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Reasonable parking charge and supply policy are essential for the regular operation of the traffic in city center. This paper develops
an evaluation model for parking policies using system dynamics. A quantitative study is conducted to examine the effects of parking
charge and supply policy on traffic speed. The model, which is composed of three interrelated subsystems, first summarizes the travel
cost of each travel mode and then calibrates the travel choice model through the travel mode subsystem. Finally, the subsystem that
evaluates the state of traffic forecasts future car speed based on bureau of public roads (BPR) function and generates new travel
cost until the entire model reaches a steady state. The accuracy of the model is verified in Hangzhou Wulin business district. The
related error of predicted speed is only 2.2%. The results indicate that the regular pattern of traffic speed and parking charge can
be illustrated using the proposed model based on system dynamics, and the model infers that reducing the parking supply in core
area will increase its congestion level and, under certain parking supply conditions, there exists an interval of possible pricing at
which the service reaches a level that is fairly stable.

1. Introduction
Parking policy is a direct and effective approach in traffic
demand management [1]. It affects parking demand and
travel state and helps ease parking difficulty and traffic in the
central area of a city. However, predicting the actual benefits
of the implementation of this policy is challenging. Thus, we
should determine whether the new parking policy is more
appropriate and effective than the currently implemented
policy. Therefore, this study aims to analyze the influence of
parking charge and supply policy on travel mode choice and
road network state and to establish the relationship among
parking policy, travel mode choice, and road network state.
Parking policy is implemented in two mechanisms: by
changing the level or structure of parking charges and
by altering the supply of parking spaces [2]. Reasonable
parking charge and supply help alleviate parking and driving
difficulties in the city center. The structure of urban traffic
is a consequence of the cost of the different travel choices.
Strict parking policy with high charge and low supply can

