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ABSTRACT

This paper examines the value of travel time saving (VTTS) in Japan with a meta-analysis.
216 VTTSs estimated in 68 peer-reviewed papers on travel behavior in Japan from 1979 to
2003 are used for the meta-analysis. First, the basic characteristics of VTTSs are analyzed
from the viewpoints of purpose of travel, weekday/ weekend day, type of data, urban/inter-
urban, and attribute of travel. Then, the regression analyses are conducted with all VTTS
estimates, with VTTS estimates of urban travels, and VTTS estimates of inter-urban travels.
The estimation results show that the VTTS estimated with stated preference data is lower
than the VTTS estimated with revealed preference data; the VTTS of business travel is
higher than the VTTSs of home-to-school, private, and leisure travels; the VTTSs of
access/egress time, wait time, and transfer time are higher than the VTTS of in-vehicle time.
They also show that the VTTS on weekdays is not significantly different from that on
weekend days; The VTTS of urban travel is not significantly different from that of inter-urban
travel. In terms of travel mode, the characteristics depend on whether it is urban travel or
inter-urban travel.

Keywords: Value of travel time saving, passenger transportation meta-analysis, Japan

1. INTRODUCTION

The dominant benefit component of a transportation investment is a travel time saving. The
value of travel time saving (VTTS) is widely used to evaluate the benefit of travel time saving.
There have been many empirical and theoretical studies on the VTTS after the economic
theory of time allocation was introduced in the 1960s. It was Becker (1965) who first
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suggested that a consumer gains utility only from the consumption of time and not from the
goods consumed directly. After Becker's work, several researchers such as Oort (1969),
DeSerpa (1971), and Evans (1972) have developed the time allocation model in which the
consumer’s utility is maximized with respect to time and goods consumption under the
constraints of the available time and money budgets. Then, in the late 1970s and 1980s, the
disaggregate models became the most popular approach taken for empirical analysis of
VTTS. Train and McFadden (1978) using the choice of mode for the home to workplace trip,
show that the conditional indirect utility function formulated in discrete choice theory will give
the value of travel time savings as the marginal substitution rate between travel time and
travel cost. In similar manner, Truong and Hensher (1985) and later discussions (Bates,
1987; Truong and Hensher, 1987) show how Becker's model and DeSerpa’s model can be
incorporated into the VTTS estimation within the discrete choice model framework. It was
MVA et al. (1987) that had the initial review study of value-of-time. They reviewed a few
studies available against which to compare its results. Then, in the 1990s, the experimental
data collection methods including Stated Preference (SP) survey was introduced in addition
to the conventional Revealed Preference (RP) methods. National value-of-time studies have
been conducted in some European countries including Great Britain, the Netherlands,
Norway, Sweden, and Finland, including MVA et al. (1987), Hague Consulting Group (1990),
Gunn and Rohr (1996), Pursula and Kurri (1996), Ramjerdi et al. (1997), Hague Consulting
Group et al. (1999), Small et al. (1999), Dillen and Algers (1999), Gunn et al. (1999),
Hensher (2001), and Mackie et al. (2003). On the basis of a very large number of studies that
provide estimates of the value of travel time, the meta-analyses of value-of-time have started.
Wardman (1998; 2001; 2004) presented the review of British evidence regarding the value of
travel time. Zamparini and Reggiani (2007a; 2007b) compared the estimated value of travel
time among European and North American countries. Bickel et al. (2006) show the results of
HEATCO meta-analysis based on 77 studies from 30 countries for passenger transport in EU
25 countries and Switzerland. However, no meta-analysis on the VTTS has been reported in
Japan although a number of empirical studies analyzed the travel behaviors and estimated
the VTTSs.

This paper adds new evidence to the body of research related to meta-analysis in the context
of Japan. The studies that estimate the VTTS of Japanese travelers mainly with the discrete
choice models are used for our meta-analysis. They include the studies of urban
transportation as well as inter-urban transportation. They cover the modal choice, route
choice, parking choice, etc. 261 VTTSs estimated in 68 refereed papers are considered for
the analysis. This is the first trial of meta-analysis of VTTS in Japan.

Our approach is the development of a regression model to explain variations in the VTTS
estimates across studies as a function of important variables. This approach has been
devised as a quantitative method for a review of scientific studies (Huterm and Schmidt,
2004; Kulinskaya et al., 2008; Rosenthal and Di Matteo, 2001). In transportation economics,
there are some applications of this approach. Baaijens et al. (1997) used the meta-analysis
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to study the regional tourist income multipliers; Kremers et al. (2002) used the meta-analysis
to analyze the price elasticities of transportation demand; Espey (1998) analyzes the
gasoline demands by using an international meta-analysis of elasticities. As far as VTTS is
concerned, Wardman (1998) performed the meta-analysis of VTTS with a large number of
studies conducted in Great Britain for various attributes related to individual trips; Wardman
(2004) shows the meta-analysis of public transport values of time with the studies conducted
in Great Britain; Zamparini and Reggiani (2007a) provides a meta-analytical estimation of a
selection of empirical studies, emphasizing the similarities and the differences between
European and North-American observations; Zamparini and Reggiani (2007b) investigated
the value of freight travel time savings based on meta-analysis of a sample of empirical
observations related to several European and North American countries.

