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ACCEPTABLE THRESHOLD OF PARKING CHARGES
FOR URBAN ELECTRIC BICYCLES
ABSTRACT
Electric bicycles are one of the essential traffic modes
in many cities in China. Due to the consideration on safety
and efficiency of the urban transportation systems, it is recognized that the use of electric bicycles should be limited
by shifting the demand towards public transit by imposing
parking charges on electric bicycles. To plan for this, the
travellers’ acceptance of parking charges must be taken into
account. This paper proposes an acceptable threshold Logit
model based on the non-compensation theory to calculate
the threshold of the parking charge of electric bicycles. Electric bicycle trips are categorized into seven groups in terms
of travel distances. The parking charges are of four discrete
levels, from 0, 1, 2 to 3 yuan. Based on the survey data in
the city of Handan, the traditional and acceptable threshold
Nest-Logit models with the distance intervals and charges
have been established and calibrated. Model calibration results show that the acceptable threshold Nest-Logit model
is more accurate than the traditional Nest-Logit model, and
the parking charge thresholds do exist. Specifically, within 3
km and outside 3 km the parking charge threshold is 1 yuan
and 2 yuan, respectively. The parking charge thresholds can
help in decision-making for parking pricing of electric bicycles.

KEY WORDS
urban traffic; threshold; Nest-Logit model; electric bicycle;
parking charge;

1. INTRODUCTION
Electric bicycles (e-bikes) are two-wheeled vehicles powered by electric motor and battery. According
to the National Bureau of Statistics, there were over
200 million electric bicycles in China in 2016. Electric

bicycles were once very popular for their flexibility and
convenience in many cities. However, the National
Road Transportation Law [1] classifies the electric bicycle as a non-motor vehicle from legal and regulatory
perspective and allows access to bicycle infrastructure. Consequently, safety problems such as speeding, overloading, occupying roadways, even riding on
expressway, poor stability, changing directions randomly, contributing to congestion are serious. According to Shanghai traffic police department statistics, in
non-motor vehicle accidents, electric bicycles accounted for more than 80% from January to September in
2017. According to Nanning traffic police department
statistics, there were 2,778 traffic accidents involving electric bicycles which resulted in 28 deaths and
604 injuries in 2017. Moreover, in all traffic accidents
of Nanning, the number of accidents, the number of
deaths and the number of injuries associated with
electric bicycles belong all in the top three.
So, local policies have been critical to the development of electric bicycles. Beijing introduced a ban on
electric bicycles in early 2006, which was quickly withdrawn. However, on a part of the streets the electric
bicycle has been prohibited again since 2016. Guangzhou also introduced a ban on electric bicycles in late
2006. Chengdu and Fuzhou have announced a licensing scheme that will restrict the use of electric bicycles
in the city centre based on the size and speed characteristics. Shenzhen plans to ban electric bicycles in
the developed areas of public transportation and key
areas. However, it is impossible to eliminate electric
bicycles in the cities in short term, because electric
bicycles play an important role in the improvement of
mobility and accessibility. It is necessary to limit the
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use of electric bicycles by parking charges and to develop the alternative traffic modes such as public bicycles, sharing bicycles and buses to gradually eliminate
electric bicycles.
The existing research on parking charges focuses
mainly on private cars. To mitigate the traffic congestion and reduce total social costs, a model was established to determine the parking charges and parking
supply [2]. To compare the attitudes towards congestion and parking charge and explore their effect on
travel behaviour, two Logit models were established
[3]. Hensher et al. and Pierce et al. [4-5] measured
the effect of parking prices on the parking occupancy. Based on the stated preference data and logistic
regression, a model was developed to predict the effects of the parking price on time limitation [6]. Based
on the structural equation theory, a model on the influence factors related to the acceptability of parking
charges was established [7]. Gillen et al., Wilson et al.,
Peng et al. and Qin et al. [8-11] analysed the relationship between the parking price and the mode choice.
Hypo-best price model of on-street parking charge was
constructed which emphasises the policy factors of
on-street parking in terms of the public feature of onstreet parking space [12].
Even though parking charges are affected by many
factors, it is undeniable that travellers' acceptance of
parking charge must be taken into account. The travel
choice behaviour will suffer unconventional changes
when the parking fee is beyond the accepted price
threshold of the travellers. Although some researchers
have realised the importance of attribute threshold in
travel choice behaviour, almost all the studies failed to
mention how to determine the threshold. Kishi’s Logit
price sensitivity measurement (KLP) is often employed
to obtain the price threshold of the consumer, which
determines the price threshold according to the consumers' psychological reaction and cumulative probability distribution curve [13]. As well known the charge
price can affect the travel behaviour, consequently,
charge pricing ignoring the travel choice behaviour
is too one-sided. In this paper, an attempt is made to
estimate reversely the price threshold according to
travel choice behaviour statistics results. Logit model
can be used to analyse the travel choice behaviour;
however, when the value of attributes exceeds the traditional Logit model can lead to errors in estimation
[14]. Therefore, a semi-compensatory discrete choice
model with explicit attribute thresholds of perception
was established [15], and the difference between
traditional discrete choice model and the semi-compensatory discrete choice model considering threshold of attributes has been discussed. Considering the
thresholds in the perception of changes in attribute
values, a discrete model was established. The model
postulates that if thresholds exist they could be random, differ between individuals, and they could even
258