reduce the volume of cars in the central area on one hand, but
the parking search time will be prolonged for its low parking
supply. This condition results in partial traffic congestion and
entails high charges. On the contrary, flexible policy with low
charge and high supply can increase the volume of cars that
enter the central area and may also increase traffic congestion.
Parking policy has been extensively investigated in terms
of its influence on various aspects and numerous advantages.
The effects of parking policy not only on parking demand
but also on the whole traffic system have also been widely
explored.
Parking charge and supply policy are considered as
two essential factors that affect parking behavior. Different
parking policies, trip structure, public transit, traffic facilities,
and other factors can influence parking demand distribution
[2, 3]. As the two main forms of parking policy, parking
charge and supply policy significantly affect parking choice
[4–6].
The effects of parking charge and supply policy on traffic
congestion have also been evaluated. Parking charge and
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supply are considered the second most effective tool to alleviate traffic congestion, and they are easier to be carried out
compared with congestion charging [7, 8]. Arnott and Rowse
[9] and Cutter and Franco [10], respectively, established
the relationship model of parking and traffic congestion.
Cruising time is also crucial when parking management and
traffic condition are optimized on the basis of parking policy
[11, 12] because cruising time is a relevant factor of traffic
congestion [13]. These models reveal the relationship between
parking policy and traffic congestion in different aspects, but
road network state should be further evaluated on the basis
of parking policy.
Traditional four-stage modes or dynamic microsimulation models are costly and unsuitable for this study because
parking policy implementation is a complicated process.
Conversely, system dynamics [14, 15] is an approach to
understand the nonlinear behavior of complex systems, and
it is employed in public and private sectors for policy
analysis and design. With its special advantages, a model with
system dynamics is established to determine the complexity
of parking policy and accept its dynamic characteristics.
Bernardino and Hoofd [16] developed a model by applying
system dynamics to assess the effectiveness of parking policy
in predicting traffic congestion and speed, but this model
has failed to quantify travel cost. The types of policies are
mainly associated with parking price, whereas parking supply
is rarely considered. Therefore, the present study explores
the actual state of traffic in terms of the effects of parking
charge and supply by using a discrete choice model. Our
results will provide a scientific basis for traffic management.
Different parking policies directly influence travel cost,
which possibly affects the choice of travel mode and travel
structure. Also, travel mode choice contributes to the condition of road network state, which also influences travel cost
accordingly. Therefore, travel cost is related to travel mode
choice and road network state. This study aims to evaluate the
influence of parking policy on road network by identifying
the relationship among the three factors.
Travel cost is a decisive factor of trip decision and directly
influences the choice of travel behavior. Since the 1970s, travel
costs have been quantified in monetary terms [17]. On a
microperspective, studies on travel cost aim to evaluate the
traveler’s choice of travel mode. Travel time and travel cost
are considered, and travel cost is calculated by using travel
time values based on random utility theory in a travel mode
choice model [18]. In addition to studies on the travel cost of
one trip, research on travel cost quantification based on a trip
chain has been performed [19].
Since the early 1960s, factors influencing the changes
in modes [2], especially between car and public transport
modes, have been investigated. The main models include
discriminant model [20], probit model [21], and logit model
[5, 22]. The effects of policy or other factors on the choice of
travel behavior have also been analyzed on the basis of a logit
model.
Travel mode directly affects the traffic flow on a road
network and the state of the road network [23]. Changes in
the travel mode choice can effectively alleviate regional traffic,
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and parking policy is an effective method to alter the travel
mode choice [24].
Therefore, this paper proposes a method to estimate the
travel mode choice based on travel cost as influenced by
parking policy. The travel cost of various travel modes is
selected as basic variables, and travel mode choice is subjected
to multivariate logit model analysis. A prediction method
is also established to estimate the average speed of road
network based on the current network speed, which greatly
minimizes the difficulty in investigating the condition of
network model calibration and evaluation. The proposed
method can determine the dynamic travel cost, identify the
travel choice for network speed prediction, and provide a
scientific basis for parking demand management.
The major contributions of this study are described as
follows:
(1) An evaluation model of the combined effects of
parking charge and supply policy is proposed. The
model contains three subsystems to calculate travel
cost, make a travel choice based on travel mode, and
evaluate the traffic state under parking policy.
(2) The travel cost of each travel mode is chosen as the
basic variable because travel cost is the basis for travel
choice analysis, and the essential difference among
various carriers is travel cost that includes direct and
indirect costs.
(3) This paper presents a method to predict the future
road network speed after the new parking policy is
implemented on the basis of the current traffic state.
The model can continuously determine dynamic variables, such as travel cost and travel mode distribution,
to predict road network speed, which provides a
scientific basis for parking demand management.
This paper is organized as follows. Section 2 describes the
structure of the three subsystems in the evaluation model in
detail. Section 3 verifies and discusses the effectiveness of the
proposed method based on future parking policy simulation.
Section 4 presents the conclusions.

2. Model Development
2.1. Parking Charge and Supply Policy Evaluation Model. This
model aims to study the state of traffic under the influence of
parking charge and supply policy in a certain district. Usually,
alleviating traffic congestion in the city center, especially in
the center business district (CBD), is the purpose of related
policies. So, the center business district is chosen as the study
area.
The effects on the traffic of the parking policy are
complicated process, and the affected objects are potential
parking lot users. The four-stage model is not suitable to
analyze the effects of policy on the traffic system. But system
dynamics make it possible to understand the complicated
process. For its special advantages, a model using system
dynamics that can capture the complexity of parking policy
while accepting its dynamic characteristics is built in this
paper.
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Figure 1: Evaluation model of the combined effects of parking
charge and supply policy.

For the convenience of research, several assumptions are
made in the evaluation model as follows:
(1) The total travel demand in the study area is fixed, but
the choice of travel modes is flexible.
(2) There is no bus lane or rail transit in the study area;
public transportation only contains bus transit.
(3) The travel speeds of cars and buses interact with each
other and are treated as the same.
The model is composed of three subsystems, namely, subsystem for estimation of travel cost, subsystem for choice of
travel mode, and subsystem for evaluation of traffic state.
The structural diagram of evaluation model is shown in
Figure 1.
The variables of the model, like the traffic speed, parking
supply ratio, time value, and others, are chosen as the average
value. According to the structural diagram of evaluation
model in Figure 1, the variables in the model can be classified
into input variables, flow variables, and output variables. The
input variables include three parts. Firstly, parking policy
variables such as parking charge and parking supply are necessary to evaluate the effects of parking policy. Secondly, three
travel modes, which are car, bus, and taxi, are considered in
the travel mode choice subsystem according to Figure 1. And