The paper is organized as follows. Section 1 presents the motivations and goals of this paper.
Section 2 shows the data set used in the meta-analysis. In Sections 3 and 4, the results of
meta-analysis are shown with the method used in the analysis. The findings are discussed
on the basis of estimated results in Section 5. Finally, the implications are shown in
comparison with the past meta-analysis in other countries and further research issues are
presented.

2. DATA SET

We reviewed the academic papers that were all peer-reviewed in the journals published in
Japan. They include the Journal of Infrastructure Planning and Management (Japan Society
of Civil Engineering (JSCE)); Infrastructure Planning Review (JSCE); Transport Policy
Studies’ Review (Institute for Transport Policy Studies); Traffic Engineering (Japan Society of
Traffic Engineers); Urban Planning Reviews (City Planning Institute of Japan). The data used
in those papers were all collected in Japan. 81 academic papers were collected. Then, for
each VTTS estimate, corresponding information was collected including the year of data
collection; associated annual GDP; the season of data collection; sample size; the types of
travel including urban travel or inter-urban travel ', attributes of travels including in-
vehicle/waiting/transfer/access/egress; choice context; the location where the survey was
conducted; the type of data used in estimation; purpose of travel; the choice set assumed in
model; the type of model used in estimation; weekday or weekend day; purpose of study;
and age of respondents. Moreover, the coefficients and corresponding t-statistics in the
estimated models for travel time and travel cost as well as likelihood ratio were collected for
each VTTS estimate.

' The urban travel includes the daily travels from sub-urban area to central business district. It mainly
covers home-based travels such as home-to-workplace and home-to-school travels. The inter-urban
travel includes long-distance travels between cities or regions. When the studies do not indicate the
type of travel explicitly, we categorized them by its distance. When the travel distance is over 100km,
it is categorized as the inter-urban travel.
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Then, we screened the papers in the following steps. In the first step, we selected the papers
containing all the pieces of information necessary for the meta-analysis from the entire set of
available VTTS papers. Additionally, the papers that displayed ambiguous information were
eliminated. In the second step, we chose a single VTTS from the papers that estimated
multiple VTTSs based on a single sample. We chose a VTTS from such papers that is
estimated with the model obtaining the best fithess among models. Note that the VTTSs
estimated with the different samples were not eliminated even if they are estimated by the
same authors in a same paper. In the third step, we selected the VTTSs that were estimated
with the models which contain the significant coefficients statistically. If travel time or travel
cost in the utility function is not significant at 95 per cent confidence level, the corresponding
VTTS estimates were eliminated. In the final step, we also eliminated the negative VTTSs.
This is because the VTTS estimated with the discrete choice models are expectedly positive
from the theoretical viewpoint as shown earlier.

On the basis of the above-mentioned considerations, a sample of 68 academic papers where
the data were collected between 1979 and 2003 was selected, and these yielded 261 VTTSs.

3. ANALYSIS OF DESCRIPTIVE STATISTICS

As the VTTSs are estimated in various years, they are adjusted into the price level in 2000
by using GDP deflators. Table 1 presents descriptive statistics for the overall adjusted VTTSs.
First, the average VTTSs vary among purposes of travel. The VTTS of business travel is
157.7 yen/minute, the highest among travel types. Although the business travelers may
include employers and employees, our data cannot distinguish the one from the other
unfortunately. However, all VTTSs of business travel are estimated with RP data, we expect
that the resulting valuations should be a reflection of the employer’s valuation of time saved
rather than the employees’. The VTTS of home-to-school travel is 11.6 yen/minute, the
lowest. This may be very reasonable. The average VTTS of home-to-workplace is 40.9
yen/minute. Note that the average wage rate in Japan in 2000 is about 30.0 yen/minute.
Interestingly, the VTTS of leisure travel is higher than that of home-to-workplace. This may
be because 25 out of 32 VTTS estimates in leisure travels are inter-urban leisure travel.

Second, the average VTTS on weekdays is 43.4 yen/minute while the average VTTS on
weekend days is 48.6 yen/minute. As the t statistic to test whether the two means are
different is 0.456, the null hypothesis that the means of two means are equal is not rejected.
This may mean the VTTS on weekdays is indifferent from the VTTS on weekend days.

Third, the average VTTS estimated with RP data is 57.1 yen/minute while the average VTTS
estimated with SP data is 40.6 yen/minute. As the t statistic to test whether the two means
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are different is 2.08, the null hypothesis that the means of two means are equal is rejected at
95 per cent confidence level. This may mean the average VTTS estimated with RP data is
significantly higher than the average VTTS estimated with SP data. There is some
uncertainty as to whether the average VTTS estimated with RP/SP combined models
actually represents the reality. 4 out of 6 papers, including 16 out of 21 VTTS estimates with
RP/SP combined models were concerned with the scientific analysis on travel behavior,
which are not intended to be used in practical work.

Fourth, the average VTTS of inter-urban travel is 92.5 yen/minute while the average VTTS of
urban travel is 34.1 yen/minute. The average VTTS of inter-urban travel is obviously higher
than the average VTTS of urban travel. Earlier studies show that the higher the VTTS is, the
longer the travel distance is (For example, Axhausen, et al., 2008). As the inter-urban travel
requires expectedly longer travel distance than the urban travel, the VTTS of inter-urban
travel may be also higher than that of urban travel.