be a function of socio-economic characteristics and
choice conditions. Further, with the given thresholds
the difference between traditional discrete choice
model and the proposed model has been discussed
[16]. Obermeyer pointed out that the value of travel
time savings will be biased if the time threshold is ignored in the route choice model [17]. Based on the
route choice data from a real-world driving experiment,
an analysis was conducted to observe the frequency of
different choice strategies, examine the route switching behaviour and inertial choices. Finally, the inertia
thresholds were estimated according to the lost travel
time resulting from inertial choices [18].
In this paper, the accepted thresholds of parking
charge have been analysed, which can be used for
decision-making regarding parking pricing of electric
bicycles, and an acceptable threshold Logit model
has been established to determine the parking charge
thresholds of the electric bicycles. Based on the data
of the electric bicycles, public bicycles and buses in
Handan, China, the traditional Nest-Logit (NL) models and acceptable threshold NL models have been
calibrated. By comparing the precision of the models
with different travel distances and charging levels, the
parking charge thresholds have been determined.

2. DATA COLLECTION
The study area is Handan of China which is about
10 km from east to west and from north to south. The
common traffic modes include electric bicycles, public
bicycles, cars, taxis, buses and walking which account
for 18%, 11%, 22%, 8%, 18%, and 23%, respectively
(the data were acquired from the “Travel Survey Report of Handan in 2015”). By 2020, the sharing ratio
of electric bicycles, public bicycles, cars, taxis, buses
and walking will be 8%, 14%, 23%, 8%, 23%, and 24%,
respectively (the data were acquired from “The 13th
Five-Year Traffic developing planning of Handan City”).
It intends to reduce the use of electric bicycles in the
central areas by parking charging to 8% and to promote a larger number of people transferring to buses
and public bicycles. This paper aims to determine the
parking charge thresholds of electric bicycles to limit
their use and to find the alternative modes.
As is well known, walking, bicycles, electric bicycles, buses, bus rapid transit (BRT), subway, cars and
taxis have their own ideal travel distances, which is illustrated in Figure 1 [19-20]. From this figure, it can be
seen that the reasonable travel distance of electric bicycles is about 6 km. Consequently, this paper divides
the travel distances into two parts: within 6 km and
outside 6 km. Furthermore, a detailed division is considered when the travel distance is within 6 km. The
process of traffic modes choice can be divided into
the first and the second level. Electric bicycles, cars
and walking belong to private traffic modes, and public
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bicycles, buses and taxis belong to public traffic
modes. The traffic mode choice limbs which compete
with the electric bicycles include public bicycles and
buses, as shown in Figure 2. Walking, cars and taxis will
not be considered due to reasonable travel distances,
ownership and cost.
Data collection is conducted through a questionnaire, in which the data are divided into three categories: RP data which are mainly used for the status
analysis of the traffic mode choice, SP data which are
mainly used for model calibration and personal attribute data. In the RP survey, the respondents’ travel
distance and traffic mode choice have been obtained;
further, if one uses more than one traffic mode, the
travel distance of each mode is collected. In our SP
survey, the service level index has been the parking
charge value including four discrete levels from 0, 1, 2
to 3 yuan and travel distance which has been categorized into seven groups including less than 1 km, 1-2
km, 2-3 km, 3-4 km, 4-5 km, 5-6 km and out of 6 km.
The personal attributes include: gender, age, education level, car ownership and monthly income. In the

survey, the age has been divided into four categories,
including 18 to 30, 31 to 40, 41 to 50, and older than
50. The education level includes four categories, under junior high school, high school, university and post
graduate. The average monthly income of Handan city
is CNY 4,229 yuan (CNY 1 yuan equals about 0.1441
USD or 0.1258 EUR). Monthly income has been divided into four categories: less than CNY 4,000, 4,000 to
8,000, 8,000 to 12,000 yuan, and higher than 12,000
yuan. Considering the area characteristics of Handan
and the habits of the residents, four representative
commercial malls in the centre of Handan city, which
include Xinshiji, Furuiteshidaiguangchang, Yangguangshimao and Wanda were surveyed.
Finally, we received 972 valid data. The statistical
result indicates that the gender plays an important
role in the mode choice. All different age groups tend
to travel by electric bicycles, but there is a significant
difference in the mode choice among the travellers
of the age 18-30. Monthly income has effect on the
mode choice, but the education level has little effect.
Travellers are more likely to choose electric bicycles
regardless of whether they own a car or not, but travellers who own cars show a significant difference in the
tendency of the mode choice. There is a large change
in the mode choice when the travel distance is different. Therefore, a preliminary assessment is made that
the gender, 18-30 years old, monthly income, car ownership and travel distance are significant factors in the
mode choice.

