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Abstract The value of in-vehicle travel time savings (V7T) estimated from mode-choice
models has been sometimes found to be higher for private car than for public trans-
portation. This mode-valued variation may seem paradoxical, if public transportation
(especially the bus) is perceived as less pleasant than the private car, and because mode-
valued differences in the VT cannot be attributed to self-selection. This article describes
two alternative microeconomic explanations for this empirical finding. The first follows
from noticing that the marginal consumption of goods may depend on travel time, but
differently for each mode. A marginal reduction in travel time induces marginal savings in
the consumption of goods like fuel or oil, but those marginal savings are perceived by the
user only when conditioning on the use of the car. This effect can be explicitly accounted
with the inclusion of technical constraints relating goods consumption and time assignment
in the microeconomic framework of the V7. The second explanation follows from noticing
that the activity schedule does not need to be the same conditional on the use of each mode.
Since the car is usually faster and more accessible, a schedule constructed conditional on
the use of the car could be more complex, justifying higher values of time as a resource for
that mode. The article finishes illustrating the proposed explanations with an example and
then summarizing the contributions of this research and proposing lines for further
investigation.
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Introduction

The subjective valuation of travel time savings (VT) corresponds to individual’s willing-
ness to pay for a marginal reduction of travel time. Reductions in travel time account for
about 60 % of the total benefits of transportation projects (Hensher 2001). Therefore,
disentangling the components and determinants of VT plays a crucial role in transportation
economics.

VT needs not to be the same between modes. Wardman (2004) distinguishes two types
of differences in the VT by mode: user type and mode-valued differences. User type
differences are explained by the differences in the characteristics of the individuals that
choose each mode. For example, people with higher income will have a higher VT, and will
choose the car more often since it is usually faster and more expensive. Consequently, VT
for people that choose the car is likely to be found higher than the VT of bus riders. Instead,
mode-valued differences correspond to variations in the in-vehicle V7, for the same
individual, depending on the mode where this time is spent. This research is concerned
with the latter type of between-modes differences in the VT.

Countless studies have estimated V7, but only a few have made a distinction of it
between modes. Wardman (2004) points out that this occurs because most studies focus
only on the chosen mode (as in, e.g. Gunn et. al 1999; Kouwenhoven et al. 2014), or
consider mode-choice models with generic coefficients, forcing the VT to be the same
between modes (as in, e.g. Gaudry et. al. 1989). Wardman (1997) identified 20 mode-
choice studies that considered mode specific coefficients, finding for 6 of them that mode-
valued VT for car was higher than for public transportation. Axhausen et al. (2004) and
Gutierrez and Cantillo (2012) are two additional examples of articles that report mode-
valued VT that are higher for the car than for public transportation. Shires and De Jong
(2009) investigated this issue in a meta-analysis study, but without reaching conclusive
results because of lack of sufficient observations. More recently, the meta-analysis of UK
VT studies developed by Wardman et al. (2012) and Abrantes and Wardman (2011)
showed mode-valued VTs that were statistically equal between the bus and the car, and
higher for the car than for the train.

The finding of higher mode-valued in-vehicle VT for car could be explained from a
microeconomic viewpoint if one is willing to accept, e.g., that travel time by public
transportation is more pleasant or productive. This is likely true for the train, but may
become highly questionable, e.g., for urban buses. Often, public transportation is perceived
as less comfortable than the car, and also less reliable in terms of travel time. Therefore,
individuals should be willing to pay relatively more, instead of less, for saving a marginal
unit of time spent on public transportation, especially for the bus. This statement is ana-
lyzed further in “Classical microeconomic explanations for mode-valued differences in the
value of time” section, after a detailed review of the classical microeconomic framework
of the VT.

Although Wardman (1997) found higher mode-valued in-vehicle VT in only 30% of
comparable cases, the real share of this phenomenon could be much higher. It is likely that
many experiments that used generic V7, could have reported higher VT for private
transportation, if mode-specific parameters would have been considered. To illustrate this
statement, this section revisits an urban mode-choice model that was estimated with
generic coefficients in previous studies, and results in higher VT for private modes when
considering mode-specific time coefficients. The results are summarized in Table 1.
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Table 1 Logit mode choice model from “Las Condes-Centro” database with and without mode specific in-
vehicle (IV) travel time coefficients

Model I generic IV time coefficient Model II mode specific IV time coeff.
Coefficients B s.e B s.e.
1. Walking time —0.161 0.0193 —0.165 0.0195
2. Waiting time —0.236 0.116 —0.255 0.118
3. IV time private —0.0824 0.0174 —0.138 0.0299
4. IV time public —0.0818 0.0174
5. Cost/Income —0.0245 0.00877 —0.0211 0.00875
6. Female —0.295 0.215 —0.295 0.215
7. Licenses 2.36 0.422 2.36 0.420
Final log-likelihood —949.135 —946.397
Adjusted rho-square  0.224 0.225
N 697 697

Alternative specific constants by mode omitted from this summarized report

1V time In-vehicle travel time, Private car and carpool, Public bus, metro, shared-taxi and combinations,
Source of data Ortuzar and Donoso (1983). Generic specification replicates Munizaga and Daziano (2002)

The database used for this example is known as “Las Condes-Centro” (Ortuzar and
Donoso 1983). This revealed preference database consists of 697 individuals from different
areas of Santiago de Chile, who have 9 modes on their choice-sets, including public
transportation (bus, metro, shared-taxi and combinations) and private modes (car and
carpool). This database has been used before by several researchers (see, e.g. Gaudry et al.
1989; Munizaga and Daziano 2002; Amador et al. 2008) all of whom considered generic
coefficients for the car and public transportation, forcing the VT to be the same by mode.

Model I, at the left of Table 1, was obtained replicating the specification used by
Munizaga and Daziano (2002). The level of service includes in-vehicle travel time (IV
time), walking and waiting time, and cost divided by income. Besides, this model includes
the variable Licenses for the car-driver mode, which corresponds to the number of cars
divided by the number of licenses in the household. Finally, gender (1 if it is female) is
included for carpool and shared-taxi modes.