Fifth, the average VTTS of in-vehicle time is 30.3 yen/minute, which is almost equivalent to
the average wage rate in Japan as of 2000. The average VTTSs of access/egress time, wait
time, and transfer time are higher than the average VTTS of in-vehicle time. The VTTSs are
often expressed in units of in-vehicle time because transportation analysts and planners can
more readily interpret such values than monetary values and they are also more transferable
both spatially and temporally (Wardman, 2001). The average VTTSs in units of in-vehicle
time are 1.74, 1.21, and 1.28 in access/egress time, wait time at origin station, and transfer
time at station respectively. In the meta-analysis of Great Britain, Wardman (2001) shows
that the values of access time, wait time, and walk and wait are 1.81, 1.47, and 1.46
respectively. The transfer time at station may be regarded to be equivalent to the walk and
wait time. Then, the results in Japan seem very similar to the results in Great Britain. On the
one hand, as the t statistic to test whether the average VTTS of access/egress time is
different from that of in-vehicle time is 1.80, the null hypothesis that the means of two means
are equal is rejected at 90 per cent confidence level. On the other hand, as the t statistics to
test whether the average VTTSs of wait time and transfer time are different from the average
VTTS of in-vehicle time are 0.75 and 1.26 respectively, the null hypotheses that the means of
two means are equal are not rejected. Thus, from the statistical viewpoints, the average
VTTSs of the wait time and transfer time are not different from the average VTTS of in-
vehicle time.
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Table 1 — Descriptive statistics of VTTS estimates (yen/minute, 2000-year price)

Mean S.D. S.E. 25% 50% 75% Obs

Purpose of travel

Business 157.7 152.9 39.5 61.1 75.9 230.5 15

Home-to-workplace 40.9 304 4.8 14.8 38.0 57.8 40

Home-to-school 11.6 5.7 1.3 6.7 11.5 16.0 18

Home-to-workplace and -school 40.6 324 3.8 14.1 31.7 57.9 71

Private 39.2 22.6 3.7 21.1 31.3 60.7 37

Leisure 55.8 66.8 12.2 18.2 32.8 58.9 30

Others 48.6 69.8 9.9 12.7 26.8 55.8 50
Weekday/weekend day

Weekday 43.4 50.8 4.3 13.4 27.6 59.0 137

Weekend day 48.6 63.2 10.5 14.2 25.8 53.7 36
Type of data

RP 57.1 71.8 5.9 20.1 36.8 62.2 150

SP 40.6 50.1 5.3 13.0 23.9 56.7 90

RP+SP 20.2 24.8 5.8 6.2 10.7 20.5 21
Urban/inter-urban

Urban 34.1 27.7 2.0 13.4 24.8 50.1 197

Inter-urban 92.5 107.2 13.4 29.4 58.8 104.6 64
Attribute of travel

Access/egress time 52.7 81.8 11.8 19.1 32.2 58.3 48

Wait time at origin station 36.6 31.1 7.3 14.2 31.1 46.7 18

Transfer time at station 38.7 21.5 5.4 20.0 33.4 571 16

In-vehicle time 30.3 31.1 3.9 11.8 17.5 39.4 65
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4. REGRESSION ANALYSIS

4.1 The models

The following multivariate linear regression model is used for meta-analysis:
log(VTTS):/J+ZaiZ,-+5 (1)

where , denotes a constant; z, denotes the i th explanatory variable; o, denotes the ith
coefficient; and & denotes the error term following the normal distribution.

The explanatory variables are all categorical. Each variable has the following two possible
values:

-- 0, if the related observation does not belong to the considered subgroup;

-- 1, if the related observation belongs to the considered subgroup.

The variables are classified into factor variables and dummy variables. First, the factor
variables include the choice context, type of model, age, type of data, type of travel,
weekday/weekend day, attribute of travel, research purpose, and urban/inter-urban. Each
factor variable has one to six subgroups in it. The choice context includes the subgroups of
modal choice, route choice, destination choice, parking location choice, and airport choice.
The type of model includes binary logit, multinomial logit model (MNL), mixed logit model
(MXL), nested logit model, multinomial probit (MNP), and others. The age includes 65 year-
old or more, less than 65 year-old and no data available. The type of data includes stated
preference data (SP), revealed preference data (RP), and a combination of revealed
preference data and stated preference data (RP+SP). The type of travel includes business,
home-to-workplace, home-to-school, home-to-workplace and -school, private, leisure and
others. The weekday/weekend day includes weekday, weekend day and no data available.
The attribute of travel includes access/egress time, wait time at origin station, transfer time at
station, headway, parking time, in-vehicle time, walk time, and others. The research purpose
includes VTTS estimation, policy evaluation, and behavioral analysis. In the regression,
baseline subgroups are defined for each factor. The meaning of baseline subgroup is
explained as follows. Suppose baseline variables and corresponding coefficients in each
factor variable. Note that the baseline variables can also have only two values (0 and 1).
Then, the regression analysis with the factor variables means that the baseline variables are
assumed to be 1 in regression. Thus, the regression coefficients regarding the factor
variables measure the differences in average VTTS from the hypothetical set of studies
characterized by all value of 1 of the baseline variables.