to estimate the travel cost, fuel price, taxi fee, average time
value, and some other variables connected to the cost need
to be considered. Lastly, to evaluate the travel state, traffic
characteristic variables such as free-flow speed and initial bus
speed should be taken into consideration. The flow variables
of the model include the travel cost of different travel modes,
car’s travel time, and congestion level. The output variable
that measures the service level of traffic is the travel speed of
cars.
A typical trip can be classified into two types, namely,
commuting trip (going to work, school, or home) and extra
trip (going to shops, entertainment centers, or restaurants).
The parking place for a commuting trip is usually the parking
lot annexed to the companies or villages. The parking fee for
this kind of trip is free or paid monthly and is not significantly
affected by policies. Therefore, the presented model focuses
on extra parking behavior.
2.2. Subsystems of the Model
2.2.1. Subsystem for Estimation of Travel Cost. Travel cost is
the basis of analysis in making travel choices. The subsystem
for estimating travel cost aims to turn the indirect cost of each
travel mode into money. This subsystem combines the travel
cost of each travel mode with direct cost.
The fee for traffic instruments is only trip consumption
that can be directly felt by travelers. The subsystem for
estimating travel cost can provide a quantitative index that
enables travelers to evaluate the quality of travel mode.
Direct cost is the direct money expenses on one trip,
including the fee for traffic instrument, parking fee, and oil
consumption. Indirect cost includes time cost, comfort cost,
and time reliability cost. Time cost means the maximum
return that a traveler can obtain from the time lost on one
trip. Time reliability cost is the cost of time reserved by
travelers because they cannot predict an accurate travel time
on one trip. Comfort cost includes the cover of vehicles, the
degree of congestion, and other factors that have a direct
relationship with the current high vehicle ownership in large
cities.
Residents can choose from several modes of travel, such
as cars, buses, taxis, and subway, but this study does not
calculate all kinds of travel cost in the model. Only four main
types of vehicles are used: cars, taxis, nonmotor vehicles,
and buses. Only cars, taxis, and buses are affected by the
state of traffic. Traffic congestion increases these three travel
choices and raises their travel cost, but it does not affect
nonroad travel choices such as the subway. So, the travel cost
subsystem calculates the travel cost of cars, taxis, and buses
only. The diagram of estimating car travel cost subsystem is
displayed in Figure 2.
In Figure 2, to calculate the car travel cost, several main
parts, including parking cost, parking search time cost, travel
time cost, fuel cost, and car reliability cost, are taken into
consideration. Similarly, when it comes to bus travel cost, bus
travel time cost, bus ticket, walking, and waiting time cost,
bus reliability cost and bus congestion cost are considered.
For taxi travel cost, taxi travel time cost, waiting time cost,
taxi fee, and taxi reliability cost are considered.
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Figure 2: Subsystem for estimating car travel cost.

The main parameters of the subsystem that estimates time
cost are described as follows.
(1) Time Value. According to the World Bank [25], the travel
time value 𝑝V of adults in extra trip is 0.3 times the hourly
wage. Parking search time, walking time, and waiting time
value can be treated as 1.5 times the value of travel time. The
rate of car load is denoted by 𝐶𝑓 , travel time of road 𝑎 at
moment 𝑡 is 𝑡𝑎 , and the standard deviation of travel time is
𝜎. Congestion cost 𝑇cc [26] and reliability cost 𝑇𝑟 [19] are
denoted as
𝑇cc
{
{0
2
={
{∑𝑡𝑎 0.55 (𝐶𝑓 − 0.8) 𝑒−0.74(𝐶𝑓 −0.8) 𝑝V
{𝑎

Bus travel cost

Travel mode
choice model

Car choice ratio

Taxi travel cost

Endogenous variable
Exogenous variable

0 ≤ 𝐶𝑓 ≤ 0.8
𝐶𝑓 > 0.8,

Car travel cost

(1)

𝑇𝑟 = 1.77𝑝V 𝜎.

