THE SHARED VEHICLE FLEET

A Study of Its Impact Upon Accessibility and Vehicle Ownership

By Patrick S. McCarthy

INTRODUCTION

During the late 1960s and early 1970s, the main concern in transport focused upon
traffic congestion, and non-price policies designed to reduce it were constantly being
proposed.

These strategies could be broadly classified into two groups: those attempting to
divert travellers to public transit vehicles, including a host of paratransit alternatives
such as dial-a-ride, jitneys, etc.; and those attempting to increase the overall flow of
traffic, including contra flow traffic, exclusive bus and carpool lanes, and signals
placed at limited access points (Meyer and Gomez-Ibanez, 1981; Dalvi, 1979; Morris,
Dumble and Wigan, 1979).

Since these policies have not led to the expected increases either in the use of public
transport or in the flow of traffic, transport researchers have begun to focus not upon
the travel vehicle but rather upon the traveller himself. Thus there has occurred a shift
of emphasis away from vehicle flow and towards personal mobility. Similarly, rather
than stressing traffic congestion, they are now concerned to improve accessibility
(Wilson, 1972).

The emphasis on people rather than on vehiclular movement draws attention to the
behaviour of travellers. Ad hoc policies designed to increase vehicle flow may be
effective in the short run. In the longer run, however, these policies may break down if
they are not founded upon a theory of travel behaviour. Stressing personal mobility,
on the other hand, enables one to focus upon the behavioural aspect of travelling and
to develop theories which highlight the main determinants of people’s activities. In
addition, reorientation towards personal mobility points to the individual traveller, or
household, as the relevant unit of analysis; this minimises the lack of information and
alleviates other problems common to aggregate analyses.

Whereas previous interest concentrated upon the characteristics of transport
systems, including network capacity and travel speeds, the shift in emphasis from
traffic congestion to accessibility also encompasses the use of land. The transport
infrastructure is not a closed entity with characteristics independent of other activities
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in the region (Hansen, 1977). Implementation of policies which affect a transport
system’s characteristics will also have repercussions upon the location of residences,
firms, commercial activities, and so forth. This will feed back upon the transport
system and, to a greater or lesser degree, change its characteristics. Thus, accessibility
covers both transport and land use in an area, and recognises that they are highly
interdependent. Also, accessibility has a distributional character based on the principle
that each individual should have access to various activities (Wilson, 1972). This in
turn suggests that accessibility is not specific to a given mode or destination, but rather
that it varies from one individual to another even if each person travels to the same
destination by the same mode and from the same origin (Ben-Akiva and Lerman,
1979).

An example of the interest in accessibility is the recent research on the efficient use
of a household’s stock of vehicles (Sparrow et al., 1981; Garrison and Clark, 1977). A
common characteristic of vehicular travel in the United States is excess capacity. Only
a small proportion of total trips will require the full passenger carrying capacity of a
vehicle (average automobile occupancy in 1977 was 1.4 occupants per vehicle mile).
But the larger capacity expected to be needed for some trips, however infrequently,
induces households to purchase vehicles with enough room to meet these
contingencies. Similar considerations apply to other features, including load carrying
and performance. As a result, there occurs, on average, a mismatch between a
household’s trip requirements and the characteristics embodied in its stock of
vehicles. In order to improve the overall utilisation of vehicle stocks, therefore, it is
necessary to effect greater specialisation in the production of vehicle trips.

One means available for achieving an efficient use of vehicles is the concept of a
shared fleet (Sparrow et al., 1981; Englisher et al, 1981). The shared fleet
arrangement comprises two basic components. First, households are provided with a
minimum attribute vehicle (MAYV) for frequently occurring trips, such as commuting
to work, for which little capacity is required. This ensures that households
participating in the arrangement do not forfeit vehicle autonomy. In addition, the
household has access to a larger fleet of vehicles for trips which require characteristics
not provided by the MAYV. The household becomes better able to co-ordinate trip and
vehicle characteristics and, accordingly, to achieve a higher degree of vehicle
specialisation. The shared fleet arrangement retains household vehicle autonomy; in
that respect its structure is similar to that of conventional car rental organisations.
This suggests that it will have little impact on certain transport problems, including
traffic congestion and commuter parking. The aspect of a shared fleet which
distinguishes it from conventional car rental arrangements is its emphasis upon vehicle
specialisation, which results in more efficient trip-making. Moreover, since par-
ticipation in a shared fleet reduces the need to own vehicles, household expenditure on
travel will be reduced.

Notwithstanding the advantages of a shared fleet, including retained autonomy,
enhanced vehicle specialisation, and lower vehicle costs, there are drawbacks. First, as
suggested above, its implementation is hypothesised to decrease the level of vehicle
ownership. But to the extent that this is perceived as a restriction on a household’s
ability to travel (that is, as a constraint upon its autonomous travel) its practicability
will be limited. Second, though a shared fleet replicates private ownership trip making
more closely than its public transport counterparts, it does share a common feature
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with public transport. A household must travel to the site of the shared fleet, and, if the
time and money costs of doing so are large enough, they may more than offset the
current costs of owning private vehicles. Moreover, there are additional factors
concerned with reserving particular vehicles, servicing of vehicles, and so forth which
will be likely to impose further costs on the household.