As it is going to be shown in “Classical microeconomic explanations for mode-valued
differences in the value of time” section, the VT could be obtained from this choice model
as the ratio of the coefficients of time and cost. Since in this specification the cost was
divided by person’s income, the in-vehicle VT for the generic model (V7€) can be
calculated as

G G
VT° = 153(; * Income = [f% * Income = 3.36 * Income.
5 5

Model 1II, in the right column of Table 1, considers the same specification of Munizaga
and Daziano (2002) but with specific coefficients for IV time for public and private
modes.! Therefore, In this case, a VT for each mode type can be calculated, resulting that

! The model still considers the same coefficient of travel cost for both modes. This implicitly assumes that
income effect is negligible and that the money has the same value, regardless of how it is spent. The former
assumption would be broken if transportation expenditure is a large share of total income. The latter

@ Springer



980 Transportation (2017) 44:977-997

ivate 15 higher than for public modes VTPublic for
the same individual, that is, even after controlling by income or any other characteristic of
the individual.

the in-vehicle VT for the private modes Vf"lf s

ps AS

rS _P3 4 _ _ s

Vpiyae = 6.54 % Income = =2« Income > =< * Income = 3.88 x Income = VTp ;..
5 5

Thus, in this example, when the time coefficients are not forced to be generic, the mode-
valued in-vehicle VT for private transportation becomes almost twice as the in-vehicle VT’
for public transportation. Applying a likelihood ratio test, it can be shown that this dif-
ference is statistically significant. This suggests that the real share of cases in which in-
vehicle VT is higher for private transportation, may be much larger than the 30 % found by
Wardman (1997).

This article proposes two alternative microeconomic explanations that may justify this
seemingly contradictory result. The first explanation is that the marginal consumption of
some goods, like oil or fuel, depends on travel time, but differently by mode. Only in the
case of the car, where the user is also the operator, this indirect effect is likely to have an
impact in the VT. The second explanation follows from noticing that the activity schedule
does not need to be the same when using each mode. Since the car is faster and more
accessible, the activity schedule that is performed when using the car, will be often more
complex, resulting in a higher value of the time as a resource.

The article is structured as follows. After this introduction, “Classical microeconomic
explanations for mode-valued differences in the value of time” section provides a review
of the classical microeconomic theory for analyzing the VT and its application for the
analysis of mode-valued differences in the VT. Then, “Alternative explanation I: differ-
ences in technological constraints by mode” section presents the first alternative microe-
conomic explanation that is proposed in this article. This explanation follows from
accounting for the differences in technological constraints by mode. “Alternative expla-
nation II: differences in activity schedules by mode” section presents the second alter-
native explanation, which follows from accounting for activity schedule differences
between modes. “Numerical example of proposed and classical explanations” section
illustrates the proposed alternative explanations with a numerical example. Finally,
“Conclusion” section summarizes the contributions of the paper, and identifies future lines
of research in this area.

Classical microeconomic explanations for mode-valued differences
in the value of time

This section describes the classical microeconomic framework of the VT that was proposed
by DeSerpa (1971). Besides, it reviews the extension of DeSerpa’s (1971) framework to
discrete choice modeling, which allows the estimation of the VT from observed modal
choices.

Footnote 1 continued
assumption would no longer hold if the mental account of expenses (see, e.g. Bao et al. 2015) differs
between public and private transportation.
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DeSerpa (1971) considers that individuals determine their daily activities and goods
consumption by maximizing a utility function U that depends on time 7 and goods X,
subject to three types of constraints, as shown in Eq. (1). There is first a monetary budget
constraint, with Lagrange multiplier A, which indicates that individuals use all their income
I in consuming the goods X ; with prices P;. There is also a time budget constraint, with
Lagrange multiplier u, which states that the sum of the time assigned to all activities T;
should be equal to the total time available 7. Finally, there is a technological constraint
associated to each activity i, with Lagrange multiplier K;, which states that the time
assigned to activity i should be enough to consume the goods X; associated to it. Note that
DeSerpa’s (1971) framework considers that goods X; are specific to activities T;.

Maxx7U(Xy, ..., Xy, Th, ..., T))

n
st Y PXi=I1 [}
i=1

; (1)
Y Ti=t M
i—1
T; > aiX; Ki] Vi=1,...n
X;>0;T;,>0 Vi=1,...,n

The optimal utility level U* attained by resolving the problem shown in Eq. (1) is called
the indirect utility. This utility depends on the exogenous variables 7, T and the prices. If
this optimization problem is non-degenerate (see, e.g. Luenberger 2003), the Lagrange
multipliers at the optimal point will correspond to the marginal impact in the indirect utility
of relaxing each constraint. Consequently, / is the shadow price of income or the marginal
(indirect) utility of income (0U*/0I); p is the marginal (indirect) utility of time as a
resource (OU*/07); and K; is the marginal (indirect) utility of reducing the minimum time
required to be assigned to activity i. Therefore, K/A corresponds to the willingness to pay
for a reduction in the minimum time required to perform activity i. If 7; * > a;X;*, then K;
will be equal to zero and if T;x = a;X;*, then K; will be positive.

For discrete choices, such as the selection of a transportation mode, the behavioral
model implied by Eq. (1) has to be slightly modified. Adapting from McFadden (1981) and
Jara-Diaz (2007; Sect. 2.2.2), consider the model depicted in Eq. (2), which can be seen as
a conceptualization of the discrete continuous consumption problem (Dubin and McFadden
1984) that allows a formal microeconomic interpretation of the value of travel time
savings.