(2) Fuel Cost. If the car average speed is denoted by V, fuel
price is 𝑃𝑓 , and total time on one trip is 𝑇; then fuel cost 𝑇𝑓
[27] is
𝑇𝑓
2
{(5.143 − 0.077V + 0.001V ) × 𝑃𝑓 × 𝑇 normal (2)
={
(5.917 − 0.127V + 0.002V2 ) × 𝑃𝑓 × 𝑇 peak.
{

2.2.2. Subsystem for Choice of Travel Mode. The function of
the subsystem for travel mode choice is to calculate the ratio
of car choice to the travel cost of each travel mode in an extra
trip using the logit model.
Logit function is used to predict the travel choice distribution in the model. The logit model does not require
a simulation method. This model is used widely in the
predicting travel mode choice. The research objects of this

Figure 3: Subsystem for the choice of travel mode.

study are car, taxi, bus, and other travel modes. The diagram
of this subsystem is displayed in Figure 3
We take residents who have travel demands in a district
as a collective. The basis for the travel mode choice 𝑖 of each
person in the collective is the maximum mode utility 𝑈𝑖 . The
factors that affect 𝑈𝑖 include parking price and bus service
level. The influencing factors can be divided into travel cost
factor 𝑉𝑖 and random factor 𝜀𝑖 . Utility function 𝑈𝑖 is
𝑈𝑖 = 𝑉𝑖 + 𝜀𝑖 .

(3)

The logit model assumes that random factor 𝜀𝑖 obeys the
Gumbel distribution. Thus, the probability of travel mode
choice 𝑖 is
𝑃𝑖 =

𝑒𝑈𝑖
.
∑𝑗∈𝑆 𝑒𝑈𝑗

(4)

The effects of travel costs on travelers are different considering
the developing levels of different cities. Thus, the influence
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Figure 4: Subsystem for evaluating the state of traffic.

coefficient 𝜂𝑖 is the corresponding parameter for travel mode
𝑖, and 𝐶𝑖 represents the total travel cost of travel mode 𝑖. Then,
the travel cost factor 𝑉𝑖 can be denoted as
𝑉𝑖 = 𝜂𝑖 𝐶𝑖 .

(5)

Car choice ratio in an extra trip after the new parking
policy can be calculated according to the current travel mode
distribution and the new parking policy.
2.2.3. Subsystem for Evaluation of Traffic State. The function
of the subsystem for evaluating the state of traffic is to forecast
a car’s travel speed using the car choice ratio. The detailed
process of evaluating traffic state subsystem is shown in
Figure 4.
The main relationships in the subsystem for evaluating
the state of traffic are as follows.
(1) Relationship between Car Choice Ratio and Car Travel
Speed. Data on traffic demand and capacity of the road
network of Hangzhou have no current records, and accurate
values are difficult to obtain. Nevertheless, an existing realtime system can record the average travel speed in the
Hangzhou road network, and the data are more complete. A
series of unchanged data, such as total demand in commute
trip and capacity of road network, can be reduced by comparing the state of traffic. Future car travel time after changes in
charge policy can be predicted by the change in travel choice
ratio and the current travel speed of car. Parking search time
has been seen as an important part when analyzing the traffic
congestion. In the next part, the effects of parking search time
on traffic congestion are discussed and parking search time is
taken into the model. The relationship between travel mode
distribution and travel speed is illustrated in Figure 5.

This study focuses on the evaluation of parking charge
policy for public parking lots. This policy mainly affects extra
trips. The effect of the policy on commuting trips is small.
Thus, only the changes in traffic demand for extra trips are
considered in later calculations. The traffic demand of one
commuting trip is considered constant.
The average speed of the Hangzhou Traffic Congestion
Index System is selected as the measured speed in this article.
Assuming that the current total number of cars in a region is
𝑁, the measured speed is 𝑉, the total length of road network
in the region is 𝐿, and the average flow in a region can be
written as
𝑄=

𝑁×𝑉
.
𝐿

(6)

According to the model for road resistance function (BPR
function) of the American Federal Highway Administration,
the relation between traffic flow and average travel time can
be written as
1
𝑄 𝛽
1
=
[1 + 𝛼 ( ) ] ,
𝑉 𝑉0
𝐶

(7)

where 𝑉0 is the free-flow speed, 𝐶 is the actual capacity in
the region, and 𝛼 and 𝛽 are the model parameters. According
to the American Federal Highway Administration, 𝛼 and 𝛽
are the parameters in BPR function and have default values
of 𝛼 = 0.15 and 𝛽 = 4.0. The ratio of the congestion
degree between the current situation and the situation after
the parking charge policy changes in a region can be written
as follows:
𝑉0 /𝑉 − 1
𝑄/𝐶
𝑄
𝑁×𝑉
𝛽
=√
,
=
=
𝑄𝑥 /𝐶 𝑄𝑥
𝑉0 /𝑉𝑥 − 1 𝑁𝑥 × 𝑉𝑥

(8)
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Figure 5: Relation between travel mode distribution and travel speed.

