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Abstract 

In the past 15 years, China's high-speed rail construction has developed rapidly and has 
had a significant effect on the factor flow between regions. In this study, we theoretically 
and empirically evaluate this effect. Based on the hypothesis that the income difference 
between cities leads to labor transfer, we use a theoretical model and find that high-
speed rail construction can reduce the cost of commuting between cities and encourages 
people to move to larger cities with higher wages. Then, we choose China's type I large 
cities as research objects to verify this result and illustrate that the opening of high-
speed rail will promote the migration of labor to super large cities with an average 
resident population of more than 4 million. 
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1. Introduction 

As the economy proceeds to grow, the size of cities continues to expand. Upon reaching a 
specific scale, cities are faced with problems such as population explosion, traffic congestion, 
environmental pollution, and the unbalanced distribution of social resources. The government 
needs to take measures to disintegrate the functions of cities and alleviate the crises faced by 
large cities. 

In the last 15 years, China's economy has soared, and the urbanization that the Chinese 
government has been pushing is beginning to have an effect, with an increasing number of 
residents moving from rural areas to cities to settle down. Many cities in China have 
experienced rapid population growth due to the large population base and the widening gap 
between urban and rural economic development. China has the world's highest number of 
super cities (cities with a population of more than 10 million), with 18% of the world's largest 
cities, i.e., those whose population is more than 10 million, 88 cities with a population of more 
than 5 million, and 172 cities with a population of more than 3 million, according to the "World’s 
Cities 2018" UN data booklet. 

Faced with the problems of these megacities, the Chinese government is under enormous 
pressure. To appease the urban population and adjust the population structure, in 2005, China 
started to build high-speed rail. High-speed rail refers to a railway with a high design speed, 
which allows the train to travel safely and at a high speed on the track, with an operation speed 
above 250 km/h. The Chinese government has invested heavily in high-speed rail construction 
and has given powerful policy support. At the 7th World High-Speed Rail Congress held at the 
end of 2010, the State Council of China explicitly announced that high-speed rail would be a 
strategic emerging industry with limited development. Since then, the Chinese government has 
promulgated various industrial policies for the long-term development of high-speed rail. Since 
the launch of its first high-speed rail service in 2003, China's high-speed rail construction has 
developed rapidly. In 2018, China's high-speed rail mileage had reached 29,000 km. China has 
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basically formed a gridded four-by-four high-speed railway network covering the whole 
country and accounting for 60% of the global total. Based on the average investment of 100 
million yuan per kilometer of high-speed rail construction, the total investment has reached 
2.90 billion yuan. 

The development of high-speed rail, which is a high-speed and convenient means of 
transportation, not only promotes the development of China's regional economy but also 
results in a full flow of interregional factors. In 2017, China already had more high-speed rail 
passenger miles than the rest of the world combined, totaling more than 7 billion trips. 
Although the development of high-speed rail can promote the interregional flow of factors such 
as labor and capital, the direction of factor flow is still an open topic for scholars to discuss. Can 
the central population of large cities be recalculated after the opening of high-speed rail? 
Additionally, will the loss of population accelerate when small cities with an insufficient labor 
force join the high-speed railway network, further aggravating the gap between urban and rural 
development? 

To answer these questions, our paper introduces the investment index of high-speed rail based 
on Todaro's urban-rural population flow model, and it proposes a new theoretical model to 
study how the labor force population flows between cities after the opening of high-speed rail 
in cities of different scales. Conducting numerical simulation through the theoretical model, we 
conclude that high-speed rail construction can drive people to larger cities with higher wages 
by reducing the cost of commuting between cities; additionally, the larger the high-speed rail, 
the lower the cost of commuting, and the higher the mobility. On this basis, panel data on 172 
type I large Chinese cities with a permanent resident population over 3 million are used for the 
first time to verify the theoretical model by the metrological method. We study the effect of 
high-speed rail on urban permanent residents before and after the opening of high-speed rail. 
The empirical results show that the opening of high-speed rail has a significant effect on 
changes in the permanent resident population in type I large cities. Controlling for conditions 
such as urban economic development, education and job opportunities, we find that the 
opening of high-speed rail will lead to an influx of people into larger cities with more developed 
economies and higher income levels. This conclusion is consistent with the theoretical model. 

Furthermore, to study how the permanent resident population of cities with different 
population sizes changes after the opening of high-speed rail, we conduct a subsample 
regression based on the population size of cities. The results show that opening high-speed rail 
will prompt the migration of labor to super large cities with an average permanent resident 
population of more than 4 million. For large cities with a population of approximately 3 million, 
the opening of high-speed rail will cause people to move out. This paper further studies which 
economic factors will influence the factor flow after the commencement of high-speed rail. The 
results show that cities with a perfect living infrastructure and more potential employment 
opportunities have a stronger ability to attract labor and that cities with higher housing prices 
have a weaker ability to attract migration. Accordingly, we propose some corresponding policy 
suggestions. 