3. METHODOLOGY
3.1 Basic model
Pursuing the maximum utility is the core principle
of disaggregate model, in which respondents are supposed to know all the information about the alternatives and follow the compensation theory. Considering
the time and cost for traveller n, the utility function of
mode i is shown in Equation 1.
U in = Vin + f in = a $ cos t i + b $ time i + f in

(1)

where: Uin represents the utility of traveller n when
mode i is selected; Vin stands for the systematic part
of the utility; fin is the error between the systematic
part of utility and the true utility; a, b is the coefficient
of cost and time, respectively; costi, timei represent the
time and cost of mode i.
Assume that there are two modes, cost and time
are 2 yuan and 4 min, respectively in mode 1, cost
and time are 6 yuan and 2 min, respectively in mode
2, a=-1, b=-2. Considering that two factors can be
transformed mutually, both utilities equal -10. Thus,
the choice probability of these two modes is the same
in traditional Logit model. However, this is unreasonable. Once the cost or time exceed the travellers’
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acceptable threshold XAth, they may give up on this
mode, which means Uin will be infinitely small. This situation is defined as “non-compensation theory” in utility calculation [21]. Due to the existence of non-compensation mechanisms, the traveller’s actual choice is
determined by Equation 2.
Z]
]] S 1n
]]
] S 1n
[]
]] S 2n
]]
]] S 2n
\

if
if
if
if

U 1n > U 2n; cos t 1 < cos t nAth
U 1n < U 2n; cos t 2 $ cos t nAth
U 2n > U 1n; cos t 2 < cos t nAth
U 1n > U 2n; cos t 1 $ cos t nAth

and time 1 < time nAth
or time 2 $ time nAth (2)
and time 2 < time nAth
or time 1 $ time nAth

where: S1n, S2n represent traveller n choosing mode 1
or mode 2; timenAth, costnAth are acceptable thresholds
of time or cost.
An acceptable threshold NL model is established
based on the non-compensation theory and acceptable threshold. The model assumes that the acceptable threshold of attribute X for traveller n is XnAth and
the utility error term for each alternative is subject to
the standard extreme value distribution. According to
the joint cumulative distribution function of modes, the
choice probability P(ci) of mode i is shown in Equation 3
when the coefficient of attribute in utility function is
negative and Equation 4 when the coefficient of attribute in utility function is positive. The relationship between the utility and the attribute is linear, and the
utility will be infinitely small when the value of attribute is larger or smaller than a certain value, which is
consistent with the reality, as shown in Figure 3a and
Figure 3b. Without consideration of the threshold, the
choice probability of mode is shown in Equation 5.
The relationship between the utility and attribute is
linear, too. However, the utility is infinitely small or infinitely large when the attribute value is infinitely large
Utility

Z]
]] P (c i) = P ^ t h $ P ^ c i t h =
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]]
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/ exp 7m 2 ^ V j + V *j hA
]]
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]]
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]
$
[]
/ exp 7m 2 ^ V j + V *j hA
]]
j ! Nt
]]
]]
P (c i) = 0
\
P (c i) = P ^ t h $ P ^ c i t h =
exp 7m 2 ^ V j + V *j hA
$
/ exp 7m 2 ^ V j + V *j hA
j ! Nt

exp 6m 1 Vi@
exp 6m 1 Vi@

X < X nAth

/

(3)

j ! Nm

X $ X nAth
exp 6m 1 Vi@
exp 6m 1 Vi@

X $ X nAth

(4)

/

j ! Nm

X < X nAth
exp 6m 1 Vi@
exp 6m 1 Vi@

/

(5)

j ! Nm

where: P(t) is the probability that nest t has been selected; P(ci|t) represents the probability of mode i
when nest i is selected; Nt is the choice limb set of nest
t; Nm is the selection set; Vj is the system utility of the
virtual choice limb j; Vj* is a variable, reflecting the influence of the sublayer to the upper layer; Vi is the system utility of mode i; m1 is a parameter corresponding
to variance v12, which only takes the utility of the sublayer into consideration, and the default value is 1; m2
represents the parameter corresponding to variance
v22, considering the utility of the sublayer and the upper layer at the same time. Note that the model will
change to MNL model when m2=1.
Utility

X XnAth
Attribute

biX
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Figure 3a – Attribute coefficient in utility
function is negative
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Figure 3b – Attribute coefficient in utility
function is positive
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Figure 3c – Attribute coefficient in utility
function is negative
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or infinitely small, shown in Figure 3c and Figure 3d. Obviously, it is not consistent with the reality, especially
when attributes such as time and cost are included in
the utility.

X

Attribute

Figure 3d – Attribute coefficient in utility
function is positive
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3.2 Threshold calculation procedure
According to the calibration result of NL model,
gender, age, monthly income, car ownership and travel distance play significant roles in the mode choice.
Moreover, the factor elasticities show that the travel
distance and parking charge have the most important
effects on the mode choice. Consequently, the acceptable threshold NL models are established based on
the travel distance. Traditional NL models are established based on the data of different travel distances,
and the accepted threshold NL models are established
based on the data of different travel distances with different parking charge thresholds. Eventually, the best
parking charge threshold is recommended according
to the accuracy of different models, and the calculation process of parking charge threshold is as follows:
Step 1: According to the reasonable travel distance
of the travel modes, travel distance A is divided into
seven sections which include less than 1 km, 1-2 km,
2-3 km, 3-4 km, 4-5 km, 5-6 km and more than 6 km,
described as: A = " A 1, A 2, A 3, fA 7 ,;
Step 2: Parking charge is divided into four levels which
include 0 yuan, 1 yuan, 2 yuan and 3 yuan, and the
parking charge thresholds are arranged from small to
large, recorded as: P={P1, P2, P3, P4};
Step 3: Let i=1, j=1;
Step 4: The traditional NL model, recorded as Mi, is
established based on the data that the travel distance
is Ai and the parking charge is Pj;
Step 5: Select Pj ( j ≥ 2, because it means no threshold exists when j=1) as the parking charge threshold.
According to the traveller's choice behaviour to judge
whether their behaviour is suitable for the acceptable
threshold model to filter data (if the traveller chooses
electric bicycle and the cost of electric bicycle parking
is beyond or equal to the threshold, the data will not
be chosen; otherwise, the data will be chosen). Then
the accepted threshold model is calibrated according
to the filtered data, recorded as Nj;
Step 6: Then j=j+1 and return to Step 5;
Step 7: When j=4, compare the precision of Mi, N2,
N3, N4, and the best model is selected as the final
calibration result, and parking charge thresholds are
obtained;
Step 8: Then let i=i+1 and return to Step 4;
Step 9: When i=7, calibration ends, and the parking
charge thresholds of different travel distances are obtained.