Consider that traveling is a particular activity that can be performed by different modes,
e.g., car and bus, with respective travel times #.4, fp,s and travel costs c.q, Cpus, Which are
exogenous. To decide between car and bus, the individual determines the set of con-
sumption levels of X and T for all other activities that maximizes his/her utility. The
maximum level of utility attained, conditional on the use of each mode j, is known as the
conditional indirect utility Uj*. The behavioral assumption is that the individual chooses the
alternative j with the largest U;". This problem is summarized in Eq. (2), where M is the set
of available modes.
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M(ZJCJ'E/\/IA/[(DC)LTl]()(l7 .. .,Xn, Tl, ooy Tnl/)

n
s.t ZP,‘X[—FCJ' =1 [/L]
i=1

i Ti=1 (1] (2)
i=1

T; > a;X; K] Vi=1,...,n;i# travel
Ttravel 2 tj [Ktravel]
X;>0.T,>0  Vi=1,...n

Solving the first-order conditions of Eq. (2), conditional on mode j, it can be shown that
K; = u— 0U/OT;. Consequently, considering that activity i = Travel corresponds to be
travelling on a given mode, the following three definitions of the VT can be postulated:

e VIR = % is the Value of Time as a Resource, which corresponds to the opportunity cost
of time, the money equivalence for the change of indirect utility that would be attained
if T is marginally extended.

o VIATae = m is the Value of Time Assigned to Travel, the money equivalence
for the marginal direct utility of assigning time to travel.

o VI = 1% = % - % = VIR — VTAT,aver is the Value of Travel Time Savings, the
money equivalence for the marginal indirect utility of saving travel time. This is the VT
used for the assessment of transportation projects and the one obtained from mode-
choice models.

The model in Eq. (2) assumes that working time, and thus income, is fixed. If this
framework is extended to assume an amount of variable work Ty at a given wage rate w, it
could be shown that the expression for VTR could be rewritten as follows (Jara-Diaz 2007,
Sect. 2.3.1)

yrR = H — 4 OU/OTw
A A
Since that extension is not essential for the problem under study in this research, for the
rest of the article it is going to be assumed that income is fixed, as shown in Eq. (2).

The implementation of this behavioral model into a method that allows the estimation of
the VT from observed modal choices, follows from considering what is known as the
Random Utility Model (RUM). The first step is to recognize that the researcher can
measure only a part of the conditional indirect utility. The measureable part is called the
systematic utility V;* and what remains is an error term &. Then, the probability that
individual n would choose, e.g. the bus, will correspond to

P" (bus) = P" (U;:us,n 2 U:ar,n) = P" (gcar,n ~ Ebus;n S V:us,n - V:ur,n)
= Fﬂn (Vljus.,n - V* )7

car,n

where F, is the cumulative distribution function of &, = &carn — Epusn-
To estimate the model, what remains to be determined is a specification of the sys-
tematic utility V;". Consider, for example, that V" is linear in ¢; and #; with a coefficient f3.

generic for travel cost; coefficients f; specific by mode for travel time; and alternative
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specific constants ﬂj. If ¢ follows an Extreme Value I distribution (0, w), the choice
probability will correspond to the following Logit model
etVius & (BousB1y, tous+BeCous )

P,(bus) = = . 3
n(bus) etVius - efVeur ot Bpus By s tBicms) - o (BeartBregsteartBecear) 3)

The scale u of the Extreme Value I distribution cannot be identified and is usually
normalized to 1. Similarly, one of the alternative specific constants has to be fixed to zero
for identification. The other model coefficients f§ can be estimated, e.g., maximizing the
likelihood of observed choices using Eq. (3).

The link between coefficients f of the choice model in Eq. (3) and the VT can be
established in two steps. Note first that from the model shown in Eq. (2)
oU* /ol = —oU* / Ocj = . Assuming that the traveler selects the shortest path and there is
no uncertainty, the actual time spent travelling 7},,,.; would be equal to the minimum
possible #;, which is exogenous. This would imply that travelling is not a leisure activity,
that the VT is not equal to zero, and that —0U* / 0t; = Krravel_j-

The next step is to consider that the model does not suffer of endogeneity, that is, that
the error terms ¢; are independent from #;, and c;. This assumption is crucial for discrete
choice model estimation (Guevara 2015; Guevara and Ben-Akiva 2006, 2012), and also
has a critical implication in establishing the link between mode choice models and
DeSerpas (1971) model. Without endogeneity, it can be affirmed that OU* / Ocj =

oV* /dcj = B, and dU* /d1; = dV* [o1; = B, which allows the estimation of

Vf,J _ & _ Kvael_j

Be A

in the binary choice model example shown in Eq. (3). Thus, different VT by mode can be
obtained by considering coefficients f§ that are not generic by mode. That was the approach
used to estimate the VT from the estimators reported in Table 1. The estimation of the
components of VT is possible but more complex. Jara-Diaz and Guevara (2003) developed
a method to achieve that goal by jointly estimating a mode choice model and a time
assignment model.

Under the classical microeconomic framework VT = VIR—VTAr,40, Seemingly
leaving VTAr,,,.; as the only possible source for differences in the VT by mode. Therefore,
the finding of a higher VT for car for the same individual would occur only if the VTA7, e
is more negative for car than for public transportation. This would occur if the marginal
utility of travel time is more negative when driving a car than when riding a bus. Previous
research has suggested four possible explanations for this to occur.

The first source of modal differences in VIAr,,,.; could be productivity. Compared to
the time spent in a car, travel time in public transportation vehicle may not be completely
wasted, but instead used to perform certain activities. This assumption is likely to hold,
especially for the train, where passengers may be able to read, work or just relax having a
coffee or even watching a movie. In the case of the bus, this assumption is less likely to
hold. Lyons and Urry (2005) state that travel time productivity depends on many modal
attributes and individual characteristics such as crowding, noise, temperature, availability
of seating, age, and personal equipment. Consequently, travel time by car may end up
being as or even more productive than travel time by public transportation, especially for
the bus in an urban context. Lyons and Urry (2005; Fig. 1) suggests that, although there is a

@ Springer



984 Transportation (2017) 44:977-997

Activity Schedule by Bus Activity Schedule by Car

Work Work

Coffee Coffee

Shop Shop

Home Home R
Time of the day Time of the day

Fig. 1 Different activity schedules conditional on the modal usage

range in which travel time by bus may be more productive than by car, the opposite is
instead more likely to occur, thanks in part to what Mokhtarian and Salomon (2001) define
as “carcooning”.

A second attribute that may turn VTAz,,,.; into a less negative variable for public
transportation, could be the aversion to the risk of being involved in accidents, a variable
that Elias and Shiftan (2012) found to be a potentially relevant source of mode shift.
However, it is unclear that the risk of accidents when using public transportation modes
would really be smaller than the risks that are faced when driving a car. While risk aversion
to accidents may be a source for differences in the VTAr,,,.; by mode, the net effect will
depend on the particular conditions of the transportation system under analysis.

