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Abstract. The uncertain transportation environment makes travel’s mode choice decision-making behaviour become a 
complex and alterable process. Based on the cumulative prospect theory, this paper analysed the long-standing use of 
utility theory for the travel’s mode choice behaviour research. Car owner’s generalized cost includes the transport fare, 
travel time cost and penalty cost (early or delay); cumulative prospect theory was applied to describe the uncertain and 
risky prospect of car owner under congestion pricing policy. Through analysing two kinds of car owner’s generalized 
subjective perception costs on the four different transportation modes, including bus, subway, taxi and private car; we 
calculated the mode choice’s prospect value before and after the implementation of congestion pricing, and compared 
the difference of numerical example between cumulative prospect theory and expected utility theory. The results in-
dicated that after the implementation of congestion pricing policy, the middle-level income car owner would prefer to 
choose taxi. Based on a state preference survey on travel’s mode choice behaviour, the survey results further validated 
our analysis. This paper for the first time adopted cumulative prospect theory to analyse travel’s mode choice behav-
iour after the implementation of congestion pricing policy, which can better explain car owner’s mode choice decision-
making process under uncertain and risk condition. This study also can be helpful to many cities that wish to establish 
and implement the congestion pricing policy in practice. 
Keywords: travel behaviour; cumulative prospect theory; utility theory; mode choice; congestion pricing; stated prefer-
ence survey.

Introduction 

Most of road traffic congestions can be attributed to ir-
rational pricing which sets the mode’s price much lower 
than its actual cost in urban transportation service. 
Especially in the payment of motor vehicle users, only 
direct costs, fuel tax and some management fees are in-
cluded, whilst their travelling impacts onto the network 
and other travellers are both ignored, which leads to the 
rapid growth in vehicle traffic and congestion (Ferrari 
1999). Congestion pricing, which currently has been 
successfully implicated in Paris, Brussels, Oslo and many 
other cities, turns out to be an effective approach for al-
leviating the traffic congestion, reducing traffic pollution 
and improving traffic efficiency (De Palma et al. 2006).

Traffic behavioural theory provides a novel per-
spective to better analyse complicated phenomenon in 
urban road traffic; meanwhile it provides a theoretical 
basis for investigations on traveller’s decision-making 
behaviour after the implementation of congestion pric-
ing. Most of congesting pricing related researches re-
garding travel’s mode choosing behaviour mainly base 

on the framework of expected utility theory, which 
adopts disaggregate logit model, including multinomial 
logit model (Burris, Pendyala 2002; Álvarez et al. 2007), 
rank ordered logit model (Calfee, Winston 1998; Ben-
Elia, Ettema 2009) and mixed logit model (Brownstone, 
Small 2005; Small et al. 2006). Expected utility theory 
assumes that decision maker’s attitude toward risk can 
be rationalized by the expected utility function. It is 
defined as a function of the utilities associated to the 
possible outcomes of the options and the probabilities 
associated to those outcomes. While decision makers 
are assumed to select the alternative with the maximum 
expected utility value. 

For the lack of analysis and research on the trav-
eller’s decision-making behaviour under the uncertain 
environment, the expected utility theory can not explain 
travel’s mode choice behaviour change when facing time 
constraints or cost constraints (Hu et al. 2011). Santos 
et  al. (2010) considered that travel behaviour analysis 
based on individual rational choice will further wors-
en the transportation and environment issues, the un-
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certainty should be considered in traveller’s behaviour 
analysis. 

However, these assumptions made by expected util-
ity theory are clearly different from travellers’ behaviours 
in reality. Therefore, based on Simon’s (1955) ‘bounded 
rationality’ theory, Kahneman and Tversky (1979) pro-
posed the Prospect Theory in 1979 and its later version, 
the cumulative prospect theory in 1992 (Tversky, Kahne-
man 1992). The prospect theory combined individuals’ 
value of feelings characteristics in psychological with 
individual’s decision-making behaviour in reality situa-
tions, and thus it is able to describe individual’s decision-
making behaviour under uncertain conditions more ac-
curately (Kahneman, Tversky 1979). Prospect theory has 
two main parts, one is Reflection Effect, and another is 
Isolation Effect, both of them deny individual’s rational 
opinion (Kahneman, Tversky 1979; Tversky, Kahneman 
1974, 1986, 1992).