The objective of this paper is to explore some of the issues discussed above. In the
following sections the concept of accessibility will be illustrated and the impact of a
shared fleet arrangement will be analysed in the context of its potential impact upon
decisions governing vehicle ownership.

METHODOLOGY

Since a measure of accessibility depends both on the available set of alternatives and
on the decision maker, accessibility can be broadly defined as “some composite
measure which describes the characteristics of a group of travel alternatives as they
are perceived by a particular individual” (Ben-Akiva and Lerman, 1979). One aspect
of a shared fleet arrangement is that it enhances the set of alternatives currently
available. Thus, not only are private vehicles available, but a household will also have
the option of participating in the shared fleet. Whether the household actually
participates in the arrangement depends upon the utility of the shared fleet in
comparison with that of other alternatives. However, the expansionary effect of the
shared fleet in the set of available alternatives will have given the household increased
accessibility. The details of this methodology are now summarised.’
For each individualn (n =1, ..., N) let

C, be the set of alternatives available to individual #;

U,, be the utility associated with alternative i for individual »n (i=1,...,I)
In a completely deterministic framework, individual n will select that alternative
which, given his resource constraints, maximises his level of utility. A natural measure
of accessibility, therefore, is the utility of the selected choice, that is,

max U,
ieC,

Since the analyst is not able to identify all relevant determinants of an individual’s
choice behaviour, the utilities U,, are random variables and, accordingly, the natural
index of accessibility becomes the individual’s expected maximum utility; that is, the
accessibility of choice set C,, is

E[max U,,]
ieC,

This measure of accessibility can be shown to satisfy two properties:

!The material in this section is based upon the analysis of Ben-Akiva and Lerman (1979). For
further discussion of this, see Manski and McFadden (1981), chapter 5.
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(a) monotonicity with respect to choice set size:
Elmax(U,,, U,,,..., U] <Elmax(U,,, U,,,..., Up,, Uy, )]

Thus, the accessibility index does not fall if a new alternative is added to the
choice set. In addition, since maximisation is a convex function, Jensen’s
inequality (Rao, 1965) can be used to demonstrate that the expected value of
the maximum is greater than or equal to the maximum of the means of the
utilities. That is,

E[max U,,] > max E[U,,]

ieC, ieC,
(b) monotonicity with respect to mean utilities:
Let E(U,]l =E[U,,, U,,,..., U]
=V

= (Vln’ VZn’ e VIn)

Then

E[max U,,] =0 VieC,
in  1eC,

Ceteris paribus, an increase in the mean value of any of the alternatives will not
decrease the value of the accessibility measures.
Although the first property holds in general, the second property does not. In
particular, in a random utility model, if the distribution of the random utilities is such
that

Ui 0

the monotonicity property with respect to mean utilities will be satisfied.

Multinomial logit model

Let the utility function U, be defined as the sum of a mean utility value V;, and a
random component ¢;, representing taste variation across alternatives; that is,

Uin = Vin t+ &in
Assuming that the random terms ¢;, are independent and that each has a Weibull
distribution, specified as
Pr(g;, < &) = et

(where a is a location parameter) this yields the multinomial logit (MNL) model with
choice probabilities?

eVin
Pin(cn) T —— (1)
Z eVin
JjeC,

2For a treatment of these and other issues relevant to the multinomial logit model, the reader is
referred to Hensher and Johnson (1981) and Domencich and McFadden (1975).
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Under these assumptions, it follows that

8E[max U,
—— =P, (C)
v,

in

which implies that

E[lmax U,,] =In > e"» + constant
ieC, JjeCy

Without loss of generality the constant term can be assumed to take a value of zero.
Hence the relevant measure of accessibility for the MNL model is Z exp (V},), that
is the logarithm of the denominator in (1): je€

For this analysis the choice set is defined as the number of vehicles owned, and the
nonstochastic component of utility V;, is assumed to be a linear-in-parameters
function of explanatory variables,

Vin = ﬁ 'z in
where fis a parameter vector to be estimated and z,, is a vector of empirical functions
associated with alternative / and household n. In general, z;, includes generic and
alternative specific variables. A generic variable is an attribute that is present in all
alternatives and accordingly enters the utility of each. An alternative specific variable,
on the other hand, enters the utility of a particular member in the choice set and takes
a value of zero for all other alternatives.

The MNL model of vehicle ownership will be used in considering two issues
relevant to a shared fleet arrangement. First, the impact on expected maximum utility
will be assessed to determine the effect of a shared fleet on accessibility for a
household. Second, the impact upon vehicle ownership will be studied by estimating
the probability of participation in the shared fleet.