A third attribute that may make VTA7,,,.; less negative for public transportation than for
the car, might be the differences in the cognitive solicitation, which corresponds to the
mental workload involved in making the trip. Steimetz (2008) report a case study in which
42 % of the VT for car could be explained by the combination of the risk and the cognitive
effort of driving a car in congested conditions. However, on the side of public trans-
portation, one would also need to account for the cognitive effort and other psychological
effects experienced by the passengers in crowded vehicles. For example, from a cognitive
point of view, public transportation users have to find out how to move quickly through a
dense group of people, stand in a vehicle that is in motion and find out and be aware of
where to descend or to transfer. Tirachini et al. (2013) found that, depending of the load
factor, a large percentage the value of travel time by bus can be explained by accounting
for crowding conditions. A similar result is reported by OECD/ITF (2014). Hence, the net
between-modes effect of the risk and the cognitive effort in VTAr,,,.; seems to be unclear.

A fourth possible explanation for having a more negative VTAz,,,.; for car than for
public transportation, results from the concavity of the utility function (see, e.g. Jara-Diaz
2007). Since travel time by car is usually shorter than by bus, the concavity may make the
marginal effect of the former to be higher than for the latter; even if the direct utility
coefficient implies that the person dislikes more the time spent in public transportation than
in the car. This explanation is further illustrated with an example in “Numerical example
of proposed and classical explanations* section.

Nonetheless, even if VTArz,,,.; does not differ by mode under the classical framework,
there are two additional sources that can explain differences in the VT by mode.” The first
source corresponds to modal differences in the marginal utility of income, 4 in Eq. (2).
Since A decreases with income (see, e.g. Jara-Diaz 2007), conditional on the use of a more

2 Section 4 will add a third element to this list.
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expensive mode, the individual will be relatively poorer and his/her 4 will be higher,
causing a reduction of the VT. Since the car is usually more expensive than the bus, this
effect would imply smaller VT for car. This effect is usually negligible, but may become
relevant if transportation costs are a large share of the available income.

A final source for differences in the V7, even if VTAr..e does not differ by mode, is
self-selection. This problem is analyzed, e.g. by Fosgerau et al (2010), Mabit and Fosgerau
(2008), Mackie et al. (2001) and Mackie et al. (2003). For example, Fosgerau et al. (2010)
developed an experiment in which interviewees were asked first about their VT in a given
observed trip, and then they were questioned again about their VT, but assuming they have
to make that particular trip in a different mode. The authors found, for example, that bus
users have smaller VT in bus, compared to car users that are asked to assume that they
travel by bus. The authors interpret this as the result of self-selection, in the sense that it
would show that people with higher VT tend to choose car and, in the experiment, they
“carry” their VT with them to the other mode. As it was stated in the introduction, this
source of differences in the V7, corresponds to what Wardman (2004) defined as user type
differences, which is not the focus of this article, but is described in general in this section
for the sake of completeness.

Summarizing, the empirical finding of higher mode-valued in-vehicle VT for car than
for bus may seem counterintuitive. It cannot be explained by self-selection and the net
effect of previous explanations, elaborated under the classical micro-economic framework,
seems inconclusive. This research proposes two alternative microeconomic explanations
that provide additional evidence to justify this empirical result.

Alternative explanation I: differences in technological constraints
by mode

The first alternative microeconomic explanation for finding higher VT conditional on the
use of the car, results from a re-interpretation of a result on the VT that was attained by
Guevara (1999) and Jara-Diaz (2003).

Building on Evans (1972), Jara-Diaz (2003) extended DeSerpas (1971) framework by
allowing goods k to not be directly linked to a unique activity i and by replacing the
restriction 7; > a;X; in Eq. (2) by the following two inequalities:

X >e(T) [ Vk € setof goods 4
T; >f(X) [Ki] Vi€ setof activities )
The first constraint in Eq. (4) states that there is a minimum amount of goods required to
perform an activity. For example, travelling by car implies consuming a minimum amount
of fuel. Likewise, chatting with a friend at a coffee shop implies buying a minimum
amount of coffee and pastries. This is captured by the function g;(7) for each good k, a
function that depends, in general, on the full vector 7 of time assigned to activities. ¥, is
the Lagrange multiplier of this constraint. It will be positive if the constraint is binding, and
zero otherwise. For goods that the individual enjoys (like chocolate) i, is likely to be zero.
For goods that the individual dislikes but have to consume (like fuel) ¥, is likely to be
positive.
The second constraint in Eq. (4) is a generalization of DeSerpa’s (1971) technological
constraint. It states that, in some cases, there is a minimum amount of time required to
consume goods. For example, it may not be possible (or reasonable, or healthy) to eat a

@ Springer



986 Transportation (2017) 44:977-997

meal in less than a given time. Likewise, it might be impossible to perform a trip in less
than a given time. This is captured by the function g;(X) for each activity i, which is a
function of the vector X of all goods. K; is the Lagrange multiplier of this constraint. It will
be positive if the constraint is binding and zero otherwise. For activities that the individual
enjoys, like chatting with a friend, K; is likely to be zero. For activities that the individual
dislikes, but have to perform (like travel), K; is likely to be larger than zero.

The value of saving travel time, estimated from choice models like Eq. (3), corresponds
to a measure of the trade-off between marginal changes in travel cost and travel time,
evaluated at the conditional indirect utilities and satisfying all constraints. Guevara (1999)
and Jara-Diaz (2003) showed that, when considering the set of technological constraints
shown in Eq. (4), the VT has the form shown in Eq. (5).

Kiravel H aU/aTTravel l//k agk

VI=——=>— RELS LE 5

A A A + zk: A aTl‘mvel ( )

The first two terms Eq. (5) are, respectively, the Value of Time as a Resource (VTR) and

the Value of Time Assigned to Travel (VTA7,q.1) described by DeSerpa (1971). The third
term

_ 'Pk 0gk
ver = ; A aTtravel (6)

can be interpreted as the subjective Value of saving Consumption of undesired goods when
Travel time is reduced (VCT).

