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Increasing automobile use leads to higher costs for traveling associated with emissions, congestion, noise, and other impacts. One
option to address this is to introduce high parking charges to reduce the demand for automobile use and encourage the travel
mode switch to public transport. To estimate commuters’ mode choice behavior in response to high parking fees, commuters from
Nanjing completed an individually customized discrete choice survey in which they chose between driving and taking the bus or
metro when choices varied in terms of time and cost attributes. Multinomial logit models were used to estimate commuters’
responses to high parking charges. In the models, the variability of travel times is considered and analyzed in the stated mode
choice models. The results suggest that increases in costs of driving will lead to a great reduction in driving demand. The travel
time reliability ratio is 0.50 and the value of each minute late is almost 5.0 times more than the average travel time with the
restriction of the maximum allowed delays. The methods used in this study could be adopted to estimate the eﬀect of variable
pricing strategies on mode choice responses for diﬀerent trip purposes. The high value given to travel time variability has
implications for transport policy in terms of decision making with respect to new pricing strategies. Moreover, the valuation of
travel time savings taken into account in this study would be helpful to better understand the eﬀect of high parking fees.

1. Introduction
Traditionally, cost and travel time are the two primary
variables which aﬀect the choice of travel modes, and travel
modal shift in response to parking price has been discussed
in the literature [1]. High parking fees in urban central area
have been used to shift individuals’ travel choices from cars
to public transport to mitigate traﬃc congestion, reduce air
pollution, and obtain social economic saving. The parking
fees, as part of the cost of travel, play an important role in the
decision making of car travelers. The quantitative evaluation
of the eﬀect of parking fee on travel mode selection has
attracted wide research attention recently. Parking price is
an inﬂuential factor aﬀecting travel mode behavior and
urban traﬃc policy [2–5]. Travel demand can be eﬀectively
reduced in general when a parking charge is applied [6].

Another important eﬀect is the mode choice decision.
Existing studies have shown that a large number of respondents would shift their travel modes if parking fees
increase [6–8]. The level of traﬃc congestion of a speciﬁc
area can be directly inﬂuenced by individual travelers’ responses to parking policies [4]. A study in South Korea
showed that parking fees have a more eﬀective impact on the
adjustment of traﬃc demand than the price of gasoline [9].
Another study found that 38% of travelers would shift from
car to public transport if the daily parking fee increased from
0 to $6 in the central business district (CBD) of Portland,
Oregon [10]. These studies examined how parking fees aﬀect
the choice of travel mode. The travel time and parking
charges are key factors aﬀecting decisions on travel mode
choice for commuters. Other factors aﬀecting decisions on
mode choice, such as socioeconomic characteristics [11–13],
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trip-based characteristics [13, 14], and trip purpose
[1, 7, 12, 13, 15], have also been analyzed.
To date, the focus has been on the development of accurate measures for the examination of behavioral responses
to the strategy of increasing parking fees in CBDs. Studies
have revealed responses to changes in the price of parking
[2, 4, 7, 12]. The elasticity of demand for parking also has
been studied to analyze the inﬂuence of parking fees on
choice of travel mode. Studies of commuting trips have
derived parking demand elasticity values ranged from −0.1
to −0.6 in the USA [10, 16, 17]. Other studies have focused
on non-commuting trips based on stated preference (SP)
surveys in which respondents are asked to choose alternative
travel modes for hypothetical scenarios [7, 13, 15].
Findings of existing studies have provided practical
guidelines for implementing parking pricing. Many cities
have expressed great interest in this for the purpose of
reducing traﬃc congestion and air pollution. However,
despite the signiﬁcant achievements that have been made
to date, most existing studies do not take account of the
travel time variability of individual travelers in their
analysis. Modeling of travel time variability and its application in mode choice models is a research area that has
recently received attention. It has been reported that
diﬀerent travel modes in mixed traﬃc have diﬀerent mean
travel times but also diﬀerent variabilities [18]. Therefore,
the present study investigates the eﬀect of high parking fee
in CBDs on mode choice considering the eﬀect of travel
time variability. A model is developed to estimate the
probability that commuters choose to drive or use public
transport for the trip to work. The stated choice models
with diﬀerent travel time variabilities and average travel
times are then compared.
Travel time variability (TTV) is deﬁned as the random
variation in travel time, i.e., the variation in unexplained
delay, which is related to random variations in travel time
caused by factors that cannot be anticipated or foreseen by a
traveler [19]. Since travel time variability is often related to
traﬃc congestion [20], a transport policy aimed at reducing
car use such as increasing parking price has the potential of
reducing travel times and increasing trip time reliability. The
main aim of this paper is to analyze responses to travel mode
choice to changes in parking fees considering. We investigate the eﬀect of travel time variability on mode choice.
Relying on SP data from hypothetical scenarios for travel
mode choices (car, bus, and metro), potential mode shift is
estimated if parking fees change. The trip information and
the choice decision were obtained based on hypothetical
scenarios. The model is then developed to estimate the
probability that commuters choose to drive or use public
transport for the trip and in turn estimates the variability of
commuters’ travel times.
This paper contributes to the literature in two respects.
First, it models the relationship between decision making
and price and proposes travel mode choice responses to
changes in parking fees, and travel time variability and
average travel time are also embedded in the stated choice
models; second, the average value of travel time for commuters is also estimated.
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In this paper, the stated choice model is proposed ﬁrst
and the travel time variability and average travel time in
diﬀerent models are reported. Next, trip and SP data for
hypothetical scenarios are collected. Then, model results are
analyzed. The time distribution and commuters’ responses
to parking price change are discussed. Next, the diﬀerences
in the model with travel time variability and average travel
time are discussed. Finally, the ﬁndings are summarized and
conclusions are drawn.