Data

Data for this analysis were obtained from a local survey conducted by the Social
Research Institute of Purdue University. A stratified sampling procedure was adopted,
and a total of 360 households were interviewed.? In the survey, households provided a
variety of information on issues relevant to the concept of the shared fleet including
socioeconomic characteristics, acceptability of the concept, vehicle ownership and
purchasing patterns, travel behaviour, and attitudes towards loaning/borrowing
activities. For this analysis, the usable sample constituted 311 households. Since the
shared fleet project is primarily concerned with the efficient use of household vehicle
stocks, only households with licensed drivers were interviewed. Thus the population
relevant to this study includes households with one or more vehicles. Nine households

3 A local survey of 300 households was conducted. Eighty per cent of the sample was drawn ffom the
urbanised area of Tippecanoe County, a designated SMSA, and 20 percent from its nonurbanised area.
Two additional subgroups of 30 households each, comprising retirement communities and con-
dominiums, were sampled, because it was felt that the shared fleet concept would be of particular
interest to these groups.
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reported zero vehicles and were deleted from the usable sample. Second, it was
difficult to determine the relevant costs of owning and operating vehicles that were
leased, gifts to the household, or company cars. In order to isolate the determinants of
ownership decisions, households with any vehicles in these categories were deleted.
Finally, if there were serious inconsistencies, ambiguities, and/or missing information,
the household was excluded from the usable sample. Tables 1 and 2 summarise the
socioeconomic characteristics and vehicle ownership for the sample used in this
analysis.

Among the data collected in the survey was detailed information on a household’s
stock of vehicles. This included for each vehicle the type and model year, year of
purchase, and the annual miles travelled during the past year. With supplementary
material, this information was used to estimate the 1982 cost per mile of owning and
operating a subcompact automobile, a compact automobile, a standard automobile, a
van, and a pick-up truck.* These cost estimates and the annual mileage reported were
used to calculate the total costs of vehicle ownership. On average, as Table 1 shows,
each household travelled a bit more than 10,000 miles in each of its vehicles and
incurred a total expenditure per vehicle of $2,860.

In agreement with the analysis of Manski and Sherman (1980), Table 2 reports the
tendency towards vehicle specialisation as ownership level increases.® Subcompacts,
compacts and standard vehicles are assumed to provide similar services to the
household; the total proportion of these vehicles steadily declines as ownership levels
increase. This is indicative of vehicle specialisation. In addition, households appear to
be upgrading vehicles within this grouping. Although the total share of categories 2, 3
and 4 declines as ownership level increases, the share of subcompacts falls while that
of standard automobiles rises. The share of compact cars first falls and then increases.
Thus, as they come to own more vehicles, households engage in both specialisation
and upgrading.

It is also worth noting from Table 2 that the station wagon could be the antithesis of
specialisation. It was owned by over 55% of one-vehicle households. The station
wagon embodies some characteristics of various specialised vehicles, such as the
ability to carry both passengers and non-passenger loads. Between one-vehicle and
two-vehicle households there is a 27% drop in the proportion of vehicles that are
station wagons; most of this is transferred to the pick-up truck. Vans also appear in a
much larger proportion than their share in one-vehicle households. The trend toward
vehicle specialisation continues from the two-vehicle to three-plus-vehicle households,
although less strongly. In sum, as vehicle ownership increases, households hold less
general purpose vehicles and make more use of those which more closely meet their
trip requirements.

4 Costs of Owning and Operating Automobiles and Vans 1979 (published by the U.S. Department of
Transportation, Federal Highway Administration Office of Highway Planning) and Road User and
Property Taxes on Selected Motor Vehicles 1982 (published by U.S. Department of Transportation)
were used to calculate the per mile ownership and operating costs of different vehicle types for each
year of a vehicle’s assumed life span of ten years.

5 Despite the relatively small sample employed in this study, the analysis of vehicle ownership
patterns is consistent with the findings of Manski and Sherman. This study was based upon a 1976
national random survey of households from the Survey Research Center’s rotating consumer panel.
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TABLE 1
Socioeconomic Profile of Sample

Number of observations 311
Household income
0 <x < $15,000 32.48%
$15,000 < x < $35,000 50.48%
x > $35,000 17.04%
Type of dwelling
Detached house 53.70%
Other 46.30%
Household size
1 35.69%
2 25.72%
3 11.58%
>4 27.01%
Full time workers
0 33.76%
>1 66.24%
Number of vehicles
1 52.73%
2 37.30%
>3 9.97%
Average annual miles
travelled per vehicle 10,186

Average annual ownership
and operating costs per vehicle? $2860.00

@ Derivation of the cost information is discussed in the data section of this paper.

TABLE 2
Vehicle Type Profile of Sample®

1 Vehicle Households 2 Vehicle Households 3+ Vehicle Households

% % %
Two seater 1.2 9 3.8
Subcompact 21.9 19.8 8.6
Compact 10.4 6.9 15.2
Standard 3.7 5.6 6.7
Station wagon 56.1 40.9 37.1
Pickup truck 3.7 20.3 21.0
Van 1.2 4.7 5.7
Special purpose vehicle 1.8 0.9 1.9

“ Vehicle types were defined according to the categories listed in the Market Data Book Issues of
Automotive News and Automotive News Almanac.
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TABLE 3
Definition of Explanatory Variables

COST()/HINC Total annual cost of owning and operating i vehicles as a proportion of
household income (HINC)