Whenever VCT # 0, neglecting the technical relationship between the goods and time
assigned to activities would result in an erroneous account of the V7. This indirect effect
cannot be accounted by the inclusion of the goods consumed in the income constraint, but
only by acknowledging the technical relations between goods and time.

For each good k, VCT has two components. The first component is aﬁfk, - which cor-

responds to the marginal impact on the consumption of good k of increasing travel time.
For example, as travel time grows, it is likely that the individual will be forced to increase

08k
aTlmvel > O for

the minimum amount of fuel, oil and car maintenance, what implies that

those goods.
The degree in which the variation of travel time will result in additional goods con-

sumption a%gk_l > (0 will depend on the nature of the time change. For example, if travel

08k
aTtr{wﬂ/

be higher than when such a variation is only due to an increase in the level of congestion on
the same route. This impact will also be different depending on a variety of other aspects,
such as road roughness and steepness, the driving behavior and the type of vehicle (see,
e.g. Chatti and Zaabar 2012).

The second component of the VCT is % It can be interpreted as the subjective value of
saving consumption of good k, or the willingness to pay for a marginal reduction in the

time grows as the result of using a route that is longer, the resulting from it will likely

required consumption of k. % will be positive if the constraint for consuming the good & is
binding, meaning that the individual would like to consume less of that good. If the
constraint is not binding, % will be zero. In the case of fuel, oil, and maintenance, % is

likely to be positive.
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Resolving the first-order conditions of the behavioral model, it can be shown that %
takes the following form:

Ve oU /0Xy K 0fi(X)
TR T T e @)

aU/an

where P corresponds to the price of the good %, accounts for the pleasure or

)

displeasure associated with the consumption of good %, and ZK aax corresponds to the

impact of increasing the consumption of good k on the tlme assigned to non-leisure

activities.
For example, if the good k is car fuel, P, would be the fuel market price, the term w/ .0
will be negative if the individual is concerned about the environmental impact of usmg

fossil fuels. For the same example will be positive if consuming fuel implies longer

K

’ ax
stays at gas stations, an activity that is likely to have a positive >

Guevara (1999) and Jara-Diaz (2003) analyzed the components of VCT, but implicitly
considering only the chosen mode. In what follows, the analysis is extended to the com-
parison of the conditional indirect utilities of chosen and non-chosen modes. This allows
formulating an alternative explanation for the finding of higher VT conditional on the use
of the car.

When the user is not the operator, as e.g. in the bus, the consumption of goods such as
fuel, oil and maintenance will enter the individual’s behavioral model through the fare. But
fare is marginally exogenous from the point of view of the user because it is unlikely that a
marginal bus delay for a particular user would translate into a fare increase. In other words,
it is unlikely that a bus passenger would perceive any indirect benefit, in terms of fuel, oil
or maintenance savings, due to in-vehicle VT in the bus, at least not in the short term.

In turn, when the user is also the operator, as e.g. in the car, such indirect marginal
effect of in—vehicle VT in goods consumption is likely to exist. In this case, fuel, oil and car
maintenance is a decision of the individual, and he/she is likely to choose to consume the
minimum possible amount of them. If travel time decreases, those minimum required
amounts will also decrease, producing an indirect additional benefit from the reduction of
travel time, a benefit that will reflect in the VT. Such effect cannot be captured unless the
technological constraints in Eq. (4) are added to the microeconomic framework.

Thus, under the framework summarized by Eq. (5), a higher mode-valued VT for car can
be explained in part by the marginal additional consumption of, for example, fuel, oil, or
maintenance, goods that are not marginally accounted when traveling by bus. Assuming
that those goods are consumed to their minimum required levels, the respective term v, /2
will be positive, and then the positive sign of 0gy /0T 4. Will trigger a higher VT for car.
On the contrary, this effect will not be present when travelling by public transportation
because, in that case, the passenger is not the operator.

It is worth noting that, although including the impact that traveling has in the con-
sumption of goods allows justifying higher VT for car, so far it is unclear how to disen-
tangle this effect from others. Guevara (1999; Sect. 4.2.5) suggested a method to measure
the term VCT, which involves a set of additional assumptions and the estimation of a
discrete choice model for restricted goods consumption. Further analysis is required to
determine the feasibility of implementing such a procedure in practice.
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Alternative explanation II: differences in activity schedules by mode

The second alternative explanation for finding a higher VT conditional on the use of car
than on the use of public transportation, results from a re-interpretation of DeSerpa’s
(1971) microeconomic framework.

The random utility model, under which the VT is estimated from observed choices,
considers that users compare optimal arrangements of activities and goods consumption,
conditional on a given mode. The conditionality of the modal utility is usually stated as the
result of optimizing over continuous goods, given that certain mode is used. However, the
maximum level of utility attainable by an individual also depends on the activity schedule
he/she performs during the day, which may vary significantly between modes because of
their different features. This means that the activity schedule and the overall consumption
need not to be the same conditional on each mode.

For example, since the car is faster, it may allow visiting a larger number of places and,
therefore, performing a more complex schedule. Complexity of the feasible schedule may
also be larger for the car, because the car is more accessible, and its network is often much
larger and denser than the public transportation network, allowing the visit of a larger
number of places. Likewise, the feasible schedule of car may be more complex because the
car allows (or makes easier) to carry goods that are required to perform certain activities,
such as groceries, sport clothes, or tools. Guevara et al. (2015) found evidence, using real
data from Santiago de Chile, which seems to confirm that the use of the car induces the
performance of more complex schedules.

If the activity schedules differ by mode, the VTR might also differ by mode. For
example, consider that commuting by car makes optimal to stop at a coffee shop, but the
contrary occurs when commuting by public transportation. Time assignments and goods
consumptions for the unconstrained activities (leisure) of “being at home” and “being at
the coffee shop” will not be the same conditional on the use of the car or public trans-
portation. Equivalently, the marginal utility of the time assigned to these leisure activities
does not need to be the same, what implies that the VTR will generally differ by mode. For
example, the time assigned to the activity “being at home”, conditional on using the car,
could be shorter than the time assigned to that activity when conditioning on the use of
public transportation. In such a case, the VTR, and therefore the VT, will be higher for the
car because of the concavity of the direct utility function.