Next, the dummy variables include the mode-specific dummy and cross dummy. The
subgroup with respect to mode specific dummy variable includes the VTTS that are
estimated with a model including a travel mode in its choice set. For example, when a
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discrete choice model includes automobile, rail, and bus in its choice set, the dummy of
automobile, rail, and bus are equal to 1 while others are equal to 0. The subgroup with
respect to cross dummy variable includes the VTTS that are estimated with a model
including a combination of travel mode and the choice context. The route choice of air
transportation, the destination choice of air transportation and airport choice of air
transportation are considered in our model as the cross dummy variables. Given that the
dummy variables can only assume two values (0 and 1), the regression coefficients
regarding the dummy variables measure the differences in average VTTS from the
hypothetical set of studies characterized by all value of 0 of these dummies. As the “baseline
VTTS” is introduced to the factor variables, exactly to say, the dummy variables actually
measure the differences in average VTTS from the baseline VTTS characterized by all
values of 1 of the hypothetical baseline variables as well as by all values of 0 of the
hypothetical dummy variables.

Ordinary least square (OLS) and weighted least square (WLS) are examined for regression
analysis (Green, 2008). The OLS regression assumes that the variance of residual error
should be constant for all values of the independent(s). If the independent(s) has/have
different error variance at different ranges of their values, then the estimates of the
regression coefficients will have unduly large standard errors for some ranges of the
dependent and too small for other ranges. This will reduce the power of significance tests.
The WLS regression compensates for violation of the homoscedasticity assumption by
weighting cases differentially. As the weight parameter, we used the asymptotic t statistic for
VTTS, which is estimated from the estimated coefficients and t-statistics of travel time and
travel cost by following the method shown by Armstrong et al. (2001).

4.2. Estimation results

4.2.1 Regressions with all VTTS estimates

Tables 2 presents the results of regression analyses by using all VTTS estimates. First, the
adjusted R? is 0.57 in OLS regression while it is 0.66 in WLS regression. R? in WLS
regression is better than the one in OLS regression probably because there may be
heteroscedasticity in the VTTS data. Note, however, that the heteroscedasticity is not
significant by the statistical test.

Second, the coefficient of subgroup “RP” is significantly positive in OLS regression. This
means that the VTTS estimated with RP survey data is higher than that estimated with SP
survey data. This may be first because of the methodological characteristics of SP valuations
as Wardman (2001) pointed out. He showed the following four possible explanations for SP
valuations being lower than RP valuations: strategic response bias causes greater sensitivity
to cost variation; simplified SP task for respondents makes them ignore cost than other
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attributes; ignorance of attribute variations which are no realistic in SP exercises reduces
their coefficient estimate; and the bias caused by headway in RP models. They may be also
the cases in our context. Additionally, in the context of urban commuting travel in Japan, the
commuters do not mind the travel cost much because they are usually compensated for their
travel expenses as an additional salary from their employers in Japan.

Third, the coefficient of subgroup “home-to-school” travel is significantly negative in both
regressions. The coefficients of subgroups “private”, “leisure”, and “others” travels are
significantly negative in OLS regression. They mean that the VTTSs of the home-to-school,
private, and leisure travels are lower than business travel. The coefficient of home-to-school
travel is the lowest. This means that the VTTS of school travel is the lowest among purposes
of travel. This is because the students have low willingness to pay for saving travel time
since they usually owe their travel cost to their parents.

Fourth, the coefficients of subgroups “access/egress time”, “wait time at origin station”, and
“transfer time at station” are significantly positive in both regressions. These mean that the
VTTSs of access/egress time, wait time, and transfer time are higher than the VTTS of total
travel time. Note that the total travel time means the travel time including all attributes of
travels from an origin to a destination. On the other hand, the coefficient of subgroup “in-
vehicle time” is not significantly different from the total travel time. Thus, it may mean that the
VTTSs of access/egress time, wait time, and transfer time are higher than the VTTS of in-
vehicle time. The VTTS of wait time or walk time is higher because the wait or the walk time
gives more fatigue or boredom to travelers than in-vehicle time. Next, the coefficient of
subgroup “parking time” is significantly negative in both regressions. This means that the
VTTS of parking is lower than the VTTS of total travel time. This is reasonable because the
parking time in an automobile is more comfortable than walk/wait time. The coefficient of
subgroup “headway” is significantly negative in OLS regression. This means that VTTS of the
headway in public transit service is lower than the VTTS of total travel time. This may reflect
not only the effects of convenience and/or wait time at station but also the reliability of
service. The VTTS of headway is low probably because the public transit service is reliable in
Japan. Otherwise, the VTTS of headway should be similar to the VTTS of wait time if arrivals
for services are random.