4. RESULT AND DISCUSSION
4.1 Traditional NL model
The traditional NL model was established according to all the SP survey data and the calibration results
are shown in Table 1.

If the absolute value of the t-test for the factor is
greater than 1.96 in the calibration of NL model, there
is a 95% confidence that the factor is a significant factor. The calibration results show that monthly income,
gender, car ownership, age of 18-30, parking charge
and travel distance are significant factors. Note that ρ2
is less than 0.2, which means the accuracy is low; however, m2 is 0.4235, which indicates a high degree of
correlation in the nest of the model and a reasonable
relationship among each layer of the model.
Table 1 – Calibration results of traditional NL model
Attribute

Calibration coefficient (t test)
Sublayer

Upper layer

Constant

0.2036
(2.1236)

0.2116
(2.3125)

Monthly income

-1.5865
(-2.9638)

-1.9236
(-3.1635)

Gender

0.6521
(2.5893)

0.7231
(2.6532)

Car ownership

-0.6156
(-2.3682)

-0.8309
(-2.1539)

Age 18-30

0.3513
(2.1752)

0.2836
(2.6321)

Distance

-2.2302
(-3.2851)

-4.1316
(-2.9632)

--

-5.8127
(-3.9352)

t2=0.1836

t2=0.1932,
m=0.4235

Parking charge
Statistical indicators

Factor sensitivity can be measured using elasticities, defined as the percentage change in mode
choice resulting from a 1% change in the factor, all
else held constant. High elasticity value indicates that
a relatively small change in the attribute causes a relatively large change in the mode choice. Low elasticity
value means that the factor has relatively little effect
on the mode choice [22]. For example, if the elasticity of electric bicycle ridership with respect to parking
charge is –0.8, this means that each 1% increase in
the transit fares causes a 0.8% reduction in ridership.
So, the elasticity of attribute to traffic mode can be
calculated as shown in Equation 6. Taking a person with
a monthly income of under 4,000 yuan, age 18-30,
owning a car, travel distance 1-2 km, parking charge 1
yuan as an example, the elasticities have been calculated in Table 2.
P^ c h
EX i

Promet – Traffic & Transportation, Vol. 31, 2019, No. 3, 257-269

dP ^ c i h
dP ^ c i h
P^ c i h
X
= dX =
$ dX
P^ c i h
X

(6)
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where: i represents traffic mode i; P(ci) represents the
probability that traffic mode i is chosen; X represents
P^ c h
attribute X; E X i represents the elasticity of attribute
x to traffic mode i.
Based on the calibration results of the traditional NL model we can know the monthly income, gender, car ownership, age 18-30, distance and parking
charge are significant factors (absolute values of t-test
greater than 1.96); further, the greater the elasticity
absolute value of the influencing factors, the greater the degree of influence, and the factor elasticities
in Table 2 show that the travel distance and parking
charge have the most important effects on mode
choice. So, it is reasonable to determine the parking
charge threshold based on the travel distance.
Table 2 – Factor elasticities
Elasticities

Monthly income

-0.1429

Gender

0.0926

Car ownership

-0.1326

Age 18-30

0.0711

Distance

-0.2932

Parking charge

-0.3619

4.3 Sensitivity analysis

4.2 Acceptable threshold NL model
The acceptable threshold model is calibrated when
the travel distance is within 1 km, and the comparison
of the calibration result between acceptable threshold
NL model and traditional NL model (parking charge=0)
is shown in Table 1 of the Appendix. Similarly, the calibration results with the distances of 1-2 km, 2-3 km,
3-4 km, 4-5 km, 5-6 km and more than 6 km are obtained. The calibration results show that significant
factors and their coefficients are similar between the
models with travel distances of 1-2 km and 2-3 km,
and both of the parking thresholds equal 1 yuan. Consequently, the models are developed when the distance is 1-3 km and the results are shown in Table 2
of the Appendix. Similarly, significant factors and their
coefficients are similar among the models with travel distances 3-4 km, 4-5 km and 5-6 km, and all of
their parking thresholds equal 2 yuan. Consequently, a
model is established when the distance is 3-6 km and
the results are shown in Table 3 of the Appendix. As for
the travel distance beyond 6 km, the results are shown
in Table 4 of the Appendix.
The calibration results show that if the traveller
owns a private car, the probability and utility of the
electric bicycle will decrease. Education level is not
a significant factor in traditional NL model; however, the absolute values of t test for the “Under junior
high school” is greater than 1.96 in the acceptable
262

Travellers’ perception of the threshold is reflected
by the coefficient of “parking charge” in threshold NL
model, and the greater the absolute value of the coefficient, the higher the sensitivity to parking charge
threshold. The coefficient of the parking charge with
different travel distances is shown in Figure 4.
Figure 4 shows that when the travel distance is fixed,
the threshold NL model in which the traveller has the
highest sensitivity to the parking charge threshold has
the highest acuracy, which further indicates that there
is a parking charge threshold for the electric bicycle.
Cross-elasticities refer to the percentage change in
the choice of a traffic mode resulting from a parking
charge change in another related mode. For example,
an increase in the price of riding electric bicycles tends
to reduce the demand for electric bicycle and to increase the demand for bus and public bicycle. So, the
5