HSESIZE The number of members in the household

HINC Household income

PDRVRS The proportion of the household that are drivers, i.e. the number of licensed
drivers divided by household size

DETHSE A dummy variable which takes the value of 1 if the household resides in a
detached house, 0 otherwise

LAFWLAF A dummy variable which takes a value of 1 if the household’s residence is in
Fairfield or Wabash Townships, O otherwise

KIDS The number of children in the household

CONSTANT Constant term

Estimation Results

Table 3 summarises the variables employed in the analysis of vehicle ownership. The
dependent variable is the number of vehicles owned, and compares three alternatives:
I vehicle, 2 vehicles, 3 or more vehicles. The annual total cost of a household’s current
number of vehicles was calculated as

l
COST (i) = > (per mile cost j) - (annual mileage of j)) i=1,2,3+

j=1
where the cost per mile is differentiated by vehicle type and age of vehicle. For
ownership levels other than a household’s current level, annual vehicle mileage was
assumed to be the household’s current per vehicle mileage, and cost per mile was
assumed to equal the average cost per mile incurred by households in that category.®
For example, assume that a household currently owns two vehicles and its annual
mileage per vehicle is 10,000 miles. Also assume that one vehicle households and 3+
vehicle households, on average, incur costs per mile of 21.74 and 24.27 cents,
respectively.” Then the estimated cost for this household of owning the first vehicle is
$2174, and of owning the third vehicle $2427. Annual cost is specified as a proportion
of household income, to reflect the decreasing impact of total cost on vehicle
ownership as the level of income increases. A priori, it is expected that COST

()/HINC will have a negative sign. ‘

Household size and the proportion of drivers in the household both reflect the
demand for vehicles and accordingly are expected-to carry positive signs; that is, an

® The average per mile cost figures for 1, 2 and 3+ vehicle households were calculated to be 21.74,
22.96, and 24.27 cents respectively.

"In previous analyses of automobile ownership (Train (1980) and Ben-Akiva and Lerman (1974))
annual operating and ownership costs were arbitrarily assigned a value of $1000.00 per vehicle. Cost
figures in this analysis, on the other hand, depend both upon vehicle type, age of vehicle, and the extent
of vehicle use.
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increase in the demand for vehicle services is expected to increase the probability of
owning more vehicles. It is not clear, however, what impact KIDS should be expected
to have upon vehicle ownership. On the one hand, KIDS incorporates a demand
component, as increasing the number of children may lead to more trip making and
more use of vehicles. On the other hand, with more children there may be greater
opportunities for trip consolidation, and this could reduce the demand for vehicles. 4
priori, the sign on KIDS is ambiguous.

HINC and DETHSE are both expected to carry positive signs, the former because
vehicle ownership is a normal good and consumption increases with income, and the
latter because households residing in detached homes have more space, in general,
available for parking vehicles. Finally, LAFWLAF is expected to carry a negative
sign. Fairfield and Wabash Townships largely correspond to the cities of Lafayette
and West Lafayette, respectively, and they are served by the Greater Lafayette Public
Transportation Corporation. Hence LAFWLAF is a dummy variable representing the
availability of public transit, and this is expected to decrease the level of vehicle
ownership.

The estimation results are summarised in Table 4. p?, a goodness of fit statistic,? has
a value of 0.301, denoting a good fit. In addition, all variables carry their hypothesised
signs and, with the exception of household income, are significant at the 0.05 level.
Whether the alternative specific variables have a positive or negative effect upon
ownership decisions is indicated by the sign and magnitude of the coefficients for
different alternatives. For example, the coefficient values of PDRVRS (2) and
PDRVRS (3) indicate that an increase in the proportion of drivers in the household
increases the probability of owning two vehicles rather than one, and owning three or
more vehicles rather than two or one. In like manner, the increasing coefficient values
for HSESIZE (i), HINC (i), and DETHSE (i) (i=1, 2) denote that increases in any of
these variables increase the probability of owning two vehicles rather than one, and of
owning three or more rather than two or one.

The coefficient values for KIDS (2) and KIDS (3) indicate that an increase in the
number of children in the family reduces the probability of multiple rather than single
vehicle ownership. On the other hand, there is an increase in the probability of owning
three or more rather than two vehicles, though this latter effect is minimal.

The parameter estimates of LAFWLAF (i) (i=2,3) are as expected, and their
magnitudes indicate that the presence of public transport decreases the probability of
owning two vehicles rather than one and decreases the probability of owning three or
more rather than two or one.

Finally, the alternative specific dummy variables, CONSTANT (i) (i=2, 3), account
for the common effects of variables not included.

8p? is a goodness of fit statistic, analgous to R? in regression analysis, for the MNL model and is
defined as

L@B)/>J-D—K
L(0)/>(I-1)

where [ is the total number of available alternatives, K is the number of parameters, and L(f) and L(0O)
are the log-likelihood functions corresponding to the estimated parameter and O vector respectively. A
value of p? above 0.2 is generally considered to denote a good fit.