According to the prospect theory, individuals’ de-
cision-making process can be divided into a two-step 
process: 

 – an initial phase of editing;
 – a subsequent phase of evaluation. 

In the transportation system, a traveller’s decision-
making is a selection process based on judgments and 
estimations within different kinds of traffic scenarios, 
such as road congestion, road maintenance, temporary 
traffic control and adverse weather; all of these uncer-
tain conditions make travel’s mode choice decision non-
rational and non-stable. Thus it is reasonable to apply 
prospect theory in modelling travellers’ decision-making 
behaviour since this theory has successfully described 
the whole decision making process under uncertain 
conditions. Prospect theory currently has been applied 
in routing choice behaviour (Avineri, Prashker 2005; 
Gao et al. 2010; Ben-Elia, Shiftan 2010), commuter de-
parture time choice (Senbil, Kitamura 2004; Jou et  al. 
2008), and network equilibrium model with traveller’s 
decision-making under risk or uncertain conditions 
(Avineri 2006; Connors, Sumalee 2009; Wang, Xu 2011). 
Combining prospect theory and the survey data (stated 
preference data or real-time information) to analyse the 
traveller’s route choice behaviour, is a new approach for 
travellers’ decision-making process research (Ben-Elia, 
Shiftan 2010; Xu et al. 2011b; Razo, Gao 2013). 

Recently researchers from different perspective 
summarized the application of prospect theory in the 
transport participator’s behaviour analysis, and anal-
ysed the similarities and differences between prospect 
theory and utility theory in travel behaviour research. 
Van de Kaa (2010a) provided a comprehensive review 
of the prospect theory and utility theory on traveller 
choice behaviour, including the assumptions, framing, 
judgment, evaluation and choice behaviour strategy. 
Van de Kaa (2010b) conducted a meta-analysis to evalu-
ate which of these two theories can describe travellers’ 
choice behaviour better, and suggested that an extended 
prospect theory may receive a better understanding 
of traveller choice behaviour analysis. Li and Hensher 
(2011) overviewed the prospect theory in the fields of 

psychology, behavioural economics and transportation, 
and identified that the prospect theory condition was 
more suitable for travel behaviour studies; they also re-
viewed some behavioural limitations in the transport 
prospect theory research field. 

Based on price principle, congestion pricing helps 
restrict transport demand and encourage traveller 
changing mode choice or route choice, with the pur-
pose of reducing traffic congestion and traffic pollution. 
Congestion pricing analysis based on prospect theory 
has been paid more attention in recent years. Liu et al. 
(2010) adopted the cumulative prospect theory and 
Wardrop’s user equilibrium to establish the congestion 
pricing model. Xu et al. (2011a) presented an optimal 
pricing model based on a prospect-based user equilib-
rium model to analyse traveller’s behaviour under the 
congestion pricing condition, which can reflect travel-
ler’s choice under the risk environment. Lindsey (2011) 
assumed that travellers have reference-dependent prefer-
ences to analyse state-dependent congestion pricing is-
sue, and found a state-independent toll can be optimal 
when the gain–loss utility was moderately powerful. 

This paper will adopt cumulative prospect theory 
to analyse car owner’s mode choice behaviour under the 
congestion pricing condition, with considering travel-
lers’ attitude at risk condition as well as traveller’s learn-
ing characteristics during travel process. By investigating 
travellers’ decision-making behaviour under uncertain-
ties conditions, we also address an explanation regard-
ing the travel’s mode choice behaviour changing process 
after the implementation of congestion pricing policy is 
also drawn. 

1. Car Owner’s Mode Choice Behaviour Modelling 
Based on Cumulative Prospect Theory

This paper first adopts cumulative prospect theory to 
analysis car owner’s mode choice behaviour after the 
implementation of congestion pricing policy, which can 
better explain travel’s mode choice behaviour under un-
certainty environment. Here we consider the travellers’ 
generalized cost and reference point selection to repre-
sent car owner’s mode choice behaviour process. 