Coefficient of parking charge

Attribute

threshold NL model; therefore, “Under junior high
school” is a significant factor, which indicates that
groups whose education level is under junior high
school pay more attention to the charge threshold.
The coefficient of the parking charge is negative, which
means that with higher parking charges, the utility of
electric bicycle tends to decline. There is a significant
difference among different parking charges when the
threshold is taken into consideration. Further, the
threshold NL model is more accurate than the traditional NL model (t2 of threshold NL model is bigger),
thus the parking charge thresholds do exist. The variation range of m2 is 0.4-0.5 indicates that there is a high
degree of correlation among limbs in the nest, and the
relationship is reasonable. When the precision of the
model is the highest, the charge value is recommended as the threshold, so the parking charge threshold
within 3 km and outside 3 km is 1 yuan and 2 yuan,
respectively.

Threshold=1 yuan
Threshold=2 yuan

4.5

Threshold=3 yuan
4
3.5
3
2.5
2

<1 km

1—3 km

3—6 km

>6 km

Travel distances

Figure 4 – Sensitivity analysis with different travel
distances
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proportion change of mode i resulting from the change
of attribute Xj to mode j can be calculated as shown in
Equation 7.
dP ^ c i h
X j dP ^ c i h
P^ c i h
P^ c h
E Xij i = dX
=
$
j
P ^ c i h dX j
Xj

represents the proportion of public bicycle; PB represents the proportion of buses. Moreover, based on
the calibration parameters of the model with a travel
distance within 1 km and parking charge threshold of
1 yuan, the proportion of traffic modes and elasticities
under different parking charges can be obtained as
shown in Figure 5a. Similarly, Figures 5b, 5c and 5d can
be obtained when the travel distance is 1-3 km, with
parking charge threshold of 1 yuan; 3-6 km with parking charge threshold 2 yuan, and outside 6 km with
parking charge threshold 2 yuan, respectively.
Figures 5a-5d show when the parking charge of the
electric bicycle is 0 yuan and travel distance is within 6 km, travellers prefer to choose electric bicycles.
With the increase of the parking charge, the number
of public bicycle and bus travellers will increase gradually. Also, travellers are more inclined to choose public bicycles at distances smaller than 3 km and buses
are more attractive when the distance exceeds 3 km.
When the travel distance is greater than 6 km, travellers prefer to choose buses and the proportions of
electric bicycles and public bicycles are low.

(7)
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where: i and j represent traffic mode i and j, respectively; P(ci) and P(cj) represent the probabilities that
traffic mode i and j are chosen, respectively; Xj repP^ c h
resents attribute Xj; E X ij i represents the elasticity of
attribute Xj to traffic mode i.
According to the calibration results of Tables 1-4 in
the Appendix, taking a person with a monthly income
of under 4,000 yuan, 18-30 years of age, owning a car,
educational level under junior high school, cross-elasticities were calculated with parking charge =0.5 yuan,
1 yuan, 1.5 yuan, 2 yuan, 2.5 yuan and 3 yuan, where
EE represents the elasticity of the parking charge
for electric bicycle; EP represents the cross-elasticity of parking charge for public bicycle; EB represents
the cross-elasticity of parking charge for buses; PE
represents the proportion of electric bicycle; PP
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Figure 5 – Mode choice proportion and elasticities under different parking charges with different distances
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Figure 5a shows that when the parking charge is 0

yuan, the respondents prefer to choose electric bicycles and the proportion is very high. With the increase
of the parking charge the proportion of electric bicycles decreases sharply and the proportion of public
bicycles and buses features a greater growth. However, when the parking charge is more than 1 yuan,
the trend is not obvious. Further, elasticities show
that when the parking charge is 0.5 yuan, the elasticities of electric bicycles, public bicycles and buses are
-0.3864, 0.2983 and 0.4135, respectively, which indicates that when the parking charge increases by 100
percent, that is, the parking charge is 1 yuan, electric
bicycles will decrease by 38.64 percent and public bicycles and buses will increase by 29.83 percent and
41.35 percent, respectively. When the parking charge
is over 1 yuan, the proportion of public bicycles and
buses increases slowly. Comparing the variety of mode
ratio and elasticity with different parking charges, it
can be further certified that the parking charge threshold with travel distance within 1 km is 1 yuan. Similarly, from Figures 5b-5d, it can be concluded that the
parking charge thresholds are 1 yuan and 2 yuan, respectively, when the travel distance is smaller than 3
km and exceeding 3 km.
To analyse the travellers’ perception of the parking
charge threshold clearly, the statistical analysis of the
threshold value with different attributes is carried out.
The analysis result with the travel distance smaller
than 3 km and the parking charge threshold of 1 yuan
is shown in Figure 6a. The analysis result with the travel
distance of more than 3 km and the parking charge
threshold of 2 yuan is shown in Figure 6b.
From the two figures some conclusions can be
made. Women are more concerned about the parking
charge threshold and the proportion of people considering parking charge threshold decreases with age,
which may be due to the increase of the income. Education level plays a small role when parking charge
threshold is 1 yuan, and there is no sufficient reason
Over 12,000 Male
yuan 1.0
0.8
8,000-12,000
0.6
yuan
0.4
4,000-8,000
0.2
yuan
0.0
Under 4,000
yuan