This paper proceeds as follows. Section 2 presents a literature review. Section 3 details the 
theoretical model and numerical simulation. Section 4 describes the estimation results. Section 
5 presents the experiment, and Section 6 concludes.  

2. Literature review 

In the 1990s, scholars in Europe, the United States and Japan first started to pay attention to 
the changes in factor flow brought by high-speed rail, and other countries and regions have 
turned their attention to this issue as well. As there are many factors that affect population flow 
and distribution, it is difficult to identify the impact of high-speed rail; thus, there are few 
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studies on the population effect of high-speed rail. In view of the population and employment 
effects of high-speed rail, the conclusions of existing research are contradictory: (1) high-speed 
rail leads to the two extremes of population agglomeration and population decreases in central 
cities and small towns; and (2) the opportunity to connect to large cities brought by high-speed 
rail can promote the population growth of the surrounding small towns. 

Because Japan was one of the first countries in the world to have high-speed rail, scholars in 
that country began to explore the relationship between high-speed rail and population mobility: 
a study of Shinkansen areas covered by Tokaido Shinkansen in Japan found that the opening of 
high-speed rail can promote urban population growth along the route [1]. Moreover, the issue 
of Shinkansen causes the population to migrate from small and medium-sized towns to central 
cities is argued by [2]. Sands [3], who studied the Train à Grande Vitesse (TGV) in France, 
confirmed that high-speed rail generates migration rather than simple growth in population 
and employment. A study of the London urban agglomeration railway network found a 
significant increase in the urban population of areas that can be reached within two hours by 
high-speed rail [4]. 

Using railway construction data from 1850 to 1860, the impact of railway transportation on the 
population density and urbanization rate in the Midwest in the United States is empirically 
analyzed by [5]. Their study showed that more than 50% of the growth in urbanization in this 
region during this period was due to the laying of the railway network. The impact of railway 
construction on the population and immigration tendencies in and around the central area of 
Greater Tel Aviv, Israel is analyzed by [6]. Research on Korea high-speed rail pointed out that 
after the completion of the Seoul-Busan high-speed rail, both the center of the population and 
the center of employment in the South Korean capital area moved southwest along the high-
speed rail line; however, the population distribution tended to be concentrated, while 
employment opportunities and economic activities tended to be scattered [7]. Altogether, these 
studies suggest that high-speed rail will lead to an increase in the urban population due to two 
factors: on the one hand, the attraction of central cities to the surrounding areas; on the other 
hand, the opportunities for contact with large cities brought by high-speed rail, which can 
promote the population growth of the surrounding small towns. 

However, not all types of cities grow in scale as a result of transport infrastructure construction. 
To date, some studies suggest that high-speed rail will accelerate the loss of population in small 
cities and move people into large cities ([8], [9], [10]). Meanwhile, the loss of the labor force in 
underdeveloped areas will aggravate the inequality of development opportunities between 
cities [11]. The study of China by [12] found that high-speed rail improved the labor market but 
raised barriers to entry into the job market; thus, not all areas along the high-speed rail line 
saw increased population and employment. 

In the empirical study above, the trend of population and employment mobility in different 
regions is not identical. The reason may be that although high-speed rail may cause population 
and employment mobility in different regions, it is not the only factor affecting population and 
employment; that is, population and employment mobility may also be affected by other factors 
such as the conditions of regional economic development and the preferences of individuals. 

Regarding theoretical models, there are many models for studying population flow. One branch 
is gravity-based research. In the 1940s, proposed a gravity model for predicting population 
migration is proposed by [13]. This model showed that the scale of population migration was 
proportional to the size of the population between two places and was inversely proportional 
to the distance between the two places. 

Subsequent studies were carried out on this basis. First, gravity models were validated using 
various data. For example, using panel data from 16 countries in the Organization for Economic 
Cooperation and Development (OECD) from 1991 to 2000, it is demonstrated that gravity 
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models are a good indicator of the causes of migration across countries [14]. Second, new 
factors were included in gravity models. For example, the impact of economic, political and 
demographic factors on the migration of population to North American countries is tested by 
[15], and found that population size and the income of the area of migration are the two most 
important determinants of population migration. Third, the expression of gravity models was 
improved. For example, in „Nature“, a radiation model with a universal description of 
population flow and the migration pattern is proposed by [16]. 