1.1. Modelling Process
Before initializing a real-world trip, travellers first need 
to calculate all transportation modes’ prospect value, 
and then select one with the greatest prospect value 
from all the options to complete the trip. In a real-world 
transportation network, although there could be several 
transportation modes from the traveller’s origin to desti-
nation; the paper only takes into consideration the long-
distance travel in the city, including public bus, taxi, 
subway and private cars mode. Travellers’ mode choice 
decision can follow the following steps:

 – edit the mode choice problem and select the ref-
erence point of decision-making;

 – estimate the possible results (gains or losses) of 
four kinds of transportation modes, with the re-
sult of events arranged by increasing order, and 
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then judge the subjective probability of the re-
sults;

 – in accordance with the cumulative prospect 
theory, use the value function and the decision 
weights function to calculate prospect of each 
mode, and select the maximum prospect mode 
to complete the trip.

According to the analysis of travel’s mode choice 
behaviour based on cumulative prospect theory, Fig. 1 
shows the detailed modelling and analysing framework.

1.2. Car Owner’s Subjective Perception Cost
Travellers will judge each transportation mode and 
estimate their own trip costs before they make their 
mode choice decisions. Factors that affect travel’s mode 
choices include travel time, cost, safety, and so on, while 
the travel time can be translated into cost by combining 
with value of time. This paper considers different value 
of time traveller’s mode choice and assumes travellers 
have to arrive at destination before work start time Twork, 
while early arrival and late arrival will both generate the 
related losses respectively. According to the study of 
Small (1982), the trip cost can be listed below:

 – charging cost of each transportation mode refers 
to the cost from the origin to the destination, 
such as bus fares, taxi fares, subway fares, and 
private car parking fee and fuel cost;
–– –travel time cost refers to the costs incurred from 
the origin to the destination, including the cost 
related with in-vehicle time and walking time;

 – tardiness penalties refer to the penalty cost in-
curred from travellers’ failure of reaching des-
tination on time, because of the fact that either 
early arrival or late arrival will generate penalty 
cost anyway.

Supposing a traveller enters the transportation 
network at time To, the arrival time made by subjective 
perception is Tarrival, and working start time is Twork. If 

≤arrival workT T will generate early penalty costs; other-
wise, it will generate delay penalty costs:

= + ˆo
arrival o tripT T t ,  (1)

where: ˆo
tript  is traveller’s trip time from origin to desti-

nation. 
The generalized cost of traveller from the decision-

making node to destination has the following cost com-
ponents:

= + + + ;j trip early lateU U U U U   (2)

= θ ⋅ ˆ ;o
trip trip tripU t   (3)

( )= δ ⋅θ ⋅ − ;early early work arrivalU T T
 

 (4)

( ) ( )= − δ ⋅θ ⋅ −1 ,late late arrival workU T T   (5)

where: U, Uj, Utrip, Uearly, Ulate denote the generalized 
cost, charging cost of each transportation mode, travel 
time cost, early penalty cost, and delay penalty cost, re-
spectively; θtrip, θearly, θlate denotes the unit time cost of 
travel time, the early arrival penalty unit time cost, and 
the late arrival penalty unit time cost, respectively. 

According to Small’s (1982) study, we have 
θ > θ > θlate trip early . δ is a binary variable, and δ  = 0 if 
Tarrival > Twork; otherwise, δ–= 1 if ≤arrival workT T .

The value of charging cost for each transporta-
tion modes can be set as = 2busU , = + ⋅10 1carU d , 

= 5subwayU  and ( )+ ⋅ −=4 1.5 2taxiU d , when d > 2 re-
spectively, where d refers to the trip distance [kilome-
tres]. 

From analysis above we can obtain traveller’s sub-
jective generalized cost U at the decision-making node 
as follows:

( )( )= + θ − δ ⋅θ + − δ ⋅θ ⋅ +ˆ1 o
j trip early late tripU U t

( )( ) ( )δ ⋅θ − − δ ⋅θ ⋅ −1early late work oT T .               (6)

The traveller’s subjective generalized cost not only 
considers the transportation modes fare and the travel 
time cost, but also includes the early penalty cost or de-
lay penalty cost, which can reflect traveller’s real subjec-
tive experience and cost. 