𝛽

𝑁𝑥 (𝑉0 − 𝑉) 𝛽+1
𝑉𝑥
+ 𝑉 × 𝑉𝑥 − 𝑉0 × 𝑉 = 0.
𝑁 𝛽 𝑉𝛽

(9)

So, (9) is a multidegree univariate polynomial equation
about 𝑉𝑥 . If the total number of cars before and after the
charge policy changes, the current travel speed, and a series
parameter are determined, travel speed 𝑉𝑥 after the charge
policy changes can be solved using the Matlab program.
(2) Effect of Parking Search Time on Traffic Congestion. When
parking facilities become saturated, search circuits and cruising flows increase traffic congestion when vehicles search for
parking space on the road. Assuming that parking search time
is 𝑇𝑠 and car travel time on one trip is 𝑇, then the total number
of cars 𝑁𝑠 that have been added to the number of searching
cars on the road is
𝑁𝑠 = 𝑁 (1 +

𝑇𝑠
).
𝑇

(10)

Parking search time and the ratio of parking supply and
demand have an exponential relationship [16] as shown in
Figure 6.

3. Case Analysis
To verify the accuracy of the suggested model and to evaluate
future policy, this article takes Wulin CBD in Hangzhou as
the study area. The area of Wulin CBD is approximately
18.8 km2 and the population is about 0.65 million. The road
networks data are the average in Wulin CBD. Data are
collected from the Hangzhou Bureau of Statistics and parking
survey information. Parking fee data are obtained from the
Hangzhou Price Bureau.

6

Parking search time (min)

where 𝑄𝑥 , 𝑁𝑥 , and 𝑉𝑥 are the traffic flow, total number of cars,
and average travel speed, respectively, under the condition of
changes in parking charges. Measured speed 𝑉𝑥 after changes
in the policy for parking charges can be calculated as
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Figure 6: Relation between parking search time and parking demand and supply ratio.

3.1. Parameter Calibration
(1) Travel Cost of Different Travel Modes. The average wage of
a Hangzhou on-the-job worker in 2014 is 9794.5 $, the hourly
wage is 4.63 $/h, and the corresponding time value is 1.41 $/h.
The travel cost of three types of travel mode is calculated in
Table 1.
V is the average speed in the area (km/h), 𝑇 is the total
time for this travel mode on one trip (h), 𝑃𝑐 is the parking fee
($/h), 𝑇𝑝 is the total parking time on one trip (h), and 𝑇𝑠 is
the parking search time (h). ⌈⌉ is always rounded down to the
nearest whole unit.
(2) Parameters of Travel Mode Choice. According to some
relevant documents from the Hangzhou Price Bureau, parking fee in the core zone was 0.92 $/h before the new parking
policy took effect. After the implementation of new parking
policy, parking fee for the first hour has increased to 1.54 $ and
the follow-up time is 1.95 $/h. According to the data of the
Hangzhou Comprehensive Transportation Research Center,
the average travel distance in Hangzhou is 8.19 km, average
parking time is 2.17 h, average travel speed in the core zone
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Table 1: Travel cost of all types of travel mode.