Another branch is theoretical economic modeling based on labor mobility. In 1954, the dual 
structure model of population mobility is proposed by [17]. He pointed out that after the 
industrialization reforms in developing countries, due to the coexistence of the traditional 
agricultural sector and the manufacturing sector, a large amount of surplus labor with marginal 
productivity began to shift from the countryside to the emerging industrial sector in cities 
without labor. After the urbanization level reached a certain level, the economy changed from 
dualistic to unitary. In 1961, the Ranis-Fei model, proposed by [18], further extended the Lewis 
model and proposed the idea of balanced development of the agricultural and industrial sectors. 
They pointed out that when surplus labor in the agricultural sector is transferred to the 
industrial sector in large quantities, the marginal productivity of labor in the agricultural sector 
begins to gradually increase, affecting the output of the agricultural sector to a certain extent 
and resulting in the stagnation of industrial sector development. 

All of the models above are based on the assumptions of full employment. In the late 1960s, 
many cities in developing countries developed very rapidly, and there was a surplus of labor in 
urban and rural areas. A model of urban-rural population mobility is proposed by [19]. The 
model indicates that the main decision-making basis for the flow of population from the 
countryside to cities is the trade-off between high income and the risk of unemployment in 
cities. Additionally, the model suggests that the rural labor force flowing into cities, usually no 
surplus labor that normally works in the countryside, increases the incentive for people to 
move to cities as the income gap between urban and rural areas widens. 

In addition to income factors, many other factors contribute to population migration. In a study 
of the Great Migration of black people from the southern United States to northern regions, a 
dynamic model of labor mobility is established by [20]. This model makes the migration cost 
endogenous; furthermore, the cost gradually decreases because migrants who moved first can 
facilitate the move for subsequent migrants, reducing the migration cost and the difficulty of 
finding jobs. The study also points out that if the government subsidizes people who migrate 
from poor areas to rich areas, total social output will increase. 

3. Theoretical model and numerical simulation 

3.1. Model setting 

Based on the hypothesis that the income difference between cities leads to labor transfer, this 
paper expands the Todaro migration model by introducing the scale of investment in high-
speed rail and the cost of commuting between cities, and it studies how high-speed rail 
construction affects the cost of commuting between cities and the path and mechanism of labor 
mobility. 

Assume that the number of laborers in cities A and B in period t is 𝐿𝑡
𝐴 and 𝐿𝑡

𝐵 , respectively. The 
number of laborers flowing into city B from city A is 𝑀𝑡

𝐴𝐵 , and the number of laborers 
correspondingly flowing from city B to city A is 𝑀𝑡

𝐵𝐴. Therefore, in period t+1, the number of 
laborers in cities A and B is as follows. 

 𝐿𝑡+1
𝐴 = 𝐿𝑡

𝐴 − 𝑀𝑡
𝐴𝐵 + 𝑀𝑡

𝐵𝐴 (1) 

 𝐿𝑡+1
𝐵 = 𝐿𝑡

𝐵 − 𝑀𝑡
𝐵𝐴 + 𝑀𝑡

𝐴𝐵  (2) 
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Suppose that the average wages of cities A and B are 𝜔𝑡
𝐴  and 𝜔𝑡

𝐵 , which are inversely 
proportional to the amount of the local labor population, which is as follows: 

 𝜔𝑡
𝑖 = 𝛾𝑖(𝐿𝑡

𝑖 ), 𝑖 = 𝐴, 𝐵 (3) 

where γ𝑖  is the function of the average wage of city i (i = A, B) with respect to the amount of the 

working population, satisfying 
∂γ𝑖

𝜕𝐿𝑡
𝑖 < 0. According to the general equilibrium theory, in the short 

term, jobs and labor demand will not change much, and the more labor supply there is, the 
lower the wage level. Therefore, when new labor flows into a city from the countryside, the new 
inflow population will look for new jobs in the city, which will reduce the average wage in the 
short term. 

Based on the Todaro migration model, this paper assumes that the only factor contributing to 
intercity population mobility is income change. Different from the Todaro model, if the labor 
force in city A wants to work in city B, it needs to pay commuting cost 𝐶𝑡

𝐴𝐵 , which includes the 
time cost and ticket cost. After the opening of the high-speed rail, the commuting time will be 
shortened; thus, commuting cost 𝐶𝑡

𝐴𝐵  will be reduced. 