Female
18-30 years old
31-40 years old
41-50 years old

Older than 50
Post graduate
University
Under junior
High school high school

a) Threshold = 1 yuan

to indicate that education level plays an important
role when parking charge threshold is 2 yuan. With
monthly income increasing, there will be fewer travellers who consider thresholds. It is worth pointing out
that Handan is a medium-sized city with steel and coal
as important industries; therefore, the employees who
entered the industry in the early stage are not necessarily educated, but their income is higher) so the positive correlation between education level and monthly
income is not evident. The threshold plays an important role in determining the parking charge value, and
the larger the area of the curve, the larger the population who consider parking charge threshold. Also, the
more people who consider the parking charge threshold, the more instructive the threshold obtained for the
formulation of the related charging policy.

4.4 Suggested parking prices for electric
bicycles
By 2020, the sharing ratio of electric bicycles, public bicycles, cars, taxis, buses and walking will be 8%,
14%, 23%, 8%, 23%, and 24%, respectively. That is,
by 2020, the proportion of electric bicycles will have
accounted for 17.8% of the sum of the three (electric
bicycle, public bicycle and bus). Therefore, it is necessary to charge for electric bicycles to achieve the target
sharing ratio. The pricing method based on the acceptable threshold is as follows:
Step 1: The attributes of traveller n remain unchanged.
Given the initial parking charge 1 yuan/time;
Step 2: Based on the model with travel distance smaller
than 1 km and threshold 1 yuan/time, travel distance
1-3 km and threshold 1 yuan/time, travel distance 3-6
km and threshold 2 yuan/time, travel distance outside
6 km and threshold 2 yuan/time, the probability of the
traveller who chooses an electric bicycle can be calculated. If the probability is greater than 0.33, then it can
be assumed that traveller n will choose the electric bicycle. Next, calculate the total number of people and
the sharing ratio of electric bicycle {1;

Over 12,000 Male
yuan 1.0
0.8
8,000-12,000
0.6
yuan
0.4
4,000-8,000
0.2
yuan
0.0
Under 4,000
yuan

Female

Post graduate

18-30 years old
31-40 years old
41-50 years old
Older than 50

University
Under junior
High school high school

b) Threshold = 2 yuan

Figure 6 – Analysis result of the threshold
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Step 3: Investigate the relationship between {1 and
the target sharing ratio {=17.8%;
–– If {1={, then stop the calculation;
–– If {1>{, then the parking charge increment is set
to DX=0.1. Next, repeat Step 2 until {k-1<{k<{ or
{k-1<{<{k<{+d;
–– If {1<{, then the parking charge increment is set
to DX=-0.1. Next, repeat Step 2 until {k-1<{k<{
or {k-1<{<{k<{+d; afterwards, {k-1 and {k represent the sharing ratio when iterating at steps
k-1 and k, respectively. d indicates that the value
of actual sharing ratio amount exceeds the target
sharing ratio (the value is 0.003 in this study);
Step 4: Determine the suggested parking charge of
electric bicycle based on the final charge value.
The calculation results show that when parking
charges are 1.5 one parking and 1.6 one parking the
sharing ratios of electric bicycles are 17.6% and 17.9%,
respectively, approximately to the target sharing ratio
17.8%. To transfer more electric bicycles to buses and
public bicycles, the suggested parking charge is 1.6
yuan one parking.

5. CONCLUSION
An acceptable threshold Logit model for determining the parking charge has been established based
on the non-compensation theory and acceptable
threshold. The data of electric bicycles, public bicycles and buses in Handan, China, have been applied
to traditional NL models and acceptable threshold
NL models, respectively. Comparing to the traditional NL mode, the results indicate that there is better
precision in acceptable threshold NL model, and ρ2
is greater than 0.2. Also, the calibration results and
elasticity analysis indicate that the parking charge
thresholds do exist, and the parking charge threshold within 3 km and outside 3 km are 1 yuan and 2
yuan, respectively. The electric bicycle proportion decreases sharply when the parking charge value fluctuates around the threshold. Also, with the parking
charge value increase, the travellers prefer to choose
public bicycle and bus. Further, it has been observed
that the travellers are more inclined to choose public
bicycles with the distances smaller than 3 km; otherwise, buses are more attractive. In terms of personal attributes, women are more concerned about
the parking charge, and the education level plays a
small role when parking charge threshold is 1 yuan.
Furthermore, there is no sufficient reason to indicate
that the education level plays an important role when
parking charge threshold is 2 yuan. To transfer more
electric bicycles to buses and public bicycles, the
suggested parking charge is 1.6 yuan/one parking.
The accepted threshold model can estimate reversely parking charge threshold according to travel
choice behaviour statistics results, compared with