Fig. 1. Modelling and analysing framework of travel’s mode choice behaviour based on cumulative prospect theory
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1.3. Reference Point Selection
Reference point selection is the essential of prospect 
theory; in this step, travellers will measure the gain or 
loss to the reference point when making their decisions. 
Setting traveller’s departure time is To, and the expected 
destination arrival time is Texpected. If traveller arrives 
at the decision-making node o at To, then the expected 
travel time between the decision-making node and the 
destination is = −o

expected oexpectedt T T , at this stage the ex-
pected travel costs is o

expectedU . From Eq. (6) we can get 
the following equation:

( ) = +o
jexpectedU t U

( )( )θ − δ ⋅θ + − δ ⋅θ ⋅ +1 o
trip early late expectedt

( )( ) ( )δ ⋅θ − − δ ⋅θ ⋅ −1early late work oT T .  (7)

( )o
expectedU t  is the expected travel cost at reference 

point when traveller is making decision.
Setting traveller’s subjective estimates of arriving 

time by transportation mode j is ˆ
jT , then the estimated 

travel time is = −ˆˆo
j j ot T T . From Eq. (6) we can get trav-

eller’s subjective perception cost:

( ) ( )( )= + θ − δ ⋅θ + − δ ⋅θ ⋅ +ˆ ˆ1o o
j j trip early late jU t U t

( )( ) ( )δ ⋅θ − − δ ⋅θ ⋅ −1early late work oT T .               (8)

Traveller will compare the subjective perceptions 
cost ( )ˆo

jU t  and the expectations cost ( )o
expectedU t  to 

weigh the pros and cons. If ( ) ( )≤ˆo o
j expectedU t U t , travel-

ler will get gains; otherwise, ( ) ( )>ˆo o
j expectedU t U t , travel-

ler will suffer a loss.
From Eq. (7) and Eq. (8), we can get xo:

( ) ( )
( ) ( )
( ) ( )

= − =

 θ − θ ⋅ −   ≤ ≥


θ + θ ⋅ −  > <

ˆ

ˆ ˆ, if , 0;

ˆ ˆ, if , 0.

o o
o jexpected

o o o o
trip early j j oexpected expected

o o o o
trip late j j oexpected expected

x U t U t

t t t t x

t t t t x

 

(9)

where: xo represents the traveller subjective perceptions 
about transportation mode j getting gains or losses at 
decision stage o.

1.4. Prospect Value Calculation  
and Mode Choice Decision
Referring to the research of Tversky and Kahneman 
(1992), and Avineri (2006), the Appendices 1–3 show 
the Value Function, Weighted Function and Prospect 
Value Calculation process, respectively. From the above 
analysis and Fig.  1, we can obtain the different trans-
portation modes’ prospect values and make the mode 
choice decisions. 

2. Example Analysis of Car Owner’s Mode Choice 
Behaviour before and after the Implementation  
of Congestion Pricing

2.1. Basic Assumptions
Supposing that the distance between origin and destina-
tion is 8 kilometres, the per unit time costs of different 
incoming traveller groups are also different. Referring to 
Qi et al. (2008), Jiang et al. (2009) and Zong et al. (2009), 
different values of time traveller’s parameters are shown 
in Table 1 (here we assume different values of time trav-
ellers all work 8 hours per day). Traveller’s estimations 
on the travel time of different modes are shown in Ta-
ble 2 (Hu et al. 2011).

According to China Statistical Yearbook from 2002 
to 2010, statistical data show that the consumption ex-
penditure of urban residents on the transportation and 
communications’ proportion is between 10.4% and 
13.6%. Mei (2010) illustrated the consumption structure 
of urban residents from 2004 to 2006. The low, medium 
and high consumption level of residents spent on trans-
portation and telecommunication range from 11.7% to 
13.0%, 13.0% to 14.4%, and 14.0% to 15.4% respective-
ly, within residents’ actual money expenditure. By the 
assumption on value of time traveller’s parameters in 
Table 1 and the assumption on the charging fare of sev-
eral transportation modes in Section 1.2, traveller will 
adopt principle of ‘moderate cost with the shortest time’ 
to make mode choice. Assuming that travellers’ wealth 
constraint is always below 120% of their income per 
hour; thus for medium and high income groups, their 
monetary costs can meet all the four kinds of transpor-
tation modes.

