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Abstract 
In order to further deepen the reform of supply-side structure, promote logistics to 
reduce costs and increase efficiency, and establish a standardized, scientific and 
reasonable differential charging model according to law, this paper studies the 
realization form of differentiated charges and the determination of premium rates. the 
current measures of differentiation pilot are analyzed, and the impact of differential 
charges is evaluated. The differential toll of expressway improves the level of 
expressway traffic service and promotes the healthy and sustainable development of 
expressway traffic. 
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1. Introduction 

In order to implement the "opinions of the CPC Central Committee and the State Council on 
promoting the Reform of the Price Mechanism", the "opinions of the National Development and 
Reform Commission on comprehensively deepening the Reform of the Price Mechanism" and "the 
guiding opinions of the General Office of the Ministry of Transport on expanding the pilot work of 
differentiated Expressway Toll", we should further improve the traffic efficiency and service level of 
expressways and deepen the reform of "management and service". In order to stimulate the vitality 
of logistics operators, enhance the comprehensive service capacity of logistics, and promote logistics 
to reduce costs and increase efficiency, the implementation of highway differential toll policy is 
imperative. Article 15 of the revised regulations stipulates that toll roads may charge differential tolls 
according to factors such as vehicle type, road section, traffic period, mode of payment, level of road 
conditions, service quality, traffic flow and so on. Differential charging is the refinement of the fees 
paid by passers-by. It should be said that the above provisions basically define the policy 
implementation space of differentiated charges, but its objectives and functions are not clear. 

2. The Realization form of Differentiated Charging 

The main ways to realize the differential toll are differential toll by period, differential toll by section, 
differential toll by vehicle type, weight toll, differential toll based on vehicle emission level and so 
on. 

2.1 Section Headings 

Different charging standards are adopted in different periods of time, such as higher charging 
standards in peak hours and lower charging standards in low peak hours, so that part of the traffic 
volume in the original peak period can be diverted to the low peak period through economic and 
management means, so that the distribution of traffic volume is relatively reasonable.  

After Pigou (1920) [1] and Knight (1924) [2] first put forward the idea of traffic congestion charging, 
many studies have shown that congestion charging can produce certain economic and social benefits 
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without affecting the interests of travelers, which can not only alleviate road traffic congestion, but 
also use congestion charging as a new financial source to support traffic infrastructure construction. 

2.2 Differential Tolls by Road Section 

After the formation of the highway network, there is a contradiction between the new and old lines.  

Due to the advantages of the old road in the construction cost and toll period, there will be high profits 
on the old road and long-term losses on the new road, which is not conducive to attracting social 
capital to invest in the construction of expressways. In addition, after the old road toll expires, the 
maintenance cost still needs to be low, so it is difficult to control the traffic volume of new and old 
lines (especially parallel lines) due to the difference in rate standards, that is, the new line rate standard 
is high, the traffic volume is low, and the old line rate standard is low, and the traffic volume is 
saturated (or even overloaded). Obviously, the current profit model can no longer adapt to this new 
situation. Therefore, it is necessary to consider the differential toll of road sections to adjust the traffic 
volume [3].  

The differential toll of different road sections is to select the expressways which are quite different 
from the adjacent parallel sections (towards the same expressways or ordinary highways), adjust the 
toll policies of different sections and different models, and balance the traffic volume of the road 
network. improve the overall operation efficiency and safety level of the road network. 

2.3 Weight Charge 

For a long time, vehicle tolls have been collected according to the classification of vehicle types.  

Practice has proved that this charging method has a variety of disadvantages: first, trucks generally 
have large tons and small bids in order to evade national fees; second, because the charging method 
is not directly related to the actual weight of vehicles, it objectively forms the economic benefit drive 
of overloading of transport vehicles "the more they exceed, the more they earn". Third, the ladder 
model classification charge, which makes the number of trucks 1.99 tons and other local areas too 
concentrated, resulting in unreasonable structure of freight vehicles; fourth, can not really reflect the 
degree of occupation and use of vehicles on the road [4]. 

With the help of the dynamic weighing system, the weighing toll is a way of collecting highway tolls, 
which determines the toll standard and the total cost according to the charging quality. According to 
the different weight objects, the weight charging method can be divided into two kinds: one is based 
on the total quality of goods, and the other is based on the actual quality of the goods carried by 
vehicles. Because the current dynamic weighing system can not provide the preparation quality data 
of various vehicles, the actual loading quality needs to be determined by manually inputting the 
corresponding vehicle preparation quality or setting the relevant vehicle preparation quality mean 
(maximum) parameters in advance. This not only requires higher professional quality of toll 
collectors, but also has greater hidden dangers of charging disputes and low charging efficiency. 
Therefore, the first charging method is mainly adopted in various localities [5]. 

