (Chapter 5)

Table B.1: List of interview participant and answers

Gen- Occupa- Member-  Frequency of . Reasons of no Reasons of
ID . . Inspection . . . .
der tion ship usage mspection inspection
A F Student Dy 2-3/wk. (win.), No Laziness, assuming NA
1/mo. (sum.) the cars are fine
B F  Student 10mo. 1/wk. Yes NA No explicit
(always) information
Being in a hurry,
C F Student 2 yr. 2-3/month No assuming the cars are NA
fine, laziness
D F Faculty 2 yr. Various Yes (often) Weather condition N N exph'c1t
information
M Student 5 mo. 2/mo. (win.) No Minimizing costs NA
2011-12: I/wk. Being in a hurry,
FooMo Swdent 4yt 5613.14: 1/mo. No laziness NA
Laziness,
G M  Working 3 mo. 1/mo. No misunderstanding of NA
responsibility
. Yes Avoiding
H M Working 2 yr. 1-2/mo. (always) NA charge
I F Student 1-2 mo. 1-2/mo. No Being in a hurry NA
. Yes Avoiding
J M Working 2 yr. S/wk. (always) NA charge
K M  Working 1 yr. 1/2 wk. Yes NA ASTOIGY
(always) charge

Appendix C: Sharing is Caring?

Preamble

My thesis explores the meaning and role of carsharing, which is a type of the services often

called sharing economy. This appendix gives a brief introduction to the sharing economy. With
an understanding of the broader picture of these gaining-in-popularity services, the serial studies

done for the thesis could be read as a case study of the sharing economy services.
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Sharing Economy

The term “sharing economy” denotes an economy where members share goods, especially
durable goods via Information Communication Technologies (ICT) based platforms so that
ownership is not required to receive benefits from these goods (Hamari, Sjoklint, & Ukkonen,
2015; Schor, 2014). Carsharing services like Zipcar and car2go or tool-sharing services like the
Vancouver Tool Library are good examples; in these sharing services, cars/tools are collectively
owned and used by members. Sharing economy services also include ride-sharing services like
Vanpools and space-sharing services like Airbnb. These services may enhance and/or promote
the efficient use of goods. For instance, 95% of the time, cars are not in-use (Knack, 2005), and
over 75% of commuting trips are done by single occupancy vehicles with empty seats (US
Census Bureau, 2011). These wastes are seen not only among cars but also other tools. Up to 50
million electric drills are claimed to be unused (Botsman & Rogers, 2011). A great increase of
usage efficiency could be realized via sharing economy services if the service demand stays

constant.

The idea of focusing on services instead of goods to optimize their usage is not a new idea; the
idea itself was already discussed by marketing theorists in the 1970s (Obenberger & Brown,
1976; Schrader, 1999). At that time, however, the idea was not practical enough to attract the
critical mass. After more than a decade, the barrier began to lower by integrating ICT
technologies. The matching of users and providers of goods has become significantly easier and
cheaper to realize, thanks to these ICTs such as the Internet, smartphones, GPS and credit card

technologies.

Given those understandings, below is a summary of the common features that are often seen in

sharing economy services:

e Membership requirements: To be a member of the service or “sharing community” is
required

e Sharing: Capital goods to be shared are collectively owned, maintained or used by
members

¢ Online payment requirements: Payments are done via online payment systems (e.g. credit

card, PayPal, etc.)

137



o Self-service base: Fewer interactions between property users and owners are required

While a wide range of sharing economy services are available at this time (see for example
Collaborative Consumption, 2015; Forbs, 2015), they can all be classified into two broad
categories: a) peer-to-peer and b) business-to-peer. In peer-to-peer style services, owners and
renters are matched via sharing service platforms. Room/house rental services like Airbnb, peer-
to-peer CS services like Turo (formally known as RelayRides) and Getaround are examples in
this space. In addition to this, ride-sharing services like Uber and Lyft are also considered to be
included in this model, although referring to their services as “ride-sharing” has been criticized

by some observers (see for example Dreher, 2015).