If workers living in city A can obtain higher incomes when they move to city B, they will move, 
and the same holds true for workers in city B and migrating to city A. The income changes from 
city A to city B and from city B to city A are represented by 𝑑𝑡

𝐴𝐵 and 𝑑𝑡
𝐵𝐴, respectively, satisfying 

the following:  

 𝑑𝑡
𝐴𝐵 = 𝑝𝑡

𝐵𝜔𝑡
𝐵 − 𝜔𝑡

𝐴 − 𝐶𝑡
𝐴𝐵  (4) 

 𝑑𝑡
𝐵𝐴 = 𝑝𝑡

𝐴𝜔𝑡
𝐴 − 𝜔𝑡

𝐵 − 𝐶𝑡
𝐴𝐵  (5) 

where 𝑝𝑡
𝑖  is the probability of finding a job in city i (i = A, B). To set the average wage, the 

probability of finding a job in any city in the short term is inversely proportional to the number 
of local laborers: 

 𝑝𝑡
𝑖 = 𝜙𝑖(𝐿𝑡

𝑖 ), 𝑖 = 𝐴, 𝐵 (6) 

where 𝜙𝑖  is a function of the number of laborers in city i, which meets 
∂𝜙𝑖

𝜕𝐿𝑡
𝑖 < 0; that is, the 

greater the labor population in a city, the lower the probability of people finding jobs in the city. 
Strictly speaking, the number of workers has a positive and negative impact on the probability 
of finding a job. On the one hand, the larger the labor population in a city, the larger the scale of 
the city, the more jobs it can provide, and the greater the probability of people finding suitable 
jobs. On the other hand, too much population accumulation will lead to a labor surplus; thus, in 
the case of labor oversupply, the continuous increase in labor supply will reduce the probability 
of every worker finding jobs. To simplify the calculation, this paper assumes that the urban job 
creation rate is exogenous; that is, an increase in population will not increase the number of 
jobs. Under this assumption, an increase in labor supply will have a negative impact only on the 
probability of workers finding jobs. 

Therefore, in period t, everyone in city A and city B will compare their income before and after 
migration to decide whether to migrate or not. The number of people moving from city A to city 
B in period t is 𝑀𝑡

𝐴𝐵 , and the corresponding number of people moving from city B to city A is 
𝑀𝑡

𝐵𝐴: 

 𝑀𝑡
𝐴𝐵 = ∫ 𝑚𝑡

𝐴𝐵
𝐿𝑡

𝐴

0

,  𝑀𝑡
𝐴𝐵 = ∫ 𝑚𝑡

𝐴𝐵
𝐿𝑡

𝐴

0

 (7) 

 where  𝑚𝑡
𝐴𝐵 = {

1, if   𝑑𝑡
𝐴𝐵 > 0

0, if   𝑑𝑡
𝐴𝐵 ≤ 0

, 𝑚𝑡
𝐴𝐵 = {

1, if   𝑑𝑡
𝐴𝐵 > 0

0, if   𝑑𝑡
𝐴𝐵 ≤ 0

 (8) 

The opening of high-speed rail can reduce the cost of commuting between cities, 𝐶𝑡
𝐴𝐵 . Assume 

that the investment in high-speed rail is a one-time investment; that is, after the high-speed rail 
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is opened in city A and city B in period t, the cost of commuting between the two cities in period 
t+1 will decrease. Therefore, commuting cost 𝐶𝑡

𝐴𝐵  meets the following requirements: 

 𝐶𝑡+1
𝐴𝐵 = Ψ(𝑋𝑡

𝐴𝐵) (9) 

where 
∂Ψ

𝜕𝑋𝑡
𝐴𝐵 < 0. 𝑋𝑡

𝐴𝐵  is the scale of high-speed rail, making it equal to the sum of high-speed 

rail investment of city A and city B: 

 𝑋𝑡
𝐴𝐵 = 𝐼𝑡

𝐴 + 𝐼𝑡
𝐵 (10) 

𝐼𝑡
𝐴 and 𝐼𝑡

𝐵 are the scale of investment in high-speed rail of city A and city B, respectively. 

3.2. Numerical simulation 

To simulate the nonlinear model in this paper, we need to assign the initial value to the 
variables in the model and specify the function form. In the theoretical model of this paper, the 
initial values that need to be determined are initial labor quantities 𝐿0

𝐴 and 𝐿0
𝐵 , initial average 

wages 𝜔0
𝐴  and 𝜔0

𝐵 , initial employment probabilities 𝑝0
𝐴 and 𝑝0

𝐵 , the scales of investment in high-
speed railway 𝐼𝑡

𝐴 and 𝐼𝑡
𝐵 , and initial commuting cost 𝐶0

𝐴𝐵 . 

In this paper, the initial value of city A is set based on Chinese cities with a population of more 
than 10 million, and the initial value of city B is set based on Chinese cities with a population of 
4-10 million. 

Therefore, initial labor quantities 𝐿0
𝐴 and 𝐿0

𝐵 are the average values of the two types of urban 
population, and initial average wages 𝜔0

𝐴  and 𝜔0
𝐵  are the average values of the two types of 

urban wages. Initial employment probabilities 𝑝0
𝐴  and 𝑝0

𝐵  are equal to 1 minus the average 
unemployment rate of the two types of cities. The scale of investment in high-speed rail is set 
as 0.2% of GDP, and initial commuting cost 𝐶0

𝐴𝐵  should be high enough to ensure that labor will 
not flow at the beginning; thus, it is set as the average wage of the two cities. The initial values 
of all variables are shown in Table 1. 