Travel mode

Travel cost (dollars)
Off-peak: (5.143 − 0.077V + 0.001V2 )1.01𝑇 + 𝑃𝑐 𝑇𝑝 + 1.41𝑇 + 0.25𝑇 + 2.12𝑇𝑠
Peak: (5.917 − 0.127V + 0.002V2 )1.01𝑇 + 𝑃𝑐 𝑇𝑝 + 1.41𝑇 + 0.25𝑇 + 2.12𝑇𝑠
Fuel cost + parking cost + travel time cost + reliability cost + parking search time cost
Off-peak: 0.30 + 1.41𝑇 + 2.12 × (7.3 + 5.9)/60 + 2.12 × 10.4/60 + 0.33𝑇 + 1.01𝑇
Peak: 0.30 + 1.41𝑇 + 2.12 × (7.3 + 5.9)/60 + 2.12 × 10.4/60 + 0.33𝑇 + 0.91𝑇
Bus fare + travel time cost + walking cost + waiting time cost + comfort cost + reliability cost
⌈3.45 + (𝑇 − 0.56)/26⌉ + 1.41𝑇 + 2.12 × 5/60 + 0.25𝑇
Taxi fare + travel time cost + waiting time cost + reliability cost

Car

Bus
Taxi

Table 2: Distribution of extra and commute trips.
Car
26.44%
11.01%

Bus
19.10%
21.53%

Taxi
1.26%
1.05%

before the new policy implementation is 18.83 km/h, parking
demand and supply ratio is 1.05, and extra trip proportion is
20%. The distribution of the different travel mode choices is
shown in Table 2.
In order to investigate the sensitivity to parking charge
increasing of travelers, a questionnaire focused on extra
parking behavior is designed in this study. We used the
investigation method combining RP survey and SP survey
[28]. RP survey mainly contains the traveler’s travel choice,
travel distance, reasons for parking choice, and so forth. And
SP survey investigates the preferences of travelers under the
hypothesis that parking charge increases in different levels.
The survey issued a total of 350 questionnaires; for the
reason that this study focused on extra parking behavior, a
total of 200 valid samples were recovered. Based on the 200
questionnaires obtained from the survey on parking behavior,
10.5% of vehicle drivers choose other ways to travel when the
parking fee increased to 2.31 $/h, and the percentage increases
to 22.5% when the parking fee increased to 3.08 $/h
Through the travel cost estimation subsystem, we can
obtain that the car travel cost is 7.50 $ at peak hours when
the parking fee in the core zone was 0.92 $/h, and it rises to
9.20 $ after the implementation of the new parking policy.
Also, if the parking fee increases to 2.31 $/h, the car travel cost
is 10.51 $.
Using the logit model in the travel mode choice subsystem, we can obtain the following two equations:
exp (7.5𝜂𝑐 )
= 26.44%,
exp (7.5𝜂𝑐 + 𝐶)
exp (10.51𝜂𝑐 ) / exp (10.51𝜂𝑐 + 𝐶)
= 1–10.5%,
exp (9.2𝜂𝑐 ) / exp (9.2𝜂𝑐 + 𝐶)

(11)

where 𝐶 is a constant which represents the travel costs of
other travel modes except cars, such as bus and taxi. By
calculating (11), we can obtain that 𝜂𝑐 = −0.1061 and 𝐶 =
1.2445. So, car travel cost influence coefficient is −0.1061.
Similarly, the coefficient of other travel costs is calculated in
Table 3.

Travel cost influence coefficient
Constant term

Car
−0.1061

Bus
−0.4921
0.8787

Taxi
−0.1133

20

19.5
Travel speed V (Km/h)

Extra trip proportion
Commute trip proportion

Table 3: Coefficient of travel cost of all types of travel mode.

19

18.5

18

17.5

0

0.5

1

1.5
2
2.5
Parking charge Pc ($/h)

3

3.5

Figure 7: Relation between parking charge and travel speed.

3.2. Model Validation. The new parking policy in Hangzhou
was implemented on 25 August 2014. The road network data
before and after the policy implementation can be used to
detect the accuracy of the suggested model. According to
the data from the Hangzhou Comprehensive Transportation
Research Center, the average travel speed in the core zone
before the implementation of the new policy is 18.83 km/h
(based on three consecutive Tuesday mornings peak data
in May 2014). The average speed after the implementation
of the new policy is 19.16 km/h (based on three consecutive
Tuesday mornings peak data in October 2014). To calibrate
the parameters 𝛼 and 𝛽 in the BPR function, the measured
traffic flow data in the study area are used to fit the BPR
function. After function fitting, the parameters 𝛼 and 𝛽 are
chosen as 0.5 and 4.0, respectively.
The current travel speed in the Hangzhou core zone was
used as basic data. The relation between parking charge and
travel speed is simulated in Figure 7.
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Table 4: Simulation of effect of different policies.