Fifth, the coefficients of subgroups “automobile”, “air transportation”, and “park & ride” are
significantly positive in both regressions. This means that the VTTS estimated with a model
including automobile, air transportation, or park & ride in its choice set is higher than the
baseline VTTS estimate. The coefficients of subgroups “bus” and “ferry” are significantly
negative in OLS regression. This means that the VTTS estimated with the model including
bus in its choice set is lower than the baseline VTTS estimate. Then, it is summarized that
the VTTSs estimated with the model including automobile, air transportation, and park & ride
are higher than the VTTSs estimated with a model including bus and ferry. This probably
reflects the income level or wage rate of travelers. Those who have automobile or air
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transportation in their choice set have higher willingness to pay for saving travel time than
those who do not have. Moreover, the coefficient of “air transportation” is the highest among
travel modes. This means that the VTTS estimated with the model including air
transportation in its choice set is the highest. This may reflect that the travelers who possibly
choose air transportation have higher willingness to pay for saving time, such as business
man, than others.

4.2.2 Regressions with VTTS estimates of urban travel

Tables 3 presents the results of regression analyses by using VTTS estimates of urban travel.
The adjusted R? is 0.61 in OLS regression while it is 0.67 in WLS regression. These results
are slightly better than the regressions with all VTTS estimates. First, the coefficient of
subgroup “route choice” is significantly positive in both regressions. This means that the
VTTS estimated with route choice model is higher than the VTTS estimated with modal
choice model. The coefficients of subgroups “destination choice” and “parking location choice”
are significantly negative in both regressions. This means the VTTSs estimated with
destination choice model or parking location choice model is lower than the VTTS estimated
with modal choice model. The possible reason for higher VTTS in route choice model is
because many of route choice models were estimated in the urban rail network of the Tokyo
Metropolitan Area. The wage rate in Tokyo is higher than that in other regions in Japan.

Second, the coefficient of subgroup “MNP” is significantly negative in both regressions while
the coefficient of subgroup “others” is significantly positive in both regressions. The reason
for these is not sure.

Third, the coefficient of subgroup “home-to-school” is significantly negative in OLS regression.
This is the same result as the regression with all VTTS estimates.

Fourth, the coefficients of subgroups “access/egress time”, “wait time at origin station”, and
“transfer time at station” are significantly positive. The coefficient of subgroup “headway” is
significantly negative in OLS regression. These are the same results as the regression with
all VTTS estimates.

Fifth, the coefficient of subgroup “public evaluation” is significantly negative at 95 per cent
confidence level in OLS regression while it is significantly positive at 90 per cent confidence
level in WLS regression. The reason for the different sign between two regressions is not
sure. The coefficient of subgroup “behavioral analysis” is significantly positive in WLS
regression. This means that the VTTS in the paper which is concerned with behavioral
analysis is higher than the VTTS in the paper which is concerned with VTTS estimation. This
is partly because the studies which intend to estimate VTTS may prefer lower VTTS. This
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may reflect the political pressure on researchers for suppressing the VTTS in the context of
Japan.

4.2.3 Regressions with VTTS estimates of inter-urban travels

Tables 4 presents the results of regression analyses by using VTTS estimates of inter-urban
travel. First, the adjusted R? is 0.89 in OLS regression while it is 0.95 in WLS regression.
These are much higher than the regressions of urban travels.

Second, the coefficient of subgroup “destination choice” is significantly positive in both
regressions. The reason for it is not sure.

Third, the coefficient of subgroup “MNL” is significantly positive in both regressions. The
coefficients of subgroups “MXL”, “MNP” are significantly positive in OLS regression while the
coefficient of subgroup “others” is significantly negative.

Fourth, the coefficients of subgroups “access/egress time” and “in-vehicle time” are
significantly positive in both regressions. This means that the VTTSs of access/egress time
and in-vehicle time are higher than the VTTS of total travel time. The VTTS of in-vehicle
time is higher than the VTTS of access/egress time. This may be because of disutility
generated from travel time. The in-vehicle hours are much longer than the access/egress
time in inter-urban travels. The earlier studies show that longer distance means higher VTTS.

Fifth, the coefficients of subgroups “policy evaluation” and “behavioral analysis” are
significantly positive in both regressions. As discussed earlier, this may reflect the political
pressure on researchers for suppressing the VTTS in the context of Japan.

Sixth, the coefficient of subgroup “rail” is significantly positive in both regressions. The
coefficient of subgroup of “air transportation” is significantly positive in WLS regression. On
the other hand, the coefficient of subgroup “auto” is significantly negative in OLS regression.
These mean that the VTTSs estimated with a model including the rail or air transportation in
its choice set are higher than the baseline VTTS while the VTTS estimated with a model
including automobile in its choice set is lower than the baseline VTTS. This may be because
the inter-urban travelers who may use the rail or air transportation are business persons who
have high willingness to pay for saving travel time.
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Table 2 — Estimation results with all VTTS estimates