 

Table 1. Initial values of each variable in city A and city B 
Variables City A City B 

Initial labor quantity 15.45 million 6.94. million 
Initial average wage RMB 88,570.35 per year RMB 67,121.74 per year 

Initial employment probability 0.99 0.97 
High-speed rail investment RMB 311.10 million RMB 83.26 million 

Initial commuting cost RMB 77,846.05 per year 

 

Since the wages and employment probabilities of city A and city B are inversely proportional to 
the number of local laborers, the cost of commuting between cities is inversely proportional to 
the scale of high-speed rail. Therefore, this paper sets the following: 

 𝜔𝑡
𝑖 = 𝜔0

𝑖 ∗ [1 −
𝐿𝑡

𝑖 −𝐿0
𝑖

𝐿0
𝐴+𝐿0

𝐵], 𝑖 = 𝐴, 𝐵 (11) 

 𝑝𝑡
𝑖 = 𝑝0

𝑖 [1 +
𝐿𝑡

𝑖 −𝐿0
𝑖

4(𝐿0
𝐴+𝐿0

𝐵)
]⁄ , 𝑖 = 𝐴, 𝐵 (12) 

 𝐶𝑡+1
𝐴𝐵 = 𝐶0

𝐴𝐵 − √𝑋𝑡
𝐴𝐵  (13) 

For the sake of simplicity, it is assumed that the initial wages of workers in each city are subject 

to a uniform distribution of 
3𝜔𝑡

𝑖

4
~

5𝜔𝑡
𝑖

4
, and it is assumed that high-speed rail investment at t=100 

reduces the commuting cost. Therefore, the numerical simulation results of the population flow 
between city A and city B are shown in Figure 1. 
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Figure 1. Numerical simulation results of the population flow between city A and city B 

 

Because the initial average wage and initial employment probability of city A are relatively high, 
workers in city B have incentives to work in city A. However, because the difference in expected 
wages between city A and city B cannot compensate for the excessive cost of commuting 
between the two cities, the population of the two places remains unchanged. At the 100th period 
(t=100), cities A and B simultaneously invest in high-speed rail, which reduces the cost of 
commuting by RMB 19,858.49. In this case, some low-income laborers in city B will go to work 
in city A. Figure 1 shows that after the opening of high-speed rail, the population of city A 
increases from 15.45 million to 15.61 million, an increase of 1.03%, and the population of city 
B decreases from 6.94 million to 6.78 million, a decrease of 2.24%. Therefore, high-speed rail 
construction promotes the flow of urban population by reducing the commuting cost, and 
population flows from relatively small cities to relatively large cities. 

To examine the impact of different high-speed rail investment scales on population mobility, 
this paper changes the ratio of high-speed rail investment to GDP from 0.2% to 0.1%, 0.5% and 
1%, simulating how the government‘s increase in high-speed rail investment affects population 
mobility. The simulation results are shown in Figure 2. 

 
Figure 2. Results of the population in city A under different high-speed rail investment scales 
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Inspired by Figure 2, with the increase in the scale of high-speed rail investment and the decline 
in the commuting cost, an increasing number of people in city A flow to city A. Specifically, when 
the ratio of high-speed rail investment to GDP is 0.1%, the commuting cost is reduced by 
14,042.07 RMB per year. However, there is no population mobility between city A and city B, 
and the commuting cost is still too high. When the ratio of high-speed rail investment to GDP is 
0.5%, the commuting cost falls by 31,399.03 RMB per year. At this time, the population of city 
A increases from 15.45 million to 17.09 million, an increase of 10.60%, while the population of 
city B drops from 6.94 million to 5.3 million, a decrease of 23.57%. When the ratio of high-speed 
rail investment to GDP is 1%, the commuting cost drops significantly by 44,404.93 RMB per 
year. The population of city A increases significantly from 15.45 million to 18.84 million, an 
increase of 21.94%. Therefore, the scale of high-speed rail investment has a greater impact on 
the population mobility between city A and city B. The larger the scale of high-speed rail 
investment, the more people will move to city A. 

In summary, the theoretical model and numerical simulation of population mobility in this 
paper show that high-speed rail construction can reduce the cost of commuting between cities, 
which in turn encourages people to move to larger cities with higher wages. Additionally, the 
larger the scale of high-speed rail investment is, the lower the commuting cost, and the higher 
the population flow. 