2. Research Approach
The objective of this paper is to predict the responses of travel
mode choice to parking price changes taking into account
travel time variability. The price elasticities are estimated using
predictive models. The aggregate travel mode shift from car to
public transport with high parking fees is estimated for CBDs
based on a case study of Nanjing, China.
2.1. Model Speciﬁcation. A multinomial logit (MNL) model
was utilized to predict the decision of travel mode choice.
Based on assumptions of random utility theory, the utility
(Uij ) function for an individual i when choosing alternative j
is composed of a deterministic component (Vij ) and random errors (εij ). The values given to early and late arrivals
are estimated by the schedule delay function approach
[21–23]. Travel time variability assumes that travelers have to
make their decisions (mode choice, route choice, etc.) in
uncertain circumstances [24]. In other words, they are not
able to predict the exact travel time before the trip. If the
utility function is expressed in linear relation, the deterministic component of travel utility is expressed as
Vij � αj + βTj Tij + βVj TTVij + βPi Pij + βCi Cij + cZi ,

(1)

where Tij is the average travel time of mode j for individual i;
TTVij is the variability of travel time; Pij is the cost of the
alternative j for individual i; Cij is the comfort level of alternative j for individual i; and Zi are the socioeconomic
characteristics of individual i, including income, age, etc. αj ,
βTj , βVj , βPi , βCi , and c are parameters to be estimated.
A MNL model was utilized to estimate the stated choice.
In the MNL model, εij obeys a Gumbel distribution.
Therefore, the probability that the mode k is chosen by
individuals can be calculated as
Pk �

eVk
,
j∈J eVj

(2)

where Vk is the deterministic component of utility for travel
mode k.
2.2. Stated Preference Experiment. Both revealed preference
(RP) and stated preference (SP) data were collected from the
stated preference survey in this study. The survey which
targeted travelers to the CBD of Nanjing on home-to-work
commuting trips was conducted in July 2016, and the RP
part asked about the latest trip to the CBD including travel
time, trip cost, and comfort. The SP questionnaire sought the
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choices for hypothetical scenarios. We hypothesized that the
destinations of commuters were not ﬂexible. However, we
assumed that individuals may change their departure time to
oﬀset possible delays in their trip. The respondents to the SP
survey were residents of Nanjing.
Because the correspondents were people living in Nanjing,
most were familiar with the alternative travel modes characterized by various costs, travel times, possible delays, and
diﬀering levels of comfort. Therefore, the impact due to unfamiliarity with the hypothetical choices was marginal. The
choice set comprised three modes, each of which was characterized with the cost (ticket or vehicle fuel costs plus the
parking fee), average travel time (the time needed from home
to the workplace), variability in travel time due to unexpected
congestion, and comfort. As reported in previous studies, the
alternatives can be deﬁned by three attributes: average travel
time, travel time variability, and travel cost [25, 26]. These three
attributes were taken into account in the SP survey. However,
the choice set in studies [25, 26] is composed of two alternate
routes and the comfort of the two choices was assumed to be
the same. As stated above, the choice set in the present study
included driving a car, or taking the bus or the metro, and the
comfort of driving a car and taking public transport is diﬀerent.
Therefore, the comfort level was considered based on the
deﬁnition of alternatives in previous studies. In 2015, a change
in parking fees occurred in the Nanjing CBD. Drivers needed to
pay for on-street parking and underground parking, which
resulted in an increase in the hourly rate for parking. The
response of individuals to this new parking price was studied.
The travel time variability in the experiment was designed
based on an empirical questionnaire [27–29].
The questionnaire in the RP/SP survey started with
respondents’ previous trips to the Nanjing CBD. The
questionnaire included questions about some travel attributes: travel purpose, travel mode, travel time, travel cost
(fuel cost and parking charge for car travel, fare for transit
travel), and comfort. In the SP portion, respondents’ travel
mode choices with respect to hypothetical scenarios were
investigated. Figure 1 shows an example of the choice
presented for a scenario. The SP survey collected 378 valid
questionnaires from individual commuters to the CBD area
of Nanjing. Because six diﬀerent scenarios were presented in
the questionnaire, the total number of responses was actually
378 × 6 � 2268. In other words, we received 378 revealed
observations and 2268 stated observations from this questionnaire survey. We took 50% of the observations as the
training data and all the observations as the validation
dataset. Additional details about the survey, questionnaire
methodology, and the calculation of travel time variability
can be found in another study [26].