OLS regression

WLS regression

Variables Coefficients t-statistics Coefficients t-statistics
Choice context (Baseline is modal choice)
Route choice 0.31 1.28 0.44 1.36
Destination choice -0.44 -1.17 -0.08 -0.19
Parking location choice 0.14 0.37 0.04 0.07
Airport choice -0.05 —0.11 0.61 1.37
Type of model (Baseline is binary logit)
MNL 0.12 0.63 0.04 0.15
MXL 0.11 0.30 1.13 1.57
Nested Logit -0.32 —-1.44 -0.39 -1.40
MNP -0.34 -1.04 0.20 0.46
Others —-0.08 —-0.34 0.47 1.43
Age (Baseline is 65 year-old or more)
Less than 65 year-old -0.44 -1.15 -1.05 -1.45
No data available -0.45 -1.34 -0.94 —1.47
Type of data (Baseline is SP)
RP 0.40 211 0.1 0.48
RP+SP 0.21 0.81 0.22 0.74
Purpose of travel (Baseline is business)
Home-to-workplace -0.07 -0.25 -0.39 -0.80
Home-to-school -1.19 -3.81 ** -1.09 —-2.20 **
Home-to-workplace and -school -0.28 -1.00 -0.22 -0.46
Private -0.66 211 * -0.00 —0.01
Leisure -0.69 -1.82 * -0.29 0.44
Others —-0.49 -1.68 * 0.63 -1.13
Weekday/weekend day (Baseline is weekday)
Weekend day 0.17 0.47 -0.85 -1.52
No data available 0.29 1.25 -0.12 -0.34
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Table 2 — Estimation results with all VTTS estimates (continued)

Attribute of travel (Baseline is total travel time)

Access/egress time 0.63 317 *** 1.22 5.20 ***
Wait time at origin station 0.73 3.01 *** 1.03 3.42 ***
Transfer time at station 0.68 257 ** 1.41 434 ***
Headway -0.65 -2.26 ** 0.02 0.10
Parking time -0.83 -214 ** -0.68 -1.83 *
In-vehicle time 0.11 0.60 0.29 1.41
Walk time 0.33 0.87 0.66 1.54
Others 0.34 0.62 0.59 0.76
Research purpose (Baseline is VTTS estimation)
Policy evaluation -0.08 -0.43 0.75 3.20 ***
Behavioral analysis 0.10 0.52 0.55 1.88 *
Urban/Inter-urban (Baseline is urban)
Inter-urban 0.43 1.47 0.68 1.87 *
Mode-specific dummy variable
Rail 0.08 0.38 0.10 0.41
Auto 0.62 2.88 *** 0.68 220 **
Bus -0.52 -2.93 *** -0.14 -0.60
Air transport 1.39 3.67 *** 1.50 262 ***
Ferry -1.12 -2.31 ** -0.14 -0.23
Walk 0.12 0.48 0.15 0.59
Park & Ride 1.04 436 ** 1.26 3.70 ***
Cross dummy variable
Air-route choice -0.76 -1.91 ~ -0.11 -0.18
Air-destination choice 0.27 0.51 0.41 0.54
Air-airport choice 0.11 0.12 1.38 0.40
Constant 2.95 575 *** 2.11 258 ***
R® 0.57 0.66
Number of observations 245 245
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Table 3 — Estimation results with VTTS estimates of urban travels

OLS regression WLS regression
Variables Coefficients t-statistics Coefficients t-statistics
Choice context (Baseline is modal choice)
Route choice 0.68 253 ** 1.21 3.59 ***
Destination choice -2.36 -2.81 *** -3.09 —-4.50 ***
Parking location choice -1.03 241 * -1.55 -3.41 **
Type of model (Baseline is binary logit)
MNL -0.22 -1.19 -0.25 -1.02
MXL —-0.46 -0.79 -0.80 -0.93
Nested Logit —-0.08 -0.24 0.55 1.27
MNP -0.79 -219 * -1.02 -218 **
Others 0.81 311 1.33 292 ***
Age (Baseline is 65 year-old or more)
Less than 65 year-old -0.20 —-0.64 -0.28 -0.44
No data available -0.44 -1.50 -0.57 —-0.98
Type of data (Baseline is SP)
RP 0.04 0.23 —-0.45 -1.94 *
RP+SP —-0.39 -1.43 -0.57 -1.81 *
Type of travel (Baseline is business)
Home-to-workplace 0.17 0.40 0.02 0.02
Home-to-school -1.04 -2.31 ™ -1.37 -1.59
Home-to-workplace and -school -0.09 -0.20 -0.16 -0.19
Private -0.62 -1.21 -0.19 -0.20
Leisure -0.11 -0.17 0.63 0.61
Others -0.15 -0.28 0.11 0.11
Weekday/weekend day (Baseline is
weekday)
Weekend day —-0.06 -0.12 -1.15 -1.94 ~*
No data available 0.47 1.80 * 0.05 0.16
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Table 3 — Estimation results with VTTS estimates of urban travels (continued)

Attribute of travel (Baseline is all travel
time)

Access/egress time 0.44 231 ** 1.07 491 ***
Wait time at origin station 0.59 270 ** 0.95 3.49 ***
Transfer time at station 0.55 235 ** 1.24 431 ***
Headway —-0.58 -233 * —-0.08 -0.39
Parking time 0.40 -1.00 0.36 0.77
In-vehicle time -0.02 -0.10 0.15 0.77
Walk time 0.28 0.87 1.78 1.78 *
Others —-0.30 -0.63 —-0.05 —-0.07
Research purpose (Baseline is VTTS
estimation)
Policy evaluation —-0.45 -2.20 * 0.41 1.74 *
Behavioral analysis -0.04 -0.15 0.99 3.04 ***
Mode-specific dummy variable
Rail -1.23 —-4.65 *** -1.76 -5.86 ***
Auto 0.61 270 ** 1.05 3.42 ***
Bus -0.72 -3.08 *** -1.22 -4.00 ***
Walk 0.42 -1.74 * -0.60 -2.36 **
Park & Ride 0.73 261 *** 0.27 0.72
Constant 4.55 7.58 *** 4.03 426 ***
R? 0.61 0.67
Number of observations 183 183
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Table 4 — Estimation results with VTTS estimates of inter-urban travels