2.4 Differentiated Charges based on Vehicle Emission Levels 

Automobile exhaust emissions on expressways cause environmental pollution and endanger human 
health and ecological balance. The basis for the formulation of differential traffic rates based on 
vehicle emission levels is that vehicles driving on highways emit pollutants and greenhouse gases, 
which have a negative external impact on the environment [6]. If the tax funds are directly used to 
solve the emission problem on the highway, it is unfair to the individuals who do not use the highway, 
so through the differential tolls based on their emission levels, the external effects will be internalized. 

3. Determination of Differentiated Charging Rates 

3.1 Differentiated Charging by Time Period 

Toll is an important part of freight transportation cost, so the change of highway toll standard has an 
important impact on the travel choice of truck travelers. Using time-by-period differential charges, 
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due to the regulatory role of economic leverage, travelers with low charging standards will still travel 
as planned, and travelers with high charging standards will re-choose travel time according to the 
adjustment of charging standards and the nature of goods, so as to maximize the effectiveness of 
personal travel. 

Ren Yingwei, Lu Jian and others [7] proposed to establish a binomial logit selection model, which 
holds that travelers in periods with high fees have two options for travel time choice: change travel 
time, do not change travel time. 

 

 

n
nn

n
n

nn

n
n

P
VV

V
P

VV

V
P

1
21

2
2

21

1
1

1
)exp()exp(

)exp(

)exp()exp(

)exp(









                           (1) 

 

In the form: 

𝑃 : Probability of changing travel time for type n truck travelers; 

𝑃 : The probability that type n truck travelers do not change the travel time; 

𝑉 : The utility of type n truck travelers changing travel time; 

𝑉 : The utility of type n truck travelers without changing the travel time. 
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In the form: 

𝑥 : Toll rates for category n truck travelers during off-peak hours; 

𝑥 : The toll rate of category n truck travelers during peak hours; 

F: Whether the goods are urgent, if so, take 0; otherwise, take 1; 

𝜔 : Whether the weight of the goods is less than 10 tons, the value is 1, otherwise it is 0; 

𝜔 : Whether the weight of the car is between 10 and 40 tons, the value is 1, otherwise it is 0; 

𝜔 : Whether the weight of the car is more than 40 tons, the value is 1, otherwise it is 0; 

𝜃: A constant term. 

Calibrate the relevant parameters of the utility function according to the reference [7], 𝜃 = -13.99, 
𝜃 =1.14, 𝜃 = -0.97, 𝜃 = -0.91, 𝜃 = -1.01, 𝜃= -2.88. 

When the goods are emergency goods, the utility function is: 
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When the goods are non-urgent, the utility function is: 
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3.2 Differential Tolls by Road Section 

Yao Enjian et al. [8] constructed the NL (Nested Logit) model of highway route selection of trucks, 
and tested and evaluated the results of the model. Then take the highway network of Shandong 
Province as an example to analyze the impact of different toll rates on the route choice behavior of 
trucks in congested sections of expressways. The results show that due to the influence of the 
increasing rate, the number of trucks allocated to congested roads continues to decrease, resulting in 
a continuous decrease in the number of vehicle equivalents on congested roads; when the toll rate is 
increased from 0.4 yuan / km to 0.8 yuan / km, the proportion of road sections with load greater than 
1.2 is reduced from 23% to 20%, and the proportion of road sections with load greater than 0.8 is 
reduced from 38% to 35%. When the toll rate increases to 1.40 yuan / km, the proportion of road 
sections with load greater than 1.2 will be reduced from 23% to 10%, and the proportion of road 
sections with load greater than 0.8 will be reduced from 38% to 30%. 

Therefore, in the congested road section, increasing the toll rate only for truck models can reduce the 
road load and reduce the mixing proportion of truck models in high-load sections, so as to improve 
the road capacity and alleviate the traffic pressure on the highway. 

3.3 Determination of the Rate of Weight-based Charges 

Liu Yonghua et al. [9] improved the shortcomings of the current weight charging scheme and 
calculation model in Yunnan Province. 

(1) Improvement of the weight charging model of legal transport vehicles loaded normally. 

It is proposed that the preferential range of normal loading rate is expanded to (10 ~ 40) t, and a more 
scientific and accurate improved model of weight charge is calculated by using the area principle, as 
shown in fig.1 [9] and formula (5) ~ (6). 

 

 

Fig. 1 The amount of charge indicated by the normal loading shadow area 
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In the form: 

𝑁1 , 𝑁2 , 𝑁3 : The weight charge for the corresponding shadow area respectively; 

𝑁1, 𝑁2, 𝑁3 Respectively, the corresponding weight charge (yuan) when G10, 10G < 40,G > 
40, that is, 10t and below, the rate is calculated according to the basic rate, and the rate is linearly 
reduced to 50% of the basic rate. The part exceeding 40t is calculated and charged according to 50% 
of the base rate; the linear L equation is: 
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(2)Improvement of the model of weighing and charging for overloaded transport vehicles,as shown 
in fig.2 [9]. 