-2 _
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TABLE 4
Estimation Results for a Model of Vehicle Ownership®

- Asymptotic
Explanatory Variable® Coefficient Estimate® t-statistic
COST/HINC —1.64 —1.79
HSESIZE(2) 2.49 6.43
HSESIZE(3) 2.76 4.71
PDRVRS(2) 5.83 4.15
PDRVRS(3) 9.30 4.73
KIDS(2) —1.59 —3.53
KIDS(3) —1.40 -2.12
HINC(2) 0.0000155 0.99
HINC(3) 0.0000363 1.59
DETHSE(2) 1.05 3.00
DETHSE(3) 2.64 3.20
LAFWLAF(Q2) —1.14 -3.36
LAFWLAF(3) —1.58 -3.08
CONSTANT(2) —9.76 —5.89
CONSTANT(3) —16.43 —6.53

Log-likelihood at 0 —290.827
Log-likelihood at convergence —198.363
p*—0.301

@ Alternatives: 1, one vehicle; 2, two vehicles; 3, three or more vehicles. The choice set is normalised
with respect to the first alternative. Number of households: owning 1 vehicle, 146; owning 2 vehicles,
116; owning 3+ vehicles, 31.

b COST/HINC is entered as a generic variable. All other variables are entered as alternative specific
variables, where the number in parentheses corresponds to the alternatives with which the variable is
associated.

¢ The parameters are maximum likelihood estimates using an iterative Newton-Raphson procedure.

Elasticities of annual expenditure on vehicles

In order to investigate the sensitivity of vehicle ownership to vehicle costs, own and
cross price elasticities were calculated. By the sample enumeration method, the
weighted aggregate elasticity of alternative i due to a proportional change in the kth
attribute of alternative j, z, is

_ N N
EP/':( Z pin EPJ"')/ . pin

% n=1 n f[ n=1
where P; is the average probability for choice i over the sample, P,, is the choice
probability of i for individual 7, and P,, is the estimated value of P,,. A property of the
MNL model, known generally as the independence of irrelevant alternatives property,
implies an equal property of interchangeability; that is, a proportional change in the
kth attribute of alternative j will have the same proportional impact on the
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TABLE §
Weighted Aggregate Elasticity Measures for Vehicle Expenditures

Choice Own Elasticity ~ Cross Elasticity
1 Vehicle —0.059 0.333
2 Vehicles —0.202 0.202
3+ Vehicles —0.364 0.117

EVOPN— 0,189

probabilities of all other alternatives.” That is, the cross elasticity measures depend
only upon values related to alternative j.

In addition to the own and cross elasticity measures, another calculation shows the
elasticity of expected vehicle ownership with respect to proportional changes in annual
vehicle costs, EYS%Y. Assuming that, for each vehicle level, costs change proportion-

ately, ELO¥N is

=z

' ) Pin
( - lPinEcosr,;‘)
n=1 i

VOWN _
Ecosr = N

2 (2iPu)
n=1\ i

where > i P,, is expected vehicle ownership and EZ= . is the own price elasticity of
vehicle level i with respect to annual expenditure on vehicles for individual n.

Table 5 reports the cost elasticity measures for vehicle ownership. The level of
vehicle ownership is relatively inelastic to changes in annual expenditure. However, as
one would expect, higher levels of vehicle ownership are more elastic than lower levels.
Finally the expected vehicle ownership elasticity with respect to annual expenditure is
—0.189, signifying that a 10% increase in annual costs will decrease expected levels of
ownership by 1.89%.

Design of a Shared Fleet Experiment

In its present form, the shared fleet experiment is designed so that a household is
charged a flat rate of $165.00 per month. In return, the household receives
(a) an individually garaged mini-micro vehicle which will satisfy most commuting

9 For each observation, the percentage change in the probability of selecting alternative i due to a one
per cent change in the kzh attribute of alternative j is

Ezé: = (5,, —p jn) :Bk Zin

where d;; equals 1 for i=j and O otherwise, P, and z}, are as defined in the text, and B, is the estimated
value of §,.
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and around town driving. A representative mini-micro has a curb weight under
1,500 pounds, is less than 130 inches in length, and gets 30—40 miles per gallon in
urban driving. Its gasoline tank has a capacity of 6.6 gallons and its maximum
range is 198-264 miles.
(b) access to a shared fleet of vehicles appropriate for those trips not suited to the
mini-micro. The shared fleet is currently available at a coupon price. A household
receives 10 coupons, which can be used to “purchase” the services of a shared
fleet vehicle according to the following rule. For one day of travel on
Monday—Friday, the coupon rate is two per vehicle; for a weekend 24 hour
period, the rate is three per vehicle. Additional coupons can be purchased for
$7.00 each, and unused coupons have a cash trade-in value of $5.00.
The monthly fee covers, for the mini-micro and the shared fleet vehicle(s), all
insurance costs, all maintenance costs, all registration and licensing expenditure, and
all (nongasoline) taxes. The only relevant operating costs incurred by a household are
gasoline expenses.