Table. 1 Different levels of car owner’s parameters

Income  
class

Income  
level [￥/h]

θlate  
[￥/min]

θtrip  
[￥/min]

θearly  
[￥/min]

Middle 18 0.35 0.30 0.25
High 24 0.50 0.40 0.30

Table. 2 Traveller’s estimation on different modes’ travel time

Tr
av

el
 ti

m
e 

t tr
ip

 [m
in

]

12 15 18 21 24 27 30 33 36

Bus 0% 5% 10% 10% 10% 25% 30% 5% 5%
Subway 10% 20% 30% 20% 10% 10% 0 0 0
Taxi 20% 40% 30% 10% 0 0 0 0 0
Car 85% 5% 5% 5% 0 0 0 0 0

2.2. Analysis of Car Owner’s Mode Choice Behaviour 
before the Congestion Pricing
Supposing that traveller’s travel time expectation to-
wards different transportation modes are 30 minutes by 
bus, 20 minutes by subway, 15 minutes by taxi, and 12 
minutes by car. In the following part, different levels of 
car owners’ mode prospect values are calculated, and 
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comparison with the results of expected utility theory 
is also addressed.

From Eqs (6) and (7), we can calculate the gen-
eralized travel cost of reference point as follow, i.e. 

( )exp
o

ectedU t :

Bus: 

( ) = + θ ⋅ =ˆ ˆ2o o
bus trip tripexpectedU t t

+ θ ⋅ = + ⋅θˆ2 2 30 .o
trip tripexpectedt

Subway:  

( ) = + θ ⋅ =ˆ ˆ5o o
subway trip tripexpectedU t t

+ θ ⋅ = + ⋅θˆ4 5 20o
trip tripexpectedt .

Taxi: 

( ) = + θ ⋅ =ˆ ˆ13o o
taxi trip tripexpectedU t t

+ θ ⋅ = + ⋅θˆ13 13 15o
trip tripexpectedt .

Car: 

( ) = + θ ⋅ =ˆ ˆ18o o
car trip tripexpectedU t t

+ θ ⋅ = + ⋅θˆ18 18 12o
trip tripexpectedt .

Based on Eq. (8), the traveller’s subjective percep-
tion cost ˆ o

jU  can be given:
Bus: 

( ) = +ˆ 2o
bus jU t

( )( )θ − δ ⋅θ + − δ ⋅θ ⋅ +ˆ1 o
trip early late jt

( )( )δ ⋅θ − − δ ⋅θ ⋅1 30early late .

Subway:

( ) = +ˆ 5o
subway jU t

( )( )θ − δ ⋅θ + − δ ⋅θ ⋅ +ˆ1 o
trip early late jt

( )( )δ ⋅θ − − δ ⋅θ ⋅1 20early late .

Taxi: 

( ) = +ˆ 13o
taxi jU t

( )( )θ − δ ⋅θ + − δ ⋅θ ⋅ +ˆ1 o
trip early late jt

( )( )δ ⋅θ − − δ ⋅θ ⋅1 15early late .

Car: 

( ) = +ˆ 18o
car jU t

( )( )θ − δ ⋅θ + − δ ⋅θ ⋅ +ˆ1 o
trip early late jt

( )( )δ ⋅θ − − δ ⋅θ ⋅1 12early late .

In accordance with the expected utility theories 
utility maximization hypothesis and prospect theory, 
different expected utility values and prospect values for 
different values of time traveller’ modes are calculated, 
and the results are shown in Table 3.

For car owners, according to expected utility theory 
calculations, travellers will give priority to bus and sub-
way, while actually travellers will prefer to private cars, 
which is involved with different levels of car owners’ pri-
vacy and time requirements. Therefore, according to cu-

mulative prospect theory’s results, priority of private cars 
is higher than subway and taxi, but lower than bus. The 
high value-of-time travellers usually pay less attention 
to transportation mode’s fare (cost), but hope to reach 
the destination node within a short period of time. In 
reality, car owners will select the private car as priority, 
and then bus, subway and the others. They are less likely 
to choose bus for the reason of less expensive fares and 
longer travel time.