On the other hand, in business-to-peer style services, organizations offering sharing services are
the owners of capital goods they offer for rent using various ITC platforms. Standard CS services,
like Zipcar and Car2go, bike-sharing services like Citi Bike and Bixi, and tool rental services,

like the Vancouver Tool Library are prominent exemplars of this business model.

Whatever types these services are classified into, most of these sharing economy services share a
core trend: a remarkable growth. Every night, eight years old space-sharing service, Airbnb
serves places to stay for 425,000 guests (PricewaterhouseCoopers, 2015). Close to 5 million
members have been receiving benefits from CS services worldwide (Shaheen & Cohen, 2016).
Researchers at PricewaterhouseCoopers estimated that the sharing economy market was roughly
15 billion USD in 2014, and would grow to 335 billion USD by 2025 (PricewaterhouseCoopers,
2015).

Sharing as a Brand

These so-called “sharing economies” are often misleadingly mentioned as the symbol of a more
collective and communal economy. For sharing economy advocates, the economy enhances
mutual interactions and caring between individuals (Botsman & Rogers, 2011). Conventional
sharing activities, like sharing goods among family, are supposed to be altruistic and pro-social
with shared responsibilities and ownership (Belk, 2010). On the other hand, sharing economy
services normally involve reciprocity, particularly for market exchanges and money trading. As a

result, sharing economy services are rarely associated with shared responsibilities and ownership
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(Bardhi & Eckhardt, 2012). From this perspective, sharing economy services share their

foundation more with renting services, rather than conventional sharing.
Here is a notable quote from Durgee (1995):

“interestingly, because of the negative connotation that renting has in certain population
segments, boutiques that offer evening gowns for rent do not refer to them as rented gowns but

rather as borrowed gowns” (Durgee & Colarelli O'Connor, 1995, p. 91)

This exact same phenomenon is happening again with sharing economies, and renting is being
branded as sharing in order to separate itself from the negative connotations often associated

with the concept of renting.

The practice of renting capital goods is a relatively core concept of human society. Humans have
used the mechanism of renting since the beginning of their civilizations. In fact, Hammurabi’s
Code, which is one of the oldest sets of laws in the world developed around B.C. 1700, already
legislates land leasing. At that time, peasants were renting land to cultivate, by paying fees to the
owners, like some do now for their living spaces. This means that renting, or in other words,
access without ownership, was oriented in its infancy to deal with considerably expensive capital

goods, such as land and housing.

Renting systems, however, have since expanded to include a wider range of capital goods,
especially from the late 20™ century onward. The fuels of more recent trends are (Durgee, 1984;

Durgee & Colarelli O'Connor, 1995):

1) Movement towards more unique and transitory lifestyle
2) Recent economic situations with more uncertainties
3) ICT innovations, and

4) Stronger preferences for convenience

Some of these expanded renting services are branded as “sharing economy” services.
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Effect of Sharing Economy Services

The rising popularity of the sharing economy is forecasted to persist for some time (Botsman &
Rogers, 2011; Brody & Pureswaran, 2015; Mdhlmann, 2015; Ritkin, 2001). However, it is
important to note that their recent boom was also concurrent with the deepest economic recession
experienced in seven decades. Therefore, it may still be too early to know whether trends like
sustainability and frugality become the new social norms and renting will become a virtue rather
than a stigma. If such services become more popular and abundant, what are their social
impacts? For example, who are the main users of sharing economy services? Do these services
shrink the gap between rich and poor? What about the environmental impacts of sharing
services? Theoretically speaking, in the absence of a Jevons’ Paradox (Jevons, 1865), sharing
services are likely to contribute to lower Greenhouse Gases and other pollutant emissions.
However in practice, if a rebound in demand were to occur, what would be the overall change in
environmental externalities associated with consuming these services? Is using shared goods the
same as using private goods? Using goods that are “mine” seems to be different from using
goods that are “yours” or “ours”. How do these differences affect the usage and treatment of

shared goods?

Though my thesis, focusing on CS, one of many sharing economy services, successfully

answered some of the questions listed above, many of the questions are yet to be answered.
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