Impact upon choice set accessibility

Recall that our behavioural measure of accessibility, in a random utility framework,
is the expected maximum utility, which for the MNL model is

E(max U,,) = ln( D exp(Vj,,)> (2)

ieC, JeC,

This index, calculated from the vehicle choice model estimated, serves as the base case
from which to analyse the impact on accessibility of introducing a shared fleet. From
our theoretical results, we know that the introduction of a new alternative will not
decrease expected maximum utility. The question considered here is to what extent a
shared fleet increases a household’s accessibility, and whether we can identify
differential impacts for different socioeconomic populations. In order to evaluate this,
it is first necessary to specify Vg, the utility associated with the shared fleet.

If it were possible to characterise existing alternatives in terms of all relevant
attributes, there would be no need for alternative specific dummy variables, and the
calibration results would provide appropriate weights for characterising the utility of a
new alternative. In that case the impact of introducing a shared fleet alternative would
be straightforward: an additional term, exp(Fg ,), would be added to the right-hand
side argument in (2). Thus, the accessibility index becomes:

ln( > exp(V,) + exp(VSF,n))

JjeC,

In practice, it is not generally possible to provide a complete characterisation of
alternatives, and this analysis is no exception.!® Therefore, in order to investigate the

!0 This issue is discussed in McFadden (1974) in regards to predicting the modal share of the Bay
Area Rapid Transit (BART) system in San Francisco.
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_ TABLE 6
Estimated Annual Costs Associated with Participating in the Shared Fleet

Fixed Component $1980.00 (12 x $165.00 per month)
miles on mini/micro miles on shared fleet
Variable Component $1.39 — +
mini/micro MPG shared fleet MPG
Assumptions

Annual miles travelled with mini-micro equals a household’s current per vehicle annual mileage.

Annual miles travelled in a shared fleet equals one quarter of a household’s current annual travel per
vehicle. In terms of miles travelled, this assumes that each household travels an additional week in its
shared fleet vehicle each month.

The cost per gallon of $1.39 reflects the gasoline and oil prices used in a previous study and converted
to 1982 dollars. The mini-micro and shared fleet vehicle are assumed to get 40 and 20 MPG,
respectively.

impact on accessibility when a shared fleet enterprise is available, it is necessary to
define the treatment of alternative specific variables if the shared fleet is chosen.

The procedure employed in this paper is to generalise the interpretation of the
underlying choice problem from vehicle ownership to vehicle availability. Thus,
alternative specific variables relevant to a choice of owning one vehicle (and no
participation in the shared fleet) are also assumed to be relevant to participation in the
shared fleet (and zero vehicles owned). In each case, the household has one vehicle
available on a twenty-four hour basis.

The utility for the shared fleet alternative, Vg, is defined as

Vsp=—1.6447 [COST (SF)/HINC] —0.905 (ACCTIME)

where
COST(SF) = annual total expenditure incurred with participation in the shared
fleet. These costs include fixed and variable components, the details of which are
reported in Table 6. Cost is specified as a proportion of household income HINC,
and since it enters as a generic variable, its coefficient is identical to that
estimated in the vehicle choice model, —1.6447.
ACCTIME = proportion of the year expended in obtaining and returning shared
fleet vehicles. For this analysis, the following assumptions are made:
1. For households residing in Fairfield and Wabash townships (which basically
incorporate the communities of Lafayette-West Lafayette), a one-way access
time of 10 minutes plus a 15 minute on-site wait time is assumed. If it is also
assumed that individuals use their monthly coupons for five shared vehicles, the
total amount of time expended in reaching and returning from the shared fleet
vehicles is 60 hours per year.
2. For households residing in those townships contiguous to Fairfield and
Wabash, a one-way access time of 30 minutes plus a 15 minute wait period is
assumed. This translates into an annual investment of 90 hours spent reaching
and returning from the shared fleet facility.
3. Since it was not possible from the survey data to estimate the value of time
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spent in travelling, an alternative procedure was required. A recent study
(Ben-Akiva, 1974) on non-work non-commuter travel estimated that out-of-
vehicle travel time was valued at 55% of household income.!! Adopting this rate
as a working hypothesis, and having estimated the coefficient of (COST/HINC),
an implied coefficient of A CCTIME was calculated to be —0.905.12 Thus, —0.905
(ACCTIME) estimates the disutility associated with time spent in reserving,
fetching, waiting for and returning a shared fleet vehicle.

Finally, since, in the number of vehicles available on a 24 hour basis, a household
participating in the shared fleet is in a similar position to a household owning one
vehicle, it is assumed that the shared fleet alternative and owning one vehicle are the
normalising alternatives.

Tables 7-10 summarise these effects. For the entire sample, the establish-
ment of a shared fleet produces a 47% increase in accessibility. The primary
recipients of the enhanced accessibility are lower income households, smaller
households, and households with no full time workers. This is not unexpected since
each of these categories is associated with a lower level of vehicle ownership.

Residence is also seen to be an important factor. Other things being equal,
households that must incur greater expenditure of time and money to reach a shared
fleet facility (in this study those not residing in Fairfield and Wabash townships) will
not experience the accessibility gains of households whose proximity to the shared
fleet facility is greater. Finally, condominium residents are seen to experience
significant gains in accessibility.'® This also can be attributed to a lower level of vehicle
ownership, which is at least partly due to their relative lack of parking facilities.