OLS regression

WLS regression

Variables Coefficients t-statistics Coefficients t-statistics
Choice context (Baseline is modal choice)
Route choice -0.79 -191 * -0.71 -0.70
Destination choice 0.97 3.22 *** 1.30 3.71
Airport choice —-0.30 -1.08 —0.44 -0.79
Type of model (Baseline is binary logit)
MNL 2.25 560 *** 2.77 461 ™
MXL 1.46 3.14 *** 1.24 1.45
Nested Logit -0.45 -1.65 * -0.52 -1.30
MNP 1.38 236 ** 1.04 0.78
Others -1.45 -2.92 ** —-0.93 -1.16
Age (Baseline is 65 year-old or more)
No data available 0.13 0.16 0.32 0.19
Type of data (Baseline is SP)
RP 0.03 0.05 0.86 0.65
Purpose of travel (Baseline is business)
Private 0.81 1.62 0.85 1.08
Leisure -0.38 -0.97 -0.64 -0.88
Others 0.49 1.08 0.68 0.87
Weekday/weekend day (Baseline is
weekday)
Weekend day -0.20 -0.44 -0.42 —-0.53
No data available -0.94 -1.81 ~ -1.17 -1.43
Attribute of travel (Baseline is total travel time)
Access/egress time 0.94 233 ** 1.60 243 **
In-vehicle time 2.34 448 *** 1.87 1.97 *
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Table 4 — Estimation results with VTTS estimates of inter-urban travels (continued)

Research purpose (Baseline is VTTS estimation)

Policy evaluation 0.66 1.82 ~ 0.97 207 **
Behavioral analysis 1.01 263 *** 1.49 2.80 ***
Mode-specific dummy variable
Rail 2.68 6.70 *** 2.53 3.40 ***
Auto -1.49 -2.25 * -1.57 -1.34
Bus 0.05 0.10 -0.09 -0.09
Air transport 0.21 0.53 0.79 232 **
Ferry -0.37 —-0.51 1.14 0.94
Constant 1.69 1.99 * 0.18 0.14
R? 0.89 0.95
Number of observations 62 62
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5. DISCUSSIONS

5.1. Variation of VTTS by travel purpose

The results of the regressions with all VTTS estimates show that the VTTS of business travel
is higher than the VTTSs of home-to-school travel, private travel, and leisure travel. The
estimated VTTSs of business travel, home-to-school travel, private travel, and leisure travel
are 34.1, 10.4, 17.6, and 17.1 yen per minute respectively when it is assumed that the all-
data-OLS-regression-based VTTS of total travel time on a weekday is estimated for the
purpose of VTTS estimation with a binary-logit-based modal-choice model using RP data for
auto-use urban travels of less than 65 year-old travelers. This means that the ratios of
VTTSs of home-to-school travel, private travel, and leisure travel to VTTS of business travel
are 0.30, 0.52, and 0.50, respectively. This is similar to the results of meta-analysis in other
countries (For example, in Great Brain Wardman, 2001). In other countries, the VTTS of the
non-business travel is often considered to be about 50 % of the VTTS of business travel
(Small and Verhoef, 2007). The reasons for higher VTTS of business travel are considered in
the following two ways. The first case is that the employers are traveling for business
purpose. As the employers have higher wage rate than others in general, their VTTS
becomes also higher. The second case is that the employees are traveling for business
purpose. As the employed business persons follow the resource allocation shown by
employers, their VTTS reflects the VTTS of employers.

Interestingly, the VTTS of home-to-workplace travel and the VTTS of home-to-workplace and
-school are not significantly different from the VTTS of business travel in the regressions with
all VTTS estimates and the regression with VTTS estimates of urban travels. For example,
the estimated VTTSs of business travel, home-to-workplace travel, and home-to-workplace
and -school travel are 34.1, 31.8, and 25.8 yen per minute respectively when it is assumed
that the all-data-OLS-regression-based VTTS of total travel time on a weekday is estimated
for the purpose of VTTS estimation with a binary-logit-based modal-choice model using RP
data for auto-use urban travels of less than 65 year-old travelers. This means that the ratios
of VTTSs of home-to-workplace travel and home-to-workplace and -school travel to VTTS of
business travel are 0.93 and 0.76, respectively. Note that the VTTS of “home-to-workplace
and -school” is considered to be nearly equal to the VTTS of home-to-workplace because the
number of commuters is much more than that of the student travelers in general. Why is the
VTTS of home-to-workplace travel as high as the VTTS of business travel in Japan? There
are two possible reasons for high VTITS of home-to-work travel. The first reason is the
serious traffic congestion during morning peak hours, particularly in urban rail service in large
cities. For instance, in Tokyo, the serious in-vehicle congestion of rail service during morning
peak hours forces the commuters to keep standing in the clammed space for long travel time.
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This should increase the value of travel time as a commodity for home-to-work travels. The
second reason is the unique work time system in Japan. The most companies in Japan apply
the fixed work time system, in which the employees must start their work at the fixed time, for
instance 8:30 am. This means that many commuters face the tight time constraint, under
which they cannot adjust the leisure time between morning and other time of a day. If it is
assumed that the marginal utility is decreasing by following the conventional microeconomic
theory, the marginal utility with respect to leisure time is larger with the morning-time-
constraint than without the morning-time-constraint. This leads to higher value of travel time
as a resource for home-to-work travels.