2.3 Analysis of Car Owner’s Mode Choice  
Behaviour after the Congestion Pricing 
2.3.1. The initial Phase of the Implementation  
of Congestion Pricing 
Assuming that the congestion pricing on private car is 
￥ 5, here we analyse the change of different values of 
time traveller’ mode choice behaviours. Because subway 
is not affected by road transportation network, whose 
estimated travel time and probability is relatively stable 
(Table 2). The middle income class and high income 
class will be affected, namely, the generalized travel cost 
of reference point ( )o

expectedU t  will remain the same, 
while the traveller’s subjective perception cost ˆ o

jU  will 
change. These results are also shown in Table 3.

From Table 3, we can find that expected utility 
value of private car increases in expected utility theory, 
but travellers’ mode choice priority still remains the 
same. And from results of cumulative prospect theory, 
car owners’ mode choice has changed greatly. As pros-

Table 3. Different levels of car owner’s mode choice under 
different circumstances

Stage 

Passenger 
transpor-

tation  
mode

Expected utility 
theory

Cumulative  
prospect theory

Middle 
income

High 
income

Middle 
income

High 
income

Be
fo

re
 th

e 
im

pl
em

en
ta

tio
n 

 
of

 c
on

ge
st

io
n 

pr
ic

in
g Bus 11.083 13.985 –0.736 –0.903

Subway 11.725 13.930 –1.215 –1.569

Taxi 18.445 20.290 –1.755 –2.312

Car 22.185 23.610 –1.078 –1.435

A
fte

r t
he

 in
iti

al
 

im
pl

em
en

ta
tio

n 
 

of
 c

on
ge

st
io

n 
pr

ic
in

g Bus 11.083 13.985 –0.736 –0.903

Subway 11.725 13.930 –1.215 –1.569

Taxi 18.445 20.290 –1.755 –2.312

Car 27.185 28.610 –10.381 –10.794
A

fte
r t

he
 m

et
ap

ha
se

 
im

pl
em

en
ta

tio
n 

 
of

 c
on

ge
st

io
n 

pr
ic

in
g Bus 10.880 13.700 –0.732 –0.894

Subway 11.725 13.930 –1.215 –1.569

Taxi 18.040 19.720 –1.277 –1.669

Car 26.893 28.205 –0.642 –0.855
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pect value of private car decreases rapidly, travellers’ loss 
has been through a considerable increase, which leads 
to some alternations, from private car to another trans-
portation mode with less loss, like bus and subway.

2.3.2. The Metaphase of the Implementation  
of Congestion Pricing
In the metaphase of congestion pricing, subway’s es-
timated travel time and probability tend to be stable, 
while the travel time of car, bus and taxi are impacted 
by congestion pricing. Here assuming that in the conges-
tion pricing metaphase, the car owner’s estimation on 
private car, taxi and conventional bus’s travel time and 
probabilities have changed. The changing of travellers’ 
estimation towards the travel time of different modes is 
shown in Table 4. In accordance with the utility maxi-
mization hypothesis from expected utility theory and 
prospect theory, different values of time traveller’ mode 
expected utility value and prospect value are calculated, 
and the results are also shown in Table 3.

Table 4. Traveller’s estimation on different modes’  
travel time changing

Travel 
time 

[min]
12 15 18 21 24 27 30 33 36

Bus 0% 5% 10% 10% 15% 20% 30% 5% 5%
Subway 10% 20% 30% 20% 10% 10% 0 0 0
Taxi 30% 50% 10% 10% 0 0 0 0 0
Car 93% 5% 2% 0% 0 0 0 0 0

As travellers’ estimation on the travel time and 
probability of bus, taxis and car change, expected util-
ity theory results and mode choice behaviour of high 
income class change as well. This results in the prior-
ity exchange of subway and bus. It can be attributed to 
the ability of congestion pricing, which improves road 
network efficiency, reduces road traffic congestion and 
thus improves bus running speed, bus traveling time, 
and increases the reliability. On the other hand, it also 
illustrates the need for subway service improvement af-
ter the implementation of congestion pricing policy, in 
order to shorten travel time and increase travel speed. 