 

 

Fig. 2 The amount of charge indicated by the normal loading shadow area 
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In the form: 

𝑁4 ,𝑁5 ,𝑁6  The weight charge of the corresponding shadow area is respectively the amount of 
weight charge, and the linear L equation is: 
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3.4 Vehicle Emission Level 

Li Hao, Yu Mingyuan and others [10] draw lessons from the practice of Germany and propose to 
increase or reduce air pollution charges on the basis of the original highway tolls. According to the 
standards of vehicle emissions, vehicles are divided into six categories according to emission levels, 
and different air pollution rates and infrastructure rates are implemented for all kinds of vehicles. 
Combined with the experience of Germany and the motor vehicle exhaust emission standards 
currently being implemented in China, vehicles are divided into six categories [11-12] according to 
the met emission standards. Floating rates are adopted, and the rate standards change with the passage 
of time. It is suggested that at the initial stage of implementation, different degrees of toll concessions 
should be given to vehicles that meet national V and national VI emission standards, such as 5% toll 
discount for vehicles that meet national V emission standards and 15% toll discount for vehicles that 
meet national VI emission standards. With the implementation of the national V emission standard in 
a large area of the country, the vehicle toll concessions that meet the national V emission standards 
are gradually reduced until there is no discount. At the initial stage of implementation, there will be 
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no additional air pollution charges and no preferential tolls for vehicles that meet the national IV 
emission standards. For vehicles that meet the national III emission standards, an air pollution charge 
shall be charged at a toll rate of 5%. Vehicles that meet the national emission standards of II and 
below will be charged with an air pollution charge of 15%. In addition, considering that the current 
emission standards implemented in various parts of our country are not consistent, various localities 
can also determine the rate range and time period according to the implementation plan of local motor 
vehicle emission standards, and promote them gradually in stages. 

4. Operation and Management of Differentiated Charging 

4.1 The Effect of Differentiated Charging by Time Period 

Henan Province is the first province in China to implement the differential toll collection of 
expressways in different periods. The policy is aimed at trucks at expressway toll stations leaving 
Henan Province. From 22:00 on the same day to 6: 00 the next day, expressway roads and bridges 
will enjoy a 10% discount on tolls and a 10% discount for ETC trucks in Henan Province. One year 
after the policy was implemented on August 1, 2017, the overall utilization rate of road resources in 
Henan Province increased by about 3.56%, and the total flow of trucks on highways increased by 
15.08% compared with the same period last year [13]. The truck gradually shows the trend of 
transferring from the ordinary highway to the highway and from day to night. 

4.2 The Effect of Differentiated Charging by Road Section 

Combined with the actual situation of the province and the situation of the road network, Zhejiang 
Province has formulated a pilot scheme in accordance with local conditions, and adopted the form of 
government purchase services to charge differential tolls for expressways around the city, focusing 
on relieving urban congestion. According to statistics, from September 2017 to March 2018, a total 
of 4.75 million Zhejiang B vehicles enjoyed preferential treatment on the Ningbo highway around 
the city, accounting for 27% of the total flow, with a total preferential amount of 47.375 million yuan 
[14]. According to the 2017 Traffic Analysis report of China's Major cities, the ranking of urban 
congestion in Ningbo dropped from 44th in 2016 to 68th in 2017. Through the reduction of fees to 
attract local vehicles to travel on the highway is effective, effectively diverting the traffic pressure in 
the urban area. 

4.3 The Results of Combined Differentiated Charging 

The differential toll policy of expressways in Shanxi Province implements differential tolls for trucks 
with "sub-regions, sub-sections, sub-models, different payment methods and different mileage" to 
enhance the preferential treatment of passenger buses, with a maximum discount rate of 70%. In the 
road sections with obvious characteristics of empty and heavy truck transport flow, great differences 
and relatively high bridges and tunnels, we will optimize and implement differential toll preferential 
policies such as road sections, periods and driving directions, so as to balance the truck passage cost 
on some road sections, to ensure that the overall burden of truck tolls will not be increased. At the 
same time, we will implement the preferential payment of passenger shuttle bus and the preferential 
policy of ETC vehicles. As of April 2018, a new round of differential charging policy has been 
implemented for seven months, with a total of 7.91 million trucks enjoying preferential treatment, 
with a cumulative discount of 380 million yuan, an average bicycle discount of 48 yuan, with an 
average preferential range of 6.06% [15], reducing the logistics cost of road transportation and 
achieving the goal of promoting the logistics industry to reduce costs and increase efficiency. 