5.2. Variation of VTTS over travel time

Although the VTTS of inter-urban travel is not significantly higher than the VTTS of urban
travel, the VTTSs of inter-urban rail and air transportation are higher than the VTTS of
automobile. As discussed earlier, one of the possible reasons is because the inter-urban
travelers who may use the rail or air transportation are business persons who have high
willingness to pay for saving travel time. The other possible reason is because the total travel
time in inter-urban rail-use and air-transportation-use travels is longer than that in inter-urban
automobile-use travel. In general, longer travel time cause higher VTTS. This is because the
longer travel time reduces the available time for leisure. If it is assumed that the marginal
utility with respect to leisure time is decreasing as leisure time increases, the reduction of
leisure time leads to higher marginal utility with respect to leisure time. However, it should be
noted that the individuals may extend their time budget if the travel time is too long. For
example, when the leisure time at the destination is too short due to the long travel time, the
travelers change their schedule from one-day trip to over-night stay trip. In this case, as the
time constraint is loosened, the VTTS may be reduced. This case was reported by Kato and
Onoda (2009) in the context of inter-urban transportation in Japan.

5.3. Variation of VTTS by travel mode

The VTTSs of access/egress travel, wait time at origin station, and transfer time at station
are higher than the VTTS of in-vehicle travel time. This is mainly because the value of travel
time as a commodity is greater in in-vehicle travel time than that in access/egress travel, wait
time, and transfer time. Note that the above consideration is based on the assumption of
negative marginal utility with respect to travel time.

The VTTS of automobile is higher than the baseline value of urban travel while the VTTS of
automobile is lower than the baseline value of inter-urban travel. In the context of urban
travel, the higher VTTS of automobile is probably because automobile users earn higher
income than non-automobile users. In the context of inter-urban travel, the lower VTTS of
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automobile is probably because the inter-urban air-transportation-use and/or rail-use
travelers are business persons who have higher willingness to pay for saving travel time.

5.4. VTTS of in-vehicle travel versus VTTS of out-of-vehicle travel

The WLS-based meta-analysis results of urban travel show that the VTTSs of out-of-vehicle
travel time including access/egress time, wait time at origin station, and transfer time at
station are higher than the VTTS of in-vehicle travel time (or the baseline value) by about
100 %. This supports the convention to weight walk and wait time at twice the rate of in-
vehicle time (Wardman, 2004).

6. CONCLUSIONS

This paper analyzed the characteristics of VTTS of passenger transportation in Japan. The
meta-analysis including the regression models are used for empirical analysis. The data
used for the meta-analysis is the VTTS estimations in the past papers published in the
Japanese journals. This is the first trial of meta-analysis of VTTS in Japan. First, there are
some results in our meta-analysis that have the similarities to the results of the meta-analysis
in other countries. For example, the VTTS estimated with RP survey data is higher than that
estimated with SP survey data. This is the same result as the British evidence (Wardman,
2001). On the contrary, there are also the results that have the difference from the results of
the past research. For example, our results show that the VTITS home-to-work travel is
indifferent from the VTTS of business travel. This is the different result from the British
evidence in which the business travels have higher VTTS than the non-business travels
(Wardman, 2001). This may reflect the unique conditions of work system in Japan. Finally,
the paper also found new evidences from the unique challenges in the meta-analysis
including the type of model, weekday/weekend day, and research purpose. For example, the
results of meta-analysis in urban travel show that the VTTS in the paper which is concerned
with behavioral analysis is higher than the VTTS in the paper which is concerned with VTTS
estimation. This may reflect the political pressure on researchers for suppressing the VTTS
in the context of Japan.

Transportation planners often must make judgements concerning relative values, or even of
updating models with limited available evidence (Wardman, 2001). The VTTS also depends
on the local context and environment. Thus, it is highly expected that the models and
evidence reported in this paper could be of considerable use in or contribute to any type of
transportation planning including the cost-benefit analysis for evaluating the transportation
investment in Japan.
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The further research issues are summarized as follows. First, the data used in our analysis is
only refereed academic papers. Although the quality of data is guaranteed, the number of
data is quite limited. Since there are other studies that were not published in academic
journals but published as a technical report, richer analysis may be possible by incorporating
these studies in the meta-analysis. Second, some important attributes or factors are not
included in our meta-analysis although they are included in the past similar research. For
example, the trip distance is not included in our analysis. This is because the data regarding
trip distance is not available from our database. Finally, the value of freight travel time saving
(VFTTS) should be explored further more. However, as the past studies of VFTTS estimates
are quite limited in Japan, it may be difficult to try the meta-analysis at this moment. We
expect the accumulation of the related researches.
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