According to the results of cumulative prospect 
theory, different levels of car owners’ transportation 
mode’s prospect values have been changed, while sub-
way’s prospect value remains the same, therefore it 
becomes the smallest one among travellers’ class. Car 
owners will first choose car, then bus, taxi and subway. 
Therefore congestion pricing policy will surely force sub-
way to improve service quality. On the other hand, after 
the implementation of congestion policy for a certain 
period, car owners will still choose private car because 
of the reduced road congestion, improved travel speed, 
and shorten travel time.

3. Stated Preference Survey

We have carried out the Stated Preference surveys (Diana 
2010), in order to obtain different traveller’ mode choice 

information. We have sent 150 questionnaires through 
email to the survey traffic engineers, and got 105 replies 
back. The final available sample size is 98; Table 5 shows 
the socioeconomic characteristics of samples.

From Fig. 2 we can find that after the implementa-
tion of congestion pricing policy, travellers will change 
their mode choices, especially the car mode choice 
proportion reduced sharply, and comparatively they 
would like to choose taxi. The experience of London 
(Prud’homme, Bocarejo 2005), and Stockholm (Eliasson 
et al. 2009) have shown the bus route re-schedule, park 
and ride transfer service, as well as the fare integration 
will be helpful with the implementation of congestion 
pricing. The management authority should consider the 
ridership changing and provide convenient transfer ser-
vice. 

Table 5. Socioeconomic characteristics of survey samples

Attribute Range Frequency [%]

Gender Male 
Female 

71.43
28.57

Age group 

<25
25–29
30–34
>35

8.16
73.47
14.29
4.08

Educational level
College graduate
Post graduate
PhD

26.53
59.18
14.29

Income per month

Less than ￥1500
￥1500–￥2999
￥3000–￥4499
￥4500–￥5999
More than ￥6000

18.37
22.45
19.39
10.20
29.59

Car ownership
Do not own a car
Own one car
Own two or more cars

85.71
12.25
2.04

Note: US $ 1 dollar = 6.31 Yuan (￥) conversion in April 2012

During the stated preference survey process, re-
spondents have expressed their concerns on the alloca-
tion of congestion pricing revenue; and they believe that 
a reasonable and transparent allocation of the revenue 
will increase public support and policy acceptance. The 
existing researches have also proved that the allocation 

Fig. 2. Travel’s mode choice before and after  
the implementation of congestion pricing
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of congestion pricing revenue will improve public trans-
port, reduce existing vehicle-related taxes, and facilitate 
public acceptance of the congestion pricing policy, see 
Farrell and Saleh (2005), Schuitema and Steg (2008), Eli-
asson et al. (2009), and Börjesson et al. (2012).

Conclusions

With the uncertainty existing in the traffic environment, 
travel’s mode choice behaviour is changing and not 
regular. Cumulative prospect theory can describe indi-
vidual’s decision-making characteristics and individual’s 
psychological status under the uncertain scenario, which 
makes the application of cumulative prospect theory in 
the modelling travel’s mode choice behaviour more suit-
able for traveller’s psychological expectations, as well as 
the travel’s mode choice behaviour changing. 

By introducing the cumulative prospect theory into 
analysis of different levels of car owners’ mode choice 
behaviour, this paper compared the similarities and 
difference of expected utility theory and cumulative 
prospect theory on the describing travel’s mode choice 
behaviours. The cumulative prospect theory was more 
suitable for analysing car owner’s mode choice decision-
making behaviour under uncertain and risk situation. 
With the consideration of traveller’s perception cost and 
risk value, this model can also be adopted in the analysis 
and evaluation of other passenger transportation man-
agement economic policy changing, such as the parking 
fee, bus/subway fare and oil price. 

The results of numerical example have shown that 
after the implementation of congestion pricing policy, 
car owner’s mode choice decision-making behaviour will 
change and shift to public transportation (such as sub-
way, taxi and public bus). Therefore, the management 
authority of passenger transportation should reschedule 
the service frequency of subway (public bus), re-plan-
ning the bus lines and taxi waiting stops, and develop 
the Park and Ride facilities. 