4.4 The Results of Weight-based Charging 

On the basis of summarizing the weight charging work of Jiangsu, Shandong, Anhui and other 
provinces and cities, the Ministry of Communications issued a circular on the pilot implementation 
of weight charging on toll roads in October 2005. After the issuance of the "guiding opinions" of the 
Ministry of Communications, the weight charging work in China has entered a new stage. so far, the 
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weight charging work has been carried out in Yunnan, Hubei, Sichuan, Jiangxi, Hunan and other 
provinces and cities. remarkable results have been achieved in the phenomenon of overloading. 

Judging from the feedback information, weight toll has played a positive role in controlling out-of-
gauge transportation, reducing traffic accidents and protecting highway property, and has been 
supported by highway toll management departments and most law-abiding users of highway. and also 
accumulated some experience and results. 

Take Yunnan Province as an example, since the implementation of weight charging in 2005, the 
social response has been good, which has won the support and understanding of the majority of 
drivers and drivers, effectively cracked down on out-of-gauge transport vehicles and standardized the 
transport market. According to relevant data, since the implementation of weight charging in Yunnan 
Province, preliminary results have been achieved [16]. First, malicious out-of-gauge transport 
vehicles have dropped significantly. The 2009 weight toll data of Kunan, Yuyuan, Yuanmo and other 
expressways show that the number of vehicles exceeding the limit of more than 30% has dropped 
from 45% to 13%; the number of vehicles exceeding 100% has dropped from 2% to 1%; and the 
number of vehicles loaded normally and within 30% of the limit has increased from 55% to 87%. 
Second, it fills the loopholes in the charging policy and charging management. After the 
implementation of weight charging, it not only changed the previous charging method according to 
the approved tonnage of vehicles and vehicles and the same standard of charges for empty vehicles, 
heavy vehicles and overloaded vehicles, but also reasonably reflected the fundamental solution to the 
charging policy of "large tons and small bids". So that malicious out-of-limit vehicles have no time 
to drill, so that most legitimate owners can get real benefits. And it greatly reduces the contradiction 
in the charging work, strictly distinguishes the truck pulling more and less, no-load and real load, and 
better solves the contradiction between toll personnel and passing drivers in judging and identifying 
vehicle models. Third, it reduces the occurrence of highway traffic accidents and greatly alleviates 
the safety risks caused by out-of-gauge transportation. 

Highway weight toll has achieved remarkable results, but there are still some shortcomings, which 
need to be further improved. In view of this, this paper puts forward the following suggestions on the 
weight charging model in our country: 1) gradually unify the weight charging calculation model.  

At present, the normal loading preferential range, preferential range and out-of-limit loading 
coefficient of weight toll in different provinces of our country are different. It is suggested that the 
calibration of key parameters of expressway weight toll calculation model should be unified step by 
step, which is more conducive to the development of weight toll. 2) develop benchmark rates in 
different regions. The implementation of weight charging is a local behavior of various provinces, 
autonomous regions and municipalities directly under the Central Government, resulting in different 
benchmark rates of weight charges in each province, which will often bring confusion to some drivers, 
resulting in dissatisfaction and adverse effects. In view of the differences in people's living standards 
and price standards among provinces, autonomous regions and municipalities directly under the 
Central Government, it is suggested that benchmark rates should be established according to different 
regions such as the western, central and coastal areas. 

5. Conclusion and Prospects 

Differential charges can reduce the burden of individual vehicles by reducing the charging standards, 
so as to implement the requirements of the central and provincial governments to further deepen the 
supply-side structural reform and promote logistics to reduce costs and increase efficiency. First of 
all, by lowering the toll standards, we can attract vehicles from ordinary highways to use highways 
and improve the capacity of the road network, which can make up for the economic losses of toll road 
management units; secondly, by adjusting the toll standards of relevant highways, guide vehicles to 
pass through the routes desired by the government, so as to implement the provincial government's 
requirements for iron fist to control haze and win the blue sky defense war. Finally, through the pilot 
project, a standardized, scientific and reasonable differential toll model is established, which 
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continuously improves the level of highway traffic service and promotes the healthy and sustainable 
development of highway traffic. 

In order to better promote the differential charging policy to meet the interests of many parties, we 
should focus on the goal of "smart charging", supplemented by the concept of "one center" and "four-
in-one". Build an intelligent operation and management platform with a system bearing center, a data 
interaction center, a video surveillance center and an application expansion center, and create a daily 
operation management system and background data maintenance system for differentiated charges in 
different periods. Invest in the development of intelligent online software, based on the intelligent toll 
operation and management platform, use Internet means, rely on data exchange and application 
expansion, provide toll data exchange for differentiated charges, provide more application scenarios 
and services for ETC users, and enrich the service forms and contents under differentiated charges. 
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