3. Results and Discussion
Two-thirds of the respondents were married, with an average
age of 32. Most of the respondents (77.4%) paid the parking
fee themselves for their trips, while the other 22.6% stated
that their employers paid all or part of the parking fee. The
gender distribution was reasonably balanced, with 55.7%
male and 44.3% female respondents. Distribution by
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household income ranged widely with about 17.6% on high
incomes (over ¥200,000 per year) and 11.7% on low incomes
(less than ¥50,000 per year). More than 76% of the respondents were employed. Table 1 shows the reported
household annual income and occupation. A high proportion of the commuters whose household income is relatively high (more than ¥100.000) reported that they had
good jobs (such as institution staﬀ or self-employed).
The maximum possible delay within which commuters
may arrive at the workplace without penalty (such as a
decrease in their wages or change of job position) was also
asked in the questionnaire. The data in Table 2 show that
most commuters reported that they would face some penalty
for being late for work. Even for employers who allowed late
arrival, the maximum delay was 10 minutes.
In terms of the maximum delay of arrival at the
workplace without penalty, only 0.3% of the metro users
stated that they do not need to pay a penalty if the delay is
more than 20 minutes.
3.1. Estimation of Travel Mode Choice Behavior. Travel
cost, average travel time, travel time variability, and comfort
are the variables in the stated choice model. The MNL regression model was used to investigate the eﬀect of various
factors on travel mode choice decisions. The travel time
variability in the model is the standard deviation of travel
time, and the results are shown in Table 3. The maximum
likelihood method was used to perform the estimation as
described by McFadden (1973). The cost and average travel
time coeﬃcients were negative, as expected. According to
the t-test (absolute is higher than 1.96), the cost and average
travel time are statistically signiﬁcant at 5% level in the
model, reﬂecting that cost and average travel time show a
signiﬁcant eﬀect on mode choice. An increase in cost
negatively impacts the utility of cars; as expected, an increase
in cost also negatively impacts transit mode utilities. The
coeﬃcient of comfort is positive, as expected, indicating that
comfort has positive eﬀects on total utility. In other words,
the total utility increases with an increase in comfort. Note
that comfort and travel time variability were of low signiﬁcance (absolute of t-statistic <1.96) at 5% level in the
model. This means that comfort shows a positive but little
eﬀect on mode choice, and travel time variability is negatively correlated with mode choice and statistically
nonsigniﬁcant.
In the models, travelers’ utility decreased with increasing
parking fee if there was no signiﬁcant diﬀerence in other
factors, such as travel time. This mean-variance approach
analyzed the eﬀect of travel time variability by calculating the
reliability ratio of the standard deviation coeﬃcients to the
average travel time. A value of 0.50 was obtained in our
study, which is similar to the result reported by [30], who
found a value of 0.55 for trips to and from work.
In addition to the trip characteristics, travelers’ socioeconomic status may also aﬀect their decisions. Therefore,
socioeconomic factors such as household income have a
direct impact on modal choice as explanatory variables.
According to the questionnaire, the socioeconomic variables
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Please choose OPTION A, OPTION B or OPTION C (√ in ☐)
OPTION A ☐