the other method, which can better reflect the relationship between the charge threshold and travel
choice behaviour. The acceptable threshold model
can be also used in other cities where the electric
bicycle still plays an important role, but the parameters such as interval division of travel distance and
charge price should be adjusted. Once the model is
used in the cars, the charge threshold is also affected by the parking time, parking location and some
other attributes apart from the travel distance. Further, the idea of the proposed threshold model can
be used in the calculation of the threshold in other
fields such as walking and riding distance threshold
in the subway station area.
Although the method of determining the parking
charge threshold of electric bicycles is recommended, there are some difficulties that should be discovered before being applied to the real world, such as
the statistics of the attribute distribution and travel
distance distribution. Moreover, the method of determining the pricing of electric bicycles based on the
threshold model needs to be further researched. Additionally, the traveller’s behaviour will suffer a sharp
change at the charge threshold point in the accepted
threshold method. In reality, the traveller is hesitant
around this threshold. Therefore, a more complex
change curve can be assumed, such as hard threshold function, and it is a piecewise linear function,
where the slope within the threshold area is zero, and
the soft threshold function, where the slope increases continuously from zero to the limit of one.
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城市电动自行车停车收费可接受阈值研究
摘要
在中国的许多城市，电动自行车是非常重要的交通方
式。考虑到城市交通系统的安全性和效率，通过对电动自
行车进行停车收费，减少电动自行车出行，逐步将其转
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向公共交通成为共识。在电动自行车停车定价时必须考
虑出行者对停车收费的可接受阈值。本文提出了一种基
于非补偿理论的可接受阈值Logit模型来计算电动自行车
停车收费阈值。将电动自行车出行按出行距离分为7组，
停车费分为四个级别：0元、1元、2元到3元。以邯郸市
出行者的调查数据为基础，分别建立了传统Nest-Logit模
型及不同距离、不同收费水平下可接受阈值Nest-Logit模
型。模型标定结果表明：可接受阈值Nest-Logit模型比传
统Nest-Logit模型精确度更高、停车收费阈值确实存在；
出行距离为3km以内和3km以外的停车收费阈值分别为1
元和2元。确定的停车收费阈值有助于电动自行车停车定
价策略的制定。
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0.2239 (2.1516)

Sublayer

0.2132 (2.3157)

Upper layer
0.2632 (2.3623)

Sublayer
0.2315 (2.5281)

Upper layer

Threshold=1 yuan(t test)

0.2231 (2.3209)

Sublayer
0.2217 (2.7652)

Upper layer

Threshold=2 yuan(t test)

0.2012 (2.0839)

Sublayer

0.2183 (2.8921)

Upper layer

Threshold=3 yuan(t test)

t2=0.1809

t2=0.1913
m2=0.4305

Statistical
indicators

t2=0.1921

t2=0.1908
m2=0.4406

-

t2=0.3218

-

t2=0.3313
m2=0.4015

-3.6918 (-4.8532)

0.3251 (2.7536)

t2=0.2506

-

0.2575 (2.0537)

t2=0.2306
m2=0.4113

-3.1586 (-2.5896)

0.3127 (2.4758)

-0.1506 (-2.7813)

t2=0.2215

-

0.2475 (2.4936)

0.2465 (2.2703)

t2=0.2103
m2=0.4721

-2.8366 (-2.8924)

0.2903 (2.5352)

-0.1311 (-2.6832)

0.7135 (2.6935)

-

0.4052 (2.2568)

0.2732 (2.0613)

0.4127 (2.4969)

Parking charge

-

-0.1835 (-3.2516)

0.6248 (2.7362)

-

0.3152 (3.0582)

0.3619 (2.8654)

Under junior
high school

-0.1421 (-2.6932)

0.5018 (2.9932)

0.2306 (2.3015)

0.5238 (2.4359)

-1.7183(-2.5306)

0.2019 (2.3652)

Upper layer

Age of 18-30

0.2512 (1.9803)

Sublayer

-0.3576 (-2.5368) -0.4386 (-2.1692) -0.8534 (-2.1321) -0.9819 (-2.8696) -0.5872 (-2.6534) -0.7218 (-2.3486) -0.6013 (-2.1837) -0.5813 (-2.7825)

0.2356 (2.2206)

Upper layer

Car ownership

0.2106 (2.6501)

Sublayer

0.7824 (3.5624)

0.1782 (2.7813)

Upper layer

0.3143 (2.5634)

0.2015 (2.2154)

Sublayer

t2=0.2103
m2=0.4821

-3.1921 (-2.9012)

0.2903 (2.5352)

Threshold=3 yuan (t test)

t2=0.2302

-

0.2108 (2.1341)

Gender

0.1531 (2.5206)

Upper layer

t2=0.2415
m2=0.4256

-3.2102 (-4.0815)

Threshold=2 yuan (t test)

t2=0.2606

-

0.2706 (2.1132)

-0.1905 (-2.9102)

-1.9372(-2.6873) -1.7285 (-2.6599) -1.5238(-2.3786) -1.6231 (-2.7532)

0.2307 (2.3621)

Sublayer

Threshold=1 yuan (t test)

t2=0.3393
m2=0.4132

-4.0609 (-5.3512)

0.2092 (1.9832)

0.2865 (2.8352)

Monthly income -1.2052 (-3.1562) -1.4936(-2.7925) -1.8342 (-3.5231)

Constant

Attribute

Traditional model (parking charge=0)
(t test)

t2=0.3532

Table 2 – Comparison of the calibration results from 1km to 3km

Statistical
indicators

-

0.2302 (2.8106)

-0.1431 (-2.6105)

-

0.3131 (2.1208)

0.2641 (2.0231)

Parking charge

-

-0.1703 (-2.9801)

0.7305 (2.3106)

-

0.3205 (2.7231)

0.4839 (2.3109)

Under junior
high school

-0.1308 (-2.3561)

0.7202 (2.4651)

0.2518 (2.5139)

0.3637 (2.6581)