The impact of mode usage on the VTR can be described by the example shown in Fig. 1.
The left plot in Fig. 1 describes the feasible activity schedules that the individual can
perform, conditional on the use of bus. In this case, it is optimal to go straight to work
(continuous lines). Instead, visiting the coffee shop (dashed lines in the left plot) is not
convenient because the bus speed is not enough to perform such activity between “being at
home” and “being at work™ within a reasonable amount of time. The right plot of Fig. 1
describes the feasible schedules conditional on the use of car. In this case it becomes
optimal to visit the coffee shop (continuous lines), rather than go straight to work (dashed
lines in the right plot).

Since in this example the individual leaves home a little earlier when using the car than
when using the bus, because of the concavity of the utility function, the marginal direct
utility of being at home (leisure) should be higher conditional on the use of car than of bus.
In other words, for this example, the VTR will be higher conditional on the use of car than
on the use of bus. This effect is further illustrated in the example presented in “Numerical
example of proposed and classical explanations” section.
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Formally, the behavioral assumption is that the individual chooses the alternative with
the largest indirect utility, conditional on the mode j € M and schedule s € S. This problem
is summarized in Eq. (8), which is an extension of Eq. (2) that considers optimization over
modes and discrete scheduling alternatives in the set S.

MaxsgsMaijMMaxxﬁrU(Xl yoo .,X,,, T] yoe oy Tnlj: S)
s.t ZP,’X[ + Cjs = 1 V]

ics

Y Ti=t (1]

i€s (8)
T; > a;X; [Ki] Vi€ s,i# travel
T,=0 [Ki] Vi¢s,i+# travel
Ttravel 2 tjs [Ktravel]

X,ZO,T,E() VIII,,H

In the next section, this model will be further extended to include the technological
constraints described in “Alternative explanation I: differences in technological constraints
by mode” section, and will be used to develop a comprehensive numerical example to
illustrate the different sources for mode-valued variations in the VT.

But before that, it is worth noting that the model depicted in Eq. (8) could be used to
justify not only different VT by mode, but also different VT along the day. The key resides
in the consideration of a time constraint that does not sum over all possible activities, but
only over the subset S. This feature can used to account for the fact that re-assignments of
marginal savings of travel time are only possible among those activities that are within the
relevant chain of activities to which the trip belongs. Then, time saved from midday and
commuting trips could only be re-assigned to different sets of leisure activities, resulting in
differences in the VTR across the day. This method, which study is left for further research,
could be useful to complement the approaches and applications of Tseng and Verhoef
(2008), Ozbay’ and Yanmaz-Tuzel (2008) and Palety et al. (2015).

Numerical example of proposed and classical explanations

This section provides a numerical example to illustrate the classical and the two alternative
explanations proposed in this paper as potential sources for finding higher values of time
for car than for bus in mode choice models.

Consider that the person has the possibility to visit a coffee shop between home and
work, but with a small modification of his/her commuting route. The mode and schedule
options faced by the person are described in Fig. 2, where the numbers on the arrows are
the respective in-vehicle travel time in minutes, which are assumed to be fixed.

In this example, travel time by car is always shorter than by bus. If the person does not
visit the coffee shop, it takes him/her 40 min to go to work by bus and 20 min by car. If the
person does stop at the coffee shop, it takes him/her 30 min in total to go by car and 60 min
by bus. For simplicity, it is assumed that there is neither access nor waiting time associated
to the bus mode. This assumption is not essential and can be generalized.

In this case, the choice of commuting mode is not only about the choice of a mode, but
also the choice of a schedule. For each combination of mode and schedule, the person will
determine his/her indirect demand for time assignment, which is the optimal amount of
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By Bus By Car
30m I5m
Coffee Coffee
40 m Shop 20 m Shop
30m 15m

Fig. 2 Example of commuting options of mode and activity schedules

time he/she would like to assign to each activity. The conditional indirect utility for each
combination of mode and schedule will be equal to the utility evaluated at the respective
indirect demands for time assignment. The conditional modal utilities for the mode choice
model shown in Eq. (3) will correspond to the conditional indirect utilities attained with
the optimal schedule for each mode.

This choice process could be represented by the overall optimization model described in
Eqg. (8), but with the addition of the technical constraint of minimum consumption defined
in Eq. (4). By this, both proposed alternative explanations for finding higher mode-valued
VT for car can be handled with a single comprehensive model. Conditioning on each mode
and schedule, the overall problem could be transformed into four linear sub-problems that
are easier to solve. From left to right in Fig. 2, these models are: Model I, direct trip by
bus; Model II: trip by bus that stops at the coffee shop; Model III: direct trip by car; and
Model IV: trip by car that stops at the coffee shop.

For example, conditional on the use of the car and visiting the coffee shop (Model 1V),
the person’s behavior may be represented by the following optimization problem

MaxTuGU =K+ O(GGp + aFFp + aHTfI{)me + aCSTgS + OCTCTleravelC
s.t.

THome + TCS + Trraveic =T — 7T [/,t]

G+PrF+cy+ces=1—-G [ : 9)
Trraveic 2 tiv K]

F > yTrraveic (W]

T,,G,F>0

where the vector o and the power p, are the parameters of a utility function with constant
elasticity of substitution, assuming that 0 <p <1.

The individual perceives direct utility from the time assigned to activities (7), from the
amount of money G available for variable consumption and from the consumption of fuel
F. The relevant chain of activities for this mode choice problem involves only leisure time
at home Ty, (Gronau 1986); the time spent traveling by car T, and the time spent at

the coffee shop 7. Time assigned to other activities is considered to be fixed, entering the
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direct utility in the constant K. This would be the case if, for example, starting time at work
and non-leisure time at home are both fixed.