The future work can be conducted to combine with 
the Agent based model and analyse the impact of dif-
ferent congestion pricing level on travel’s mode choice 
behaviour, as well as the management authority’s social 
effect, including the environmental protection, energy 
consumption and total travel time. 
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APPENDIX 1

Value Function 
Prospect theory adopts value function to replace the 
utility function of expected utility theory, according to 
Tversky and Kahneman (1992), traveller’s value function 
at decision stage o can be defined as follows:

( )
( )

α

β

 ≥= 
−λ − <

, if 0;

, if 0,
o o

o
o o

x x
v x

x x
  (A.1)

where: α and β measures the degree of diminishing sen-
sitivity; λ describes the degree of loss aversion. 

According to Tversky and Kahneman (1992): α = 
β = 0.88, λ = 2.25, ( ) ( )= =0 0 0v x v .

APPENDIX 2

Weighted Function 
The Weighted functions proposed by Tversky and Kah-
neman (1992) for gains and losses are as follows respec-
tively:

( )
( )( )

γ
+

γγγ

=
+ −

1
1

pw p
p p

;  (A.2)

( )
( )( )

χ
−

χχχ

=
+ −

1
1

pw p
p p

,  (A.3)

where: p is the probability of gains and losses.
According to Tversky and Kahneman (1992): γ = 

0.61, χ = 0.69, ( ) ( )+ −= =0 0 0w w , ( ) ( )+ −= =1 1 1w w .

APPENDIX 3

Prospect Value Calculation 
Tversky and Kahneman (1992) developed a version of 
prospect theory that employs cumulative rather than 
separable decision weights. This version, cumulative 
prospect theory, applies to describe uncertainty as well 
as to risky prospects with any number of outcomes. Cu-
mulative prospect theory utilizes the cumulative func-
tion to demonstrate gains and to losses respectively. An 
uncertain prospect f is a function from a finite set of 
states of nature S into a set of outcomes X that assign 
each state an outcome. To define the cumulative func-
tion, the outcomes of each prospect are arranged in an 
increasing order. A prospect f is then represented as a 
sequence of pair ( ),i ix A , which yields xi if Ai occurs, 
where xi > xl if i > l and Ai is a partition of S. 

Positive subscripts, negative subscripts, and zero 
are used to denote positive outcomes, negative out-
comes, and neutral outcome, respectively. The positive 
part of f, i.e. +f , is obtained by letting ( ) ( )+ =f s f s  if 

( ) > 0f s , otherwise ( )+ = 0f s . The negative part of f, 
i.e. −f , is defined similarly. Cumulative prospect theory 
asserts that it exists a strictly increasing value function 

→ ℜ:v X . Satisfying that ( ) ( )= =0 0 0v x v , and decision 
weights functions w+ and w–, such that, for ( )= ,i if x A  , − ≤ ≤m i n  (Tversky, Kahneman 1992; Avineri 2006). 

Prospects are defined by the followings:

( ) ( ) ( )+ −= +V f V f V f ;  (A.4)

( ) ( ) ( )+ + +

=
= π ⋅∑

0

n

i i
i

V f f v x ;  (A.5)

( ) ( ) ( )− − −

=−
= π ⋅∑

0

i i
i m

V f f v x ,  (A.6)

where: ( )+V f  is the prospect gains values; ( )−V f  is 
the prospect losses value; ( ) ( )+ + + +π = π π0 , ,i nf   are the 
decision weights of the gains; ( ) ( )− − − −π = π π0 , ,i nf  are 
the decision weights of the losses (Tversky, Kahneman 
1992; Avineri 2006).

If the prospect ( )= ,i if x A is given by a probabil-
ity distribution ( ) =i ip A p , it can be viewed as a proba-
bilistic or risky prospect ( ),i ix p . In this case, decision 
weights are defined by the followings (Tversky, Kahne-
man 1992; Avineri 2006):

( )+ +π =n nw p ;                                               (A.7)

( )− −
− −π =m mw p ;                                          (A.8)

( ) ( )+ + +
+π = + + − + +1i i n i nw p p w p p  ,

 ≤ ≤ −0 1i n ;                                                  (A.9)

( ) ( )− − −
− − −π = + + − + + 1i m i m iw p p w p p  ,

 − ≤ ≤1 0m i .                                                 (A.10)
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