4. Reduced-form econometric framework 

4.1. Data selection 

To thoroughly verify the above theoretical model, we choose China's large cities as research 
objects, and conducting empirical analysis, we study how high-speed rail affects the population 
flow among large cities. 

Since 2005, the scale of construction of China's high-speed rail has been expanding, and the 
mileage of China’s high-speed rail ranks first in the world. In 2017, with a total of more than 7 
billion people transported, China's high-speed rail mileage exceeded the sum of other countries. 
The opening of high-speed rail has changed urban population migration. 

In 2013, Accenture and the Chinese Academy of Social Sciences published the New Resource 
Economy City Index Report, which pointed out that once the urban population exceeds an 
absolute scale, there will be a series of problems in city operation, especially in large cities with 
a population of more than 3 million. Although economic performance in the metropolis is 
outstanding, environmental quality tends to deteriorate, and various urban diseases begin to 
emerge. 

On November 20, 2014, the State Council of the People’s Republic of China (PRC) issued the 
Notice on the Adjustment of the Standard for the Division of Urban Scale (The Notice pointed 
out that cities with a permanent resident population of more than 1 million and less than 5 
million are large cities, among which those with a population of 3 million to 5 million are type 
I large cities and those with a population of 1 million to 3 million are type II large cities. See 
http://www.gov.cn/zhengce/content/2014-11/20/content_9225.htm), which stipulates that 
cities with a permanent resident population of more than 3 million are type I large cities. To 
study the impact of high-speed rail on population mobility, we select 172 type I large cities in 
China as research objects because the role of high-speed rail in adjusting the structure of the 
labor force in type I large cities is more prominent. 

In China, population flow management adopts the household registration system, that is, the 
Hukou system. Therefore, there are two types of statistical caliper in China's urban population 
statistics, namely, the Hukou registration population and the permanent resident population. 
The former refers to people registered in the local area, while the latter refers to people living 
permanently in the local area. There is a distinct difference between the two statistical methods. 
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In general, people's Hukou is always registered in the city of their birth. However, due to 
economic and other reasons, they move to other cities to live for a long time and become 
permanent residents of other cities. 

Due to the restriction of China's household registration system, the cost of migrating between 
different cities is often remarkably high. Although the opening of high-speed rail can reduce the 
migration cost, compared with the high price of settlement, the reduction in the time and money 
costs incurred by people will become negligible. 

Furthermore, the Chinese government's restrictions on Hukou migration in cities with fewer 
than 3 million people are usually not very strict. In April 2019, China’s National Development 
and Reform Commission issued the Notice of The Key Tasks of New Urbanization Construction, 
which requires type II large cities with a permanent resident population of 1-3 million in urban 
areas to completely eliminate their restrictions on settlement. Therefore, residents who move 
to type II cities or small and medium-sized cities will often settle down in the local area. 
Nevertheless, residents who migrate to type I cities will settle down without Hukou registration. 

In summary, this paper chooses the permanent resident population in type I cities as the 
dependent variable, which can avoid the restriction of the Hukou registration system on the 
population flow. 

4.2. Empirical model 

In this research, a two-way fixed effect model of individuals and time was used to study the 
influence of the opening of high-speed rail, both before and after opening, on the permanent 
residents of 172 type I large cities in China. 

The model takes the urban permanent resident population (𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑡) as the dependent 
variable. The independent variable is the measurement of the high-speed rail dummy variable 
(𝑅𝑎𝑖𝑙𝑡), which takes the value of 1 after the opening of high-speed rail and takes the value of 0 
before the opening of high-speed rail. The model also includes control variables. The model is 
shown in formula (14). 

 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑡 = 𝛽0 + 𝛽1𝑅𝑎𝑖𝑙𝑡 + 𝛽2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡 + 𝜉𝑡  (14) 

In addition to high-speed rail, there are also many factors driving population migration, such as 
the level of economic development, the convenience of life, the abundance of educational 
resources, the convenience of transportation, housing prices, and suitable job opportunities. 
Based on these factors, this paper adopts the corresponding records as control variable, which 
include the proportion of GDP in the tertiary industry (𝐺𝑑𝑝𝑡ℎ𝑖_𝑟𝑎𝑡𝑖𝑜), total GDP (𝐺𝐷𝑃), the 
number of listed companies (𝐹𝑖𝑟𝑚), the number of ordinary middle schools (𝑆𝑐ℎ𝑜𝑜𝑙), the ratio 
of housing prices to income (𝐻𝑝_𝑠𝑎), and the mileage of expressways (𝐻𝑖𝑔ℎ𝑤𝑎𝑦). 

As the final result of productive activity in a certain period, GDP is used in this model to measure 
the level of urban economic development, and the higher the GDP is, the higher the level of 
urban economic development. 