Travel speed (km/h)
Parking search time (min)

Current situation

Decreasing supply (−20%)
Charge unchanged

Increasing supply (+20%)
Charge unchanged

Supply unchanged
Increasing charge to
3.07 $/h

19.16
2.66

18.80
3.59

19.54
2.15

20.31
1.99

According to the model, the average travel speed before
the implementation of the new policy is 18.39 km/h. Backstepping was performed and showed a relative error of 2.2%
compared with the actual travel speed.
3.3. Future Parking Policy Simulation and Discussion. Policy
simulation predicts the possible influence of the parking
policy on the road network after the implementation of the
new policy according to the actual situation and development
direction of Hangzhou. According to the current version,
the total number of vehicles in Hangzhou will continue to
increase for a long period in the future. Therefore, parking
policy in the core zone should focus on improving the level
of network service. Increasing the parking supply or lowering
the parking fees increases parking demand, thus increasing
the congestion degree in the core area. On the other hand,
increasing the parking supply will reduce parking search time
on the road. So the effect on the level of network service
remains uncertain.
Parking policy can be divided into three categories:
decreasing supply, increasing supply, and increasing parking
charge. The effects of different policies after the policy implementation are evaluated though travel speed. The simulation
travel speed under several specific policies is shown in
Table 4, and the relationship between parking charge, parking
supply, and travel speed is illustrated in Figure 8.
According to the results of the simulation, we can see the
following from the table and the figure:
(1) Decreasing supply on the basis of current situation
will reduce the number of vehicles in core area, but
the parking problems will be more prominent. Also,
parking search time on the street will be longer which
will increase congestion and the average travel speed
will decline.
(2) Increasing supply on the basis of current situation will
attract more vehicles in core area, but for the reason
of its convenience of parking and less parking search
time, the network average travel speed has a small rise.
However, this policy is difficult to achieve for the land
use restrictions in core zone.
(3) When parking supply continues to increase, the traffic
system travel speed will show a trend of slow decline
after reaching an extreme value. This result is not
difficult to imagine for the attraction of a large
number of vehicles into the core area due to the less
travel cost.
(4) Changes in parking fees allow the emphasis on the
use of pricing which is critical in obtaining the best
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Figure 8: The relation between parking charge, parking supply, and
travel speed.

performance of the traffic system. In this model, the
losses in average travel speed incurred by not applying
a price will reach 16%. A curious outcome is that the
performance achieved is better with very high prices
than with a zero price alternative.
(5) An interesting finding is that, under certain parking
supply conditions, there is an interval of possible
pricing at which the travel speed reaches a level that
is fairly stable. In the traffic system well illustrated
by this model, politicians would rather keep prices
at high levels in order to optimize the city traffic
system service level, but under public acceptability
constraints they would rather keep prices at low levels
of this interval, which may ignore the other possible
targets, such as reducing air pollution or releasing of
public space.

4. Conclusion
With the emergence of new technological possibilities and
political considerations, the present use of parking-based
policy instruments as a response to urban problems of
road congestion has been paid more and more attention.
Because the parking policy is an instrument to manage the
urban road demand, it is necessary to consider the aggregate
traffic flow behavior. However, due to the complexity of the
traffic system, it is difficult to directly estimate the effect of
the implementation of the parking policy. Therefore, it is
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necessary to make use of the method of system dynamics to
simulate and predict the effect of policy implementation.
This paper aims to build a simulation model that can
be used to evaluate the effects of different parking policies.
This article verifies the model using the basic data of a road
network before and after implementation of parking policy
in Hangzhou. This study simulates the effects of different
parking policies on the simulation results obtained with
different objectives. The maximum average speed can be
obtained with a price for parking. Decreasing supply on the
basis of current situation will increase the parking search
time, which will cause traffic congestion. And increasing
parking supply will produce limited benefits.
This study focuses on the average travel speed in a
certain area and does not forecast some parameters of a
specific road. The case of application parameterized and
successfully calibrated the model with available local data,
but the efficiency of parking supply policy has not been
confirmed by the actual data, and the parameters affecting the
parking search time should be more specific in future studies.
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