OPTION B ☐

OPTION C ☐

Average travel time: 23 minutes

Average travel time: 10 minutes

You have the same probabilities of arriving:

You have the same probabilities of arriving:

You have the same probabilities of arriving:

6 minutes before your desired arrival time
1 minutes before your desired arrival time
2 minutes after your desired arrival time
7 minutes after your desired arrival time

2 minutes before your desired arrival time
4 minutes after your desired arrival time
1 minutes after your desired arrival time
2 minutes after your desired arrival time

2 minutes before your desired arrival time
1 minutes before your desired arrival time
At the desired arrival time
2 minutes after your desired arrival time

The cost of the trip is ¥1

The cost of the trip is ¥1.60

The cost of the trip is ¥6.1

The comfort of this trip is 6

The comfort of this trip is 7

The comfort of this trip is 9

Average travel time: 18 minutes

Figure 1: Example of choice presented for one scenario (option (A) bus; option (B) metro; and option (C) car).
Table 1: Sample characteristics: occupation and income.
Occupation
Categories
Cases
Institution staﬀ
74
Students
57
Self-employed
39
Service staﬀ
112
Enterprise worker
85
Retired person
7
Others
4
Total
378

%
19.5
15.1
10.3
29.6
22.5
1.9
1.1
100

Household income (year)
RMB
Cases %
Under 50,000
44
11.6
50,000–100,000
133 35.2
100,000–200,000 134 35.4
Over 200,000
67
17.8

Total

100

Table 2: Restriction: maximum delay of arrival at workplace
without penalty.
Maximum possible delay
No ﬁxed entry time
Less than 10 minutes
10–14 minutes
15–19 minutes
20–24 minutes
25–29 minutes
More than 30 minutes
Total

Cases
59
214
63
41
1
0
0
378

%
15.5
56.7
16.7
10.8
0.3
0.0
0.0
100

in the model are the age and income of the commuters.
Table 4 presents the results for the model which added
socioeconomic factors and restrictions. The estimation results show that older commuters with high incomes are
more likely to drive to work, which is consistent with the
ﬁndings of previous studies [31, 32]. The restriction of a
maximum allowed delay suggests that the value of late time
is almost 5.0 times higher than the average travel time.
Values of travel time savings are calculated as the ratio of
the estimated coeﬃcients for time to the monetary cost.
According to the results in Table 4, the value of travel time
saving is ¥40.6/h. This value is relatively higher than the average
salary. There is an important reason which can explain the
higher estimation: the value of travel time in congestion is
usually perceived to be higher than that in free-ﬂowing traﬃc
[25, 33]. However, it is still relatively low compared with the
value of travel time in developed countries. The average value of
time varied is 30.16 €/h in European countries [34]. The eﬀect

Table 3: Estimated results (Mode 1).
Variable
Constant-bus
Constant-metro
Cost
Average travel time
Travel time variability
Comfort
Observations
Log likelihood
McFadden R-squared

Coeﬃcient
0.307
1.420
−0.136
−0.110
−0.055
0.087

t-test
2.27
1.66
−2.55
−2.39
−1.74
1.31

1323
−1042.69
0.294

of travel time variability on travel is revealed by the value of
schedule delay, which is calculated according to βSD /βcost .The
value of scheduled delay includes the value of scheduled delay
early and the value of scheduled delay late in theory, expressed
by the cost per hour for early arrival and per hour for late
arrival [35, 36]. The value of travel time variability is ¥28.9/h for
car users which expressed average value of schedule delay. The
value is much less than the result which is ¥78.5/h for air
passengers in a paper by [37]. The results showed that the travel
time value of air passengers based on personal willingness to
pay is about ¥30/h higher. Small also explained that the value of
time is very high when going to the airport [36].
In order to validate the proposed models, the predicted
results for mode choice were compared with the observed
results for four groups with diﬀerent incomes in
Figures 2(a)–2(d). As this ﬁgure shows, for each group of
individuals, most of the predicted mode choices are the same
as the investigated results. Furthermore, the average absolute
diﬀerence between the investigated and the predicted accuracy was also calculated using the following formula:
Y�

1 n
μ ,
n i�1 i

(3)

where Y is the absolute prediction accuracy; n is the total
number of investigated passengers; i is the serial number of a
given passenger; and μi is the decision value, which is 1 if the
predicted mode is the same as the investigated mode;
otherwise, it is 0.
According to the calculation above, the predicted error is
26.7% in terms of all the travelers. Considering diﬀerences in
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Table 4: Estimated results with socioeconomic factors and restrictions (Model 2).
Variable
Constant-bus
Constant-metro
Cost
Average travel time
Travel time variability
Comfort
Income_car
Age_car
Maximum delay ≤ 10 mins
Observations
Log likelihood
McFadden R-squared

Coeﬃcient
−0.374
0.820
−0.170
−0.115
−0.082
0.007
2.33
1.23
−0.576
1324
−962.01
0.359

80
Number of mode choices

80
Number of mode choices

t-test
−3.30
1.98
−2.78
−2.45
−2.02
0.03
2.69
1.86
−2.64

60
40
20

60
40
20
0

0
1

2
Travel mode

1

3

Predicted

Predicted

Actual

Actual
(a)

3

(b)

40
Number of mode choices

60
Number of mode choices

2
Travel mode

40

20

20

0

0
1

2

3

1

Travel mode
Predicted

Predicted

Actual

Actual
(c)

2

3

Travel mode

(d)

Figure 2: Comparison of predicted and observed numbers of mode choice. (a) Income 1. (b) Income 2. (c) Income 3. (d) Income 4.

income groups, the number of predicted mode choice for
each mode was compared with the observed results based on
Model 2 (Table 4) in Figure 2. Therefore, the accuracy of
prediction for each income group is 73.8% for group 1,
76.2% for group 2, 71.4% for group 3, and 70.9% for group 4.
It also can be observed that the choice of car is overestimated
for lower income groups. In this paper, the mode was chosen
based on the hypothesis that each family has at least one car,

which is the main reason why the number of cars was
overestimated.
The misestimated data were analyzed separately, as
shown in Figure 3 and Table 5. Most incorrect car choices
were mispredicted as metro journeys, and all incorrect bus
choices were mispredicted as metro journeys. In general,
metro use was greatly overestimated. Several reasons may
have caused the mispredictions. In addition to the
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3

3
Mode choices

Mode choices

6

2

1

0

2

1

0

100

200

300

0

400

0

100

200

ID
Predicted
Actual
(a)

(b)

4

3

3
Mode choices

Mode choices

400

Predicted
Actual

4

2

2

1

1

0

300

ID

0
0

100

200

300

400

0

50

100

150

200

250

300

ID

ID
Predicted
Actual

Predicted
Actual
(c)

(d)

Figure 3: Misestimation of each mode. (a) Whole. (b) Car. (c) Bus. (d) Metro.
Table 6: Eﬀect of high parking cost on mode choice probability.

Table 5: Misestimation of each mode.
Car
Car
Metro
Bus

26
0

Metro
18

Bus
6
19

33

hypothesis of car ownership, another potential cause of error
was the availability of a certain travel mode to a person.
3.2. Discussion on Modal Shift to High Parking Fees. On the
basis of the above discussion of the two MNL models of
mode choice, Model 2 was selected to predict mode shift
with the change of parking fees. The mode choice probabilities for three travel modes were 26.2%, 24.6%, and 49.2%,
respectively. Table 6 shows the eﬀect of parking cost on
mode choice probability.
Table 6 shows that a 25% increase in parking charge
reduces the probability of traveling by car from 26% to 17%.
On the other hand, the introduction of a 50% increase in

Increased parking cost (based on respondents’ Mode share (%)
existing parking cost)
Car Bus Metro
0
26.2 24.6 49.2
25%
17.5 26.6 55.9
50%
11.9 28.4 59.7
75%
7.1 30.3 62.6
100%
6.3 31.4 62.3

parking charges reduces the driving share to 12%, which
corresponds to a total reduction of driving demand of 55%.
A 100% increase in parking charges leads to a 20% decrease
in probability of commuting by car. At the same time, the
probability of commuting by metro increases from 49% to
60%. The probabilities of driving with diﬀerent parking fees
are plotted in Figure 4.
The MNL model found a 26% probability of driving with
current parking costs and a decrease in probability of a
commuter choosing to commute by car as the parking cost
increases in the Nanjing CBD. This ﬁnding indicates that
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0.45

0.3

0.4
0.35

0.2

Elasticities

Mode share (car)