It is generally believed that a more developed service industry and a higher educational level 
are suitable for living. Thus, the urban tertiary industry GDP (𝑔𝑑𝑝𝑡ℎ𝑖) is used to measure the 
development level of living facilities in cities, and the number of secondary schools (𝑆𝑐ℎ𝑜𝑜𝑙) 
represents the level of education. 

We use the number of listed companies (𝐹𝑖𝑟𝑚) owned by a city to measure the difficulty of 
finding a job. The more listed companies there are, the easier it is for residents to find the right 
position. As a measure of the convenience of transportation, the model introduces the mileage 
of expressways (𝐻𝑖𝑔ℎ𝑤𝑎𝑦), i.e., the longer the highway mileage in the city, the more convenient 
the traffic. 

In addition to these factors, another critical factor affecting migration is property prices. If the 
housing prices or rents are too high and the income levels are too low in a given area, the cost 
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of living for the local population will be too high, which will affect the inflow of migrants. 
Permanent residents who have no real estate in this area will also migrate to other areas. 
Therefore, the price-to-income rate (𝐻𝑝_𝑠𝑎) is used to measure the cost of living in large cities. 
This ratio is equal to the average price of urban real estate divided by the average wage of the 
region. 

In this paper, we select panel data on 172 type I large cities in China from 2000 to 2017. The 
time in which high-speed rail opened in each city is collected from the news and railway 
companies in various provinces in China. The highway mileage records are compiled from the 
Ministry of Transport of China. Other data are released by the National Bureau of Statistics of 
China. The statistics for each variable are presented in Table 2. 

 

Table 2. Statistical characteristics of provincial panel data 
Variable Unit Number of obs Mean Std.Dev. Min Max 

Population Ten thousand 3096 584.615 319.863 183.5 3130 
RailT 1/0 3096 0.227 0.419 0 1 

Gdpthi_ratio % 3096 0.382 0.846 0.197 0.806 
gdp Yuan 3096 195.351 283.209 8.03 3013.39 

Firm Number 3096 8.873 23.360 0 308 
School Number 3096 304.531 151.074 56 1607 
Hp_sa % 3096 9.644 4.268 0.531 142.268 

Highway km 3096 11693.38 9629.598 584 142921 

 

4.3. Reduced-form empirical results 

To obtain the same range of data, we take the logarithmic form of the control variables, such as 
GDP, the mileage of expressways, and the number of listed companies and middle schools. 
Based on the regression results of formula (14) and controlling the level of urban economic 
development, including education, employment, etc., the opening of high-speed rail lines will 
prompt residents to flood into large cities. This conclusion is consistent with that of the 
theoretical model. 

The main reason for this phenomenon is that high-speed rail construction reduces the high 
intercity commuting cost, which is caused by the Hukou system. Therefore, residents can move 
from rural areas to large cities for short-term residency without transferring their residence. 

The influence of high-speed rail on population mobility for diverse cities with varying 
population sizes is also different. To study this issues, we perform subsample regression based 
on the scale of the urban permanent resident population. 

Overall, the 172 type I large cities are ranked based on the resident population in 2017 and 
divided into three categories: metropolises, megacities, and towns. Among them, metropolises 
are the cities that rank in the top 5% and whose population exceeds 10 million. Examples 
include first- and second-tier cities such as Beijing, Shanghai, Guangzhou, Shenzhen, Chongqing, 
Tianjin, Wuhan, and Chengdu. The samples ranked in the bottom 5% are town and have a 
population of approximately 3 million. Examples include Suining, Zhenjiang, Tongliao, and 
other third- and fourth-tier cities (See en.wikipedia.org/wiki/Chinese_city_tier_system for the 
city tier system of China). The remaining 90% are megacities, which have a population between 
4 million and 10 million. 

Based on the results, the coefficient of the high-speed rail dummy is significantly positive in the 
metropolis and megacity models, indicating that the opening of high-speed rail stations will 
prompt people to migrate to these cities. For towns, high-speed rail will cause people to move 
out because these small cities with low-quality job opportunities and scarce education 
resources are economically inferior to megacities. High-speed railway reduces the commuting 
cost and leads to an exodus of permanent residents from such cities. 
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Regarding the control variables in the regression, the higher the tertiary industry's share of 
GDP, the more permanent residents a city has, which shows that the service industry has an 
aggregation effect on population. From 2000 to 2017, the share of GDP of China's tertiary sector 
increased from 36% to 45%, having an average of 38%. These data indicate that many cities 
and regions have already completed industrialization and that the service industry has entered 
an accelerated stage of development. The rapid growth of the service industry, a typical labor-
intensive industry, is inseparable from the continuously increasing supply of the workforce. 
Therefore, the high share of the service sector leads to an increase in a region's permanent 
resident population. 