In short, the shared fleet enterprise will be most competitive with one-vehicle
households, since the household continues to have a vehicle available on a 24 hour
basis and, in addition, has the limited use of a shared fleet vehicle. Overall, the results
suggest that the shared fleet will be particularly effective in enhancing the mobility of
one-vehicle households.

""The value of out-of-vehicle travel time in a nonwork noncommute context was adopted to
approximate the value of time expanded in reaching a shared fleet facility since out-of-vehicle travel time
normally relates to a traveller’s behaviour in reaching the primary mode. The 55% figure was based
upon a simultaneous model of shopping trip modal/destination choice behaviour.

12 Let utility be given as

V =B (ACCTIME) + B (COST/HINC) + other variables

where ACCTIME is defined as the proportion of a year required for access to the shared fleet. Then the
MNL model implies that the value of time savings as a proportion of household income is (8,/8,). Using
our estimated value of §, and Ben-Akiva’s result implies

Br=B,-0.55
= (—1.6447) (0.55)
=—-0.905

13 Potentially, condominium dwellers could experience direct and indirect effects from a shared fleet
arrangement. The direct effect would be its overall impact upon accessibility and vehicle ownership. But
also, if a large proportion of the residents of a condominium complex opted for a shared fleet
arrangement, less space for parking facilities could be required with an attendent effect upon housing
costs. It is therefore of interest to evaluate the reaction of condominium residents to the shared fleet
concept and to investigate implications for accessibility and vehicle ownership.
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TABLE 7
Choice Set Accessibility—Full Sample

Accessibility
Index” %Change
Original choice set® 0.776 —
Updated choice set 1.148 +47.9

@ The accessibility index reported in Tables 7—10 is the mean value for the relevant population.
b5 In Tables 7-10, the original choice set refers to owning 1 vehicle, owning 2 vehicles, or owning 3 or
more vehicles. The updated choice set is the original choice set plus the shared fleet alternative.

TABLE 8
Choice Set Accessibility by Household Income

Accessibility
Index %Change

Household Income < $15,000

N =101

Original choice set —0.135 —

Updated choice set 0.374 +3717.0
$15,000 < Household Income < $35,000

N =157

Original choice set 1.005 —

Updated choice set 1.343 + 33.6
Household Income > $35,000

N=153

Original choice set 1.836 -

Updated choice set 2.045 + 114

Demand for the shared fleet arrangement

The results summarised above indicate that the presence of a shared vehicle fleet
significantly enhances choice set accessibility. The extent to which this expansionary
effect alters choice behaviour can be explored by calculating the choice probabilities
given the presence of a shared fleet arrangement. Assume that the utility of a shared
vehicle fleet is characterised by (3). Then, individual »n’s demand for the available
alternatives is
_ Ui i 1034.SF,

> exp (V)
1

where SF indicates shared fleet.
89



January 1984 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 9
Choice Set Accessibility by Residence

Accessibility
Index % Change

Within Fairfield and Wabash Townships

N=179

Original choice set 0.591 —

Updated choice set 0.994 + 68.2
Outside of Fairfield and Wabash Townships

N=132

Original choice set 1.027 —

Updated choice set 1.358 + 32.2
Retirement Community

N=25

Original choice set 0.478 —

Updated choice set 0.921 + 92.7
Condominium Dwellers

N=29

Original choice set 0.065 —

Updated choice set 0.549 +744.6

TABLE 10
Choice Set Accessibility by Household Size and Work Status

Accessibility
Index % Change

Household Size < 2

N=191

Original choice set 0.322 —

Updated choice set 0.767 +138.2
Household Size > 2

N=120

Original choice set 1.500 —

Updated choice set 1.754 + 16.9

Household With at Least 1 Full-
Time Worker

N =206

Original choice set 1.094 —

Updated choice set 1.422 + 30.0
Households With 0 Full-Time Workers

N=105

Original choice set 0.153 —

Updated choice set 0.610 +298.7
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Tables 11-14 report, for the same groups analysed in Tables 7-10, the impact on
vehicle ownership when a shared vehicle fleet is present. For the entire sample, the
probability of selecting the shared fleet is nearly 0.30. Moreover, in accordance with the
accessibility results, a shared fleet arrangement has its most dramatic effect upon
owning one vehicle. Similarly, its influence is greater for lower income households,
households with few members, households with no full time workers, and households
residing in condominiums.

In sum, we tentatively conclude that the introduction of a shared vehicle fleet has an
expansionary effect upon a household’s access to alternative choices, and this could
significantly alter its choice of vehicles.

TABLE 11
Choice Probabilities—Full Sample®

Pl % Change P2 % Change P3+ % Change PSF

Original choice set? 0.514 — 0.385 — 0.101 — —
Updated choice set 0316 - —38.5 0.305 —20.8 0.088 —-12,9 0.291

2 The choice probabilities reported in Tables 11—14 are the mean values for the relevant population.

b In Tables 11-14, the original choice set refers to owning 1 vehicle, owning 2 vehicles, or owning 3
or more vehicles. The updated choice set is the original choice set plus the shared fleet alternative. PI,
P2, and P3 denote the probability of owning 1, 2, and 3 vehicles respectively. PSF denotes the
probability of participating in a shared fleet arrangement.