Age of 18-30

0.7583 (2.9826)

-0.4235 (-2.0352) -0.5208 (-2.2634) -0.7621 (-2.1321) -0.9205 (-2.7235) -0.6406 (-2.0963) -0.9706 (-2.5932) -0.6502 (-2.5833) -0.7613 (-2.4509)

0.5162 (2.8231)

Car ownership

0.7103 (2.3812)

0.4168 (2.1385)

Gender

Monthly income -1.3316 (-2.9632) -1.5962 (-2.5634) -1.7621 (-3.1631) -1.9652 (-3.5862) -1.4396 (-2.8619) -1.7018 (-2.7259) -1.5433 (-2.5231) -1.6731 (-2.7106)

Constant

Attribute

Traditional model (parking charge=0)
(t test)

Table 1 – Comparison of the calibration result within 1km
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0.1306 (2.5841)

Sublayer

0.1439 (2.7326)

Upper layer
0.1295 (2.6951)

Sublayer
0. 1502 (2.5913)

Upper layer

Threshold=1 yuan (t test)

0.1401 (2.3122)

Sublayer
0.2006 (2.3625)

Upper layer

Threshold=2 yuan (t test)

0.2019 (2.0513)

Sublayer

0.1932 (2.0378)

Upper layer

Threshold=3 yuan (t test)

0.5632 (2.3675)
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-

-

t2=0.1936

Under junior
high school

Parking charge

Statistical
indicators

t2=0.1821
m2=0.4623

-

-

-0.1753 (-2.3756)

0.6825 (3.1231)

0.5012 (3.0285)

0.8306 (3.6835)

0.2931 (2.0325)

0.1836 (2. 3678)

Upper layer

t2=0.2356
m2=0.4432

-2.5275 (-3.5872)

0.2936 (2.6952)

-0.1432 (-3.0658)

0.2632 (2.3126)

Sublayer
0.2305 (2.7825)

Upper layer

Threshold=1 yuan (t test)

t2=0.2306

-

0.2013 (2.6951)

0.3053 (3.4783)

t2=0.3124
m2=0.4208

-3.6985 (-4.5869)

0.3521 (3.2615)

-0.1605 (-2.9637)

0.2047 (2.7306)

Sublayer

0.2402 (2.5326)

Upper layer

Threshold=2 yuan (t test)

t2=0.3682

-

0.2121 (2.1006)

0.3532 (2.7538)

0.4317 (2.2306)

0.5921 (2.8531)

0.4768 (2.6957)

0.4387 (2.8635)

0.5576 (3.5238)

0.4938 (3.37865)

0.7238 (3.5298)

t2=0.2215
m2=0.4508

-2.8692 (-3.9682)

0.2716 (2.1781)

-0.1296 (-2.8763)

0.1891 (2.1358)

Upper layer

0.6873 (2.5569)

0.4736 (3.5867)

-2.5738 (-3.9657) -2.7963(-2.9982)

0.2195 (2.2532)

Sublayer

Threshold=3 yuan (t test)

t2=0.2202

-

0.1925 (1.9703)

0.2237 (2.7538)

0.3379 (3.5632)

-

-

t2=0.1938

Under junior
high school

Parking charge

Statistical
indicators

t2=0.1836
m2=0.4758

-

-

-0.1937 (-2.5573)

t2=0.2273

-

0.2301 (2.2653)

0.2958 (3.3762)

t2=0.2139
m2=0.4320

-2.0836 (-3.2114)

0.2532 (2.6528)

-0.1832 (-3.2278)

t2=0.3431

-

0.1569 (2.1683)

0.3883 (2.9686)

t2=0.3389
m2=0.4001

-3.0967 (-4.5899)

0.2811 (2.7356)

-0.1827 (-3.0628)

t2=0.2173

-

0.1322 (2.0782)

0.2938 (2.8896)

t2=0.2231
m2=0.4209

-2.2376 (-3.8534)

0.2215 (2.1832)

-0.1432 (-2.9968)

-0.3857 (-2.5874) -0.4231 (-2.8752) -0.4367 (-2.8573) -0.5537 (-2.9637) -0.8216 (-3.5834) -0.9837 (-4.5839) -0.3279 (-2.5738) -0.6279 (-3.0628)

0.3052 (2.7538)

Age 18-30

Car ownership

Gender

Monthly income -1.7538 (-3.7528) -1.9253(-3.5786) -2.0835 (-3.8675) -2.2869(-3.7834) -2.9836 (-3.8692) -3.3786(-4.5238)

Constant

Sublayer

Traditional model (parking charge=0)
(t test)

Table 4 – Comparison of the calibration results out of 6 km

0.3517 (2.5835)

Attribute

0.4534 (2.1569)

-0.3203 (-2.1452) -0.3938 (-2.2536) -0.4706 (-2.3521) -0.5308 (-2.8523) -0.7636 (-2.8512) -0.9635 (-3.3819) -0.3419 (-2.5103) -0.5106 (-2.9532)

0.2836 (2.4231)

Age 18-30

Car ownership

Gender

Monthly income -1.4358 (-3.5628) -1.5769(-3.2635) -1.9686 (-2.8453) -1.8865(-2.9867) -2.2856 (-3.9635) -2.6758(-3.5627) -2.0134 (-2.8672) -1.9852(-2.3789)

Constant

Attribute

Traditional model (parking charge=0)
(t test)

Table 3 – Comparison of the calibration results from 3 km to 6 km
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