For the numerical example it is going to be assumed that p = 0.5, ag = 1, ap = —0.01,
oy =2, acs = lL,ayge = —1 and oy = —1.1. This implies that the person likes having
money available for variable consumption (oG > 0), dislikes consuming fuel (xr <0),
likes being at home (o > 0) and being at the coffee shop (ocs > 0), but dislikes traveling,
especially if doing it by bus (Jazg| > |orc])-

u, 2 and x are the Lagrange multipliers of time, income and travel time constraints,
respectively. V is the Lagrange multiplier for the restriction for the minimum amount of
fuel needed as a function of the travel time by car, and y is the respective linear parameter.
This constraint is not present when travelling by bus, and thus the amount of fuel consumed
in that case would be zero. 1 is the total available time during the day and 7 is the sum of
the time assigned to other activities that are considered to be fixed for the relevant chain of
activities under analysis. #;y is the exogenous minimum travel time by car when the coffee
shop is visited, which for the case described in Fig. 2 is equal to 30 = 15 + 15.

1 is the total income of the individual, G are the expenses that are exogenous or fixed,
ccs is a fixed cost associated with the visit to the coffee shop (e.g. cost of buffet breakfast).
cpy is the fixed travel cost of the schedule that includes visiting the coffee shop by car,
which may correspond to travel costs associated with distance. Finally, Pr corresponds to
the market price of fuel.

The overall optimization model (Eq. (8) plus Eq. (4)) can be resolved by complete
enumeration of all the combinations of modes and schedules. This is done in two stages.
First, one has to solve the problem conditional on each combination of mode and schedule.
This is, e.g., the problem depicted in Eq. (9) for the case of visiting the coffee shop by car.
Then, the global solution results from comparing the indirect utility attained, conditional
on each combination of mode and schedule. For the first stage, the problem reduces to a
continuous optimization problem as the one shown in Eq. (9).

For Model 1V, which involves visiting the coffee shop and using the car (Eq. 9), the
Lagrangian ¢ would be the following:

! = U—l—,u<1 —7T— ZT}) —}—)»(1 -G — PpF —cy — cos — G) + K(TvaelC - tIV)
+ l//(F - VTTruvelC)~ (10)

Considering that travel time by car T,,,.,c and fuel consumption F are equal to their
minimum allowed values, the person would only have the freedom to decide the optimal
time spent at home T};,,,, and the time spent at the coffee shop 7. It can be shown” that,

in such a case, the maximization of Eq. (10), implies that the optimal assignment of time is

(11)

T—7T—Hhv T—7T—ly
THomez T Lcs =

1 1 -
() ()

Besides, pt, OU /0T ryaveic, F, G, Y, A and Kk can be shown to be equal to

3 See Appendix.
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-1
u= ocHpTI"-)lome’
aU 0—1
m = aTCpT;'ravelC ’
F = VTTravelCa
G=1-G—PpF —cy — ccs, (12)

l,b = ;LPF — anprl,
4= O‘GpGp_17
oU

" H aTTravelC * ﬂp

Table 2 shows the results of solving the optimization problem for each mode-schedule
sub-problem, together with the respective conditional indirect utility attained in each case.
It is assumed that 1 — 7 = 150, I — G= 1000, c;y = 11.25, ¢y =175, ¢ =cy =5,
ccs =5and y =0.5.

Conditional on the use of the car (two last columns in Table 2), the person will choose
to visit the coffee shop, since it will allow him/her attaining a higher utility of 50.3, instead
of 49.8. In turn, conditional on the use of the bus (first two columns in Table 2), the person
will choose not to visit the coffee shop, since that will allow him/her attaining a higher
utility of 45.6, instead of 44.2. When comparing car and bus in the choice model, the
person in this example will consider attending the coffee shop in the former case, and
going straight to work in the latter. The modal utility in a mode choice model, like the one
described in Eq. (3), will be the largest conditional indirect utility attainable among the

Table 2 Summary of optimal assignment for each mode and schedule combination

Model Model I Model II Model 11T Model IV
Mode/schedule Bus/coffee S. Bus/direct Car/coffee S. Car/direct
G 990 995 980 990

F 0 0 15.0 10.0
Tiravel 60.0 40.0 30.0 20.0

Tés 18.0 0.0 24.0 0.0

T{iome 72.0 110.0 96.0 130.0

u 0.118 0.095 0.102 0.088

K 0.189 0.182 0.205 0.209

1] 0 0 0.0234 0.0198
OU /0T rraver —0.0710 —0.0870 —0.0913 —0.112

A 0.0159 0.0159 0.0160 0.0159
VT = K/ 11.9 11.5 12.8 13.2

VIR = /2 7.42 6.02 6.39 5.52
VTAzraver = [0U /0T ryaver] /2 —4.47 —5.49 —5.72 —7.04
VCT = y[y /2] 0 0 0.731 0.622

U* 442 45.6 50.3 49.8
Modal Utility Uy u;,.

Choice X
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alternative schedules for a given mode. This implies that, in this example, U}, = 50.3 and
U, = 45.6 and, therefore, the individual would choose the car and visit the coffee shop.

Since in this example the differences in travel cost by mode and the cost of attending to
the coffee shop are both negligible compared to I — G = 1000, A is almost the same until
the third significant digit for all modes and schedules. It can be seen that 4 is slightly higher
for the alternative that involves a higher cost, which in this case is visiting the coffee shop
by car. The usual assumption in mode choice models is to ignore this effect but, if it is
relevant, if would result in a slight reduction of VT for car, relative to that of the bus.

The subjective value of in-vehicle VT for car (and visiting the coffee shop) is 12.8 and
for bus (and going straight to work) is 11.5. Besides the negligible modal difference in 4,
this gap of 1.3 favoring cafs mode-valued VT can be attributed to three sources, all
pointing, in this example, toward the same direction.

The first source of differences in mode-valued VT can be attributed to differences in the
Value of saving Consumption of undesired goods when Travel time is reduced (VCT), as it
was described in “Alternative explanation I: differences in technological constraints by
mode” section. VCT in this example is 0.731 for car and O for bus. This component of VT
is related with the consumption of fuel that is induced by the travel time, and is only
present when travelling by car. Following Eqgs. (6) and (7), the VCT effect can be further
divided into the effect of fuels price (yPr = 0.125) and the effect of the dislike for fuel
(242 = 0.606).