0.25

0.15
0.1

0.3
0.25
0.2
0.15
0.1

0.05

0.05

0

0
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Increase in car cost
(a)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Increase in car cost
(b)

Figure 4: Eﬀect of high car cost on mode choice probability. (a) Mode share (car). (b) Elasticities.

expensive parking has a signiﬁcant eﬀect on a commuter’s
choice of driving versus taking public transport, which is
supported by empirical work [10]. The elasticity was calculated as follows:
Δ
E� P,
(4)
Δpp
where ΔP is the change ratio in probability and Δpp is the
change ratio in parking price.
The elasticities are the percentage change in probability that
commuters choose a certain mode with a 1% change in price.
Approximate point elasticities of demand can be provided for
travel by car in response to parking price. Figure 4 shows the
elasticities for the whole sample. In the case of elasticities
(Figure 4(a)), an increase in parking cost results in a decrease in
the probability of choosing car travel. In terms of the magnitude, the highest sensitivity of demand occurs when parking
fees increase by 20%. According to the results presented in
Figure 4(b), it is more elastic when the increase in parking fees
is less than 60%. In other words, commuters will change mode
from driving to other modes even when the parking cost increases slightly. Further, the results suggest that some individuals will always choose driving to work even if very high
parking charges (more than 60% increase) are introduced. The
elasticity here refers to the price elasticity of car use, which is
similar to the price elasticity of parking volume (EPV) in the
research by Lehner and Peer [38]. If the decrease of parking
volume is converted all into the mode choice change (from car
use to public transport), the price elasticity of car share is
the same with the price elasticity of parking volume. In the
study [38], price elasticities which were calculated independently from the generalized costs of travel increase (in absolute
terms) if parking prices increase. The parking costs and other
travel-related costs might aﬀect the parking price elasticity. No
distinction is made between the parking price and travel-related cost in our paper, which means that parking price
elasticities are likely to diﬀer across this hypothesis.
The prediction of parking cost elasticity was slightly
lower than that in previous studies [39, 40]. Parking charges
can reduce congestion to a satisfactory level [6]. Empirical

ﬁndings show that the eﬀects of parking fees often cause a
modal shift to other transport modes [41]. However, after an
increase of travel cost to a certain extent, no matter how
much the cost increases, the reduction of car share is very
limited, and the price elasticity tends to be ﬂat, as shown in
Figure 4. Simply increasing the cost of parking cannot ease
congestion. To mitigate this situation, parking cash-out has
been suggested as an eﬀective and eﬃcient policy to reduce
single occupancy car commuting trips [42]. Results indicate
that, regardless of model speciﬁcations, parking cash-out has
a negative and signiﬁcant eﬀect on the probability of private
car choice. Further research could take into account not only
the potential eﬀect on mode choice, but also the possible
compensation if a traveler gives up a car trip. This calls for a
SP survey to capture the implications of the cash-out policy
or other price policies (such as parking price, road price,
etc.).

4. Summary and Conclusions
This study provides an inexpensive method to estimate
commuters’ responses to high parking charges taking into
account travel time variability. Results are presented for
changes in commuters’ market share for three modes. The
elasticities of demand for a mode (car) with diﬀerent
changes in parking costs are also provided. The methods
described in this study can be adopted to estimate the eﬀect
of diﬀerent pricing strategies on mode choice responses for
diﬀerent trip purposes. Some general conclusions can be
drawn as follows:
Parking charges have a signiﬁcant eﬀect on travel mode
choice, and higher parking charges can reduce the
demand for car travel.
The high value given to travel time variability has
implications for transport policy in terms of decision
making with respect to new pricing strategies.
Any policy on solving congestion and balancing mode
structure should take into account the valuation of
travel time savings. The value of travel time is
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overestimated because the travel time spent in congestion is usually valued at a higher rate than that in
free-ﬂowing situations.

With moderate parking charges, the metro is more attractive than buses, indicating that governments should
emphasize the level of comfort and travel time reliability of
public transport. Only short travel with less variability attracts drivers to public transport. The survey indicated that
commuters will select public transport if high quality services (i.e., metro without transfers) can be provided. Parking
charges are able to shift commuters from car travel to public
transport when accompanied with transit system improvements. In addition, it should be noted that while this
study takes the total cost (fuel and parking) as the main
factor aﬀecting mode choice, the detailed components of
parking fees were not mentioned to the respondents, which
may have made the response biased in some cases. The
authors would like to investigate this in the future.
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