TABLE 12
Choice Probabilities by Household Income

% % %
Pl  Change P2 Change P3+ Change PSF

Household income < $15,000

N=101

Original choice set 0.7 — 0215 — 0.026 — —

Updated choice set 0.444 —414 0.154 -284 0.022 -154 0.380
$15,000 < Household income < $35,000

N=157

Original choice set 0443 — 0449 — 0.108 — —

Updated choice set 0.280 —36.8 0.356 —20.7 0.092 —14.8 0.272
Household income > $35,000

N=153

Original choice set 0258 — 0520 — 0223 — —

Updated choice set 0.179 —-30.6 0444 —146 0.201 — 9.9 0.176
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TABLE 13
Choice Probabilities by Residence

% % %
Pl Change P2 Change P3 Change PSF

Within Fairfield or Wabash Townships

N=179

Original choice set 0566 — 0346 — 0.088 — —

Updated choice set 0.342 -39.6 0.270 -22.0 0.075 -14.8 0.314
Outside of Fairfield or Wabash Townships

N=132

Original choice set 0.443 — 0.439 — 0.118 — —

Updated choice set 0.281 —-36.6 —0.354 —194 0.106 —10.2 0.260
Retirement Community

N =25

Original choice set 0.607 — 0363 — 0030 — —

Updated choice set 0.364 —40.0 0.265 —-27.0 0.023 -—-23.3 0.348
Condominium Dwellers

N =29

Original choice set 0.706 — 0272 — 0022 — —

Updated choice set 0.433 -38.7 0.192 —-29.4 0.016 —-27.3 0.358

TABLE 14
Choice Probabilities by Household Size and Work Status

% % %
Pl Change P2 Change P3 Change PSF

Household Size < 2

N=191

Original choice set 0.633 — 0.305 — 0.063 — —

Updated choice set 0.376 —40.6 0.230 —24.6 0.052 —17.5 0.341
Household Size > 2

N =120

Original choice set 0.325 — 0.514 — 0.161 — —

Updated choice set 0.220 —32.3 0424 —17.5 0.145 — 99 0.211
Household With at Least 1

Full Time Worker

N =206

Original choice set 0.426 — 0.445 — 0.129 — —

Updated choice set 0.268 —37.1 0359 —19.3 0.113 —124 0.260
Household With 0 Full Time

Workers

N =105

Original choice set 0.685 — 0.268 — 0.046 _ . —

Updated choice set 0411 -40.0 0.199 -—-257 0.038 —174 0.351
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CONCLUSIONS

The results presented in the previous sections suggest that the introduction of a shared
fleet arrangement will significantly affect a households’s level of ownership. Overall,
the presence of a shared fleet increased a household’s choice set accessibility by 47%
and decreased expected vehicle ownership by 25%. Moreover, by focusing upon
particular subgroups, it was also ascertained that the largest accessibility gains were
experienced by lower income households, condominium dwellers, small households,
and households with no full time workers. The impact of enhanced accessibility upon
choice set probabilities indicated that a shared fleet benefited single-vehicle households
the most, decreasing the probability of owning one vehicle by between 32% and 41%.

Thus, the preliminary conclusion of this analysis is that the introduction of a shared
fleet arrangement will compete most effectively with single vehicle households and has
the potential to influence significantly all household decisions in vehicle ownership.

Notwithstanding this conclusion, a number of caveats must be noted. First, since
the shared fleet experiment is currently being conducted in the Lafayette-West
Lafayette and surrounding areas, the data for this analysis, and hence the conclusions,
are specific to the decisions on vehicle ownership in a medium-sized community. How
far these conclusions are transferable to large metropolitan areas is not known. In
view of the great differences in the transport infrastructure, travel patterns, and
ownership levels in metropolitan areas, additional research is necessary to analyse the
impact of a shared fleet in other areas. A second point, related to the first, is that the
conclusions in this analysis are relevant to positive levels of ownership. No
conclusions can be drawn from this analysis regarding the effect of a shared fleet on
households with zero vehicles. Third, the conclusions reported in this study rest
directly upon the cost and mileage assumptions of participating in a shared fleet. At
this point, the monthly charge is a “best guess” with no experience on needed
maintenance, accident costs, and so forth. As the experiment proceeds, information
pertaining to costs and vehicle usage will be forthcoming and will be used to determine
and re-evaluate the assumptions. Further, various assumptions were made to estimate
the time disutility of reserving, picking up, and returning shared fleet vehicles. More
detailed analysis is requisite for improving the measured value of this access time.
Finally, the analysis presented here reflects an ““all or nothing” situation. That is, the
shared fleet is one of four alternatives available. More realistically, a household may
choose a combination of alternatives. For example, a two-vehicle household may not
prefer a shared fleet alternative by itself, but would choose to own one vehicle plus
participation in the shared fleet. The possibility of private vehicle ownership and
participating in a shared fleet is an extension to this analysis that warrants further
research.
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