The second source of differences in mode-valued VT can be attributed to differences in
the VTR, as it was suggested in “Alternative explanation II: differences in activity
schedules by mode” section. VTR is 6.39 for car and 6.02 for bus. This is explained by the
tighter optimal schedule attained with the car. Since when using the car it is optimal to visit
the coffee shop, the person would leave home earlier and u would be higher, with the
consequent effect in VTR.

The third source of differences corresponds to a gap in the VTAr,,,.; between modes.
This explanation is a direct application of classical De Serpas (1972) framework for the
value of travel time savings. Note that, despite in this example travel time by car is
relatively more pleasant than travel time by bus in the utility (oa7c = —1, 073 = —1.1),
VTAyaver 18 higher for the former. This occurs because, in this example, travel time by car
is shorter and, since utility is concave, a shorter travel time implies a more negative direct
marginal utility of travel time OU /0T7,4y.1, an effect that more than compensates the more
negative utility coefficient of travel time by bus in this example.

Summarizing, this example illustrates various sources for potential differences in mode-
valued VT, some of which may often result in higher values for the car than for the bus. It
should be kept in mind however that the numbers deployed are arbitrary and thus the
relative impact of each effect does not need to be close to the levels shown in this example.
New estimation methodologies would have to be developed to be able to disentangle each
component of the VT described in this example. Some insights of the nature of the potential
methods needed are given in the Conclusion section.

Conclusion
Travel time savings account for about 60 % of total benefits of transportation projects

(Hensher 2001). Therefore disentangling the components and determinants of VT play a
crucial role in transportation economics. In-vehicle VT obtained from mode choice models
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is sometimes found to be higher, conditional on the use of car than conditional on the use
of public transportation, what may seem counterintuitive from a classical microeconomic
perspective. This article describes two plausible alternative microeconomic explanations
for this empirical finding.

The first microeconomic explanation is that the marginal consumption of goods when
travelling by car depends on travel time, whereas that does not occur when travelling by
public transportation. The differences arise because the user is the operator in the case of
the car, but not in the case of public transportation. Thus, a marginal delay in car will result
in additional expenses in oil, fuel or maintenance, whereas such effect will not be present
for public transportation.

The second explanation follows from noticing that the VT is not only a characteristic of
the individual, but a combination of individual’s characteristics and the set of constraints
faced. Modal utility in a mode choice model is the maximum conditional indirect utility
that can be attained, given certain mode is used. For this, the maximization of utility does
not only include optimization over continuous goods and time, but also, among many other
things, including activity schedules. This implies that the VTR may vary across modes.
Given that the car is usually faster and more accessible, conditioning on car would allow
performing tighter schedules, resulting in higher values of time as a resource.

The classical and the two proposed alternative explanations for finding higher mode-
valued VT for car suggest that this phenomenon exists and that it may play a relevant role
in mode choice modeling. In practice, this implies that researchers should always explore
the hypothesis of mode-specific coefficients for in-vehicle travel time and, upon confir-
mation, maintain it both for forecasting and economic appraisal (see, e.g. Fliigel 2014).
Neglecting this effect may have a significant impact in the consistency of the model
parameters, as it is illustrated in the example shown in Table 1. Forecasting and project
evaluation will be utterly wrong if they are performed using inconsistent estimators (see
e.g. Guevara and Thomas 2007).

The question of what is the balance between the two extensions proposed in this article
and the classical explanations for mode-value differences in VT cannot be responded with
the tools that are currently available. Therefore, a natural extension for this research would
be to develop methods to measure and to distinguish each of the potential sources for
mode-valued differences in the VT.

A method for measuring the impact of the productivity of time by mode could consist in
surveying the use of time by mode and applying stated preference surveys that inquire
explicitly for the valuation of the time assigned to travel by different modes. The idea
would be to develop a quantitative counterpart for the qualitative approach used by Lyons
and Urry (2005). To measure the impact of risk and effort, the method proposed by
Steimetz (2008) could be applied both to private and public modes. Regarding the mea-
surement of the impact of goods consumption by mode on the VT, besides the method
suggested by Guevara (1999), one alternative could be to measure differentiated income
effects by mode using, e.g, the method proposed by Jara-Diaz and Videla (1989). Finally,
to measure the impact of schedule’s complexity by mode in the VTR, it would be possible
to explore the possibility of applying the method proposed by Jara-Diaz and Guevara
(2003), which is briefly described in “Classical microeconomic explanations for mode-
valued differences in the value of time” section, but differentiated by mode.
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Appendix: derivation of Eqs. (11) and (12)

Deriving the lagrangian ¢ in Eq. (10) with respect to the leisure activities “being at home”
and “being at the coffee shop”

-1 —1
= O(HpTlgome —pu=0= OCI‘IPTI'{)lmne =Hu
aTH{)me
o i _
—— = acspTls' —pu=0= acspTls' = u

and thus

-1 -1 -1
acspTls = oupTh o = Ths =

1
o -1
p—1 _ H
Home THome = TCS - <OC ) THome’

Oy
dcs cs

Then, considering that Tr,q..c = t;v and that Ty,

+ Teg + Trraveic = T — T, it results that

1
T—=T—tyy =Ty + (i—”b) ﬂflTvae, arriving at Eq. (11)

T—T— 1ty T—T—ly
Thome =——— ;5 Tes =

—
a7 T s \ 7T
)T )
from which Ty, and T¢s can be calculated given that © — T, #;y, acs, 0y, p are known.
Regarding, Eq. (12) first, as it was shown before, u = oy pr,;:le is obtained by deriving
¢ with respect to Txome- an—U[C = OCTCPT%;@;C 7is obtained deriving the utility by Trq4yeic-
F = yTrraveic 1s assumed to hold. G =1— G — PpF — cjy — ccs is obtained re-ar-

ranging terms of the budget constraint. v = APr — azpF?~! is obtained by deriving £ with
respect to F. 1 = agpGP~' is obtained by deriving ¢ with respect to G. Finally, k =

w— anriidC + y¢¥  is obtained deriving ¢ with respect to Tr,qveic-
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