Over the past 15 years, because the contribution to China's GDP has mainly been supported by 
the real estate industry, the prices of real estate in cities have continued to rise. As a result, the 
increasing speed of housing prices has already exceeded that of wages, leading to steady growth 
in the ratio of housing prices to income, especially in developed economies. 

The number of listed companies and middle schools represent employment and education 
opportunities, respectively, which are essential factors for attracting migrants. The regression 
results indicate that greater numbers of listed companies and middle schools induce a higher 
resident population. This phenomenon is in line with the facts. 

Compared with high-speed rail, expressways have a shorter adequate transportation mileage 
and a lower speed. Highway construction cannot reduce the time needed to commute between 
cities that are far apart, but it can reduce the cost of commuting between neighboring towns 
and suburbs. Thus, expressways can facilitate the migration of urban population to the 
surrounding areas, and the permanent resident population of city centers can be dispersed. 

This result is consistent with the results of [21], who suggested that highways will decentralize 
urban populations and manufacturing activity. With the doubling of highway mileage, the 
population density will decrease by 6% to 15%. Table 3 shows the results of the population 
regression and subsample regression. 
 

Table 3. Regression results of double fixed effect models 
Model Type I megalopolis Top 5% Medium sized Bottom 5% 

railt 0.0419*** 0.0709** 0.0363*** -0.0364* 
 (-9.35) (-2.89) (-8.2) (-2.27) 

gdpthi_ratio 0.277*** 0.537* 0.174*** 0.748*** 
 (-6.98) (-2.05) (-4.36) (-4.99) 

gdp 0.117*** 0.0639 0.109*** 0.0473 
 (-10.55) (-1.07 (-9.58) -1.19) 

firm 0.0417*** -0.00428 0.0407*** 0.0934*** 
 (-8.9) (-0.08) (-9.1) -4.66) 

school 0.161*** 0.0573 0.166*** -0.277*** 
 (-15.03) (-1.22) (-15.47) (-3.56) 

hp_sa 0.0328*** -0.0319 0.0330*** -0.0534 
 (-4.69) (-0.59) (-4.89) (-1.57) 

highway -0.0216** -0.220*** 0.0068 -0.032 
 (-3.18) (-4.94) (-1.01) (-0.79) 

N 2518 156 2272 90 

 

4.4. Robustness check 

Previous studies have found that high-speed rail construction helps attract more migrants to 
large cities. However, there may be some endogenous problems: the government's planning of 
high-speed rail lines is inclined to be affected by the urban resident population and the level of 
economic development. A simple response to this problem posed by the reverse effect is that 
the fundamental purpose of high-speed rail is the laying and layout of the overall transportation 
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line of China's national economy, the fact that the construction of high-speed rail stations 
connects large cities with potential development, a large population scale, and an advanced 
economy notwithstanding. 

According to the requirements of the "Thirteenth Five-Year Plan" for the Development of a 
Modern Comprehensive Transportation System promulgated by the State Council of China (See 
http://www.gov.cn/zhengce/content/2017-02/28/content_5171345.htm.), small and 
backward cities along China's railway network must also set up high-speed rail stations to 
construct a gridded ten-by-ten comprehensive transportation corridor that runs across eastern 
and western China. By 2020, high-speed rail will cover more than 80% of cities with a 
permanent resident population of more than 1 million. In this paper, over 70% of the total 
sample of 172 large cities with a population above 3 million have set up high-speed rail stations. 

Nevertheless, we will still try to solve our endogenous problems by introducing instrumental 
variables (IVs). In addition to the dominant population and economic factors, high-speed rail 
construction is also related to other potential determinants, such as national defense and other 
national strategic plans. To eliminate the endogeneity caused by economic factors, first, we 
adopt logit regression and take the control variables as independent variables and the high-
speed rail dummy as the dependent variable. 

 𝑅𝑎𝑖𝑙𝑡 = 𝛼0 + 𝛼1𝑅𝑎𝑖𝑙𝑡 + 𝛼2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡 + 𝑒𝑡 (15) 

Then, the residual 𝑒𝑡 collected from the regression expressed by formula (15) is used as the 
high-speed rail IV, and (16) is obtained. Since variable 𝑒𝑡 contains unknown factors leading to 
the opening of high-speed rail stations, its coefficient 𝛾1 must be significantly different from 0, 
which is confirmed in the regression results in Table 4. 

 𝑅𝑎𝑖𝑙𝑡 = 𝛾0 + 𝛾1𝑒𝑡 + 𝛾2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡 + 𝜇𝑡  (16) 
 

Table 4. Regression results of the first stage of the 2SLS regression 
railt Coef. Std. Err. t P > t [95% CI] 

gdpthi_ratio 1.025314 0.091431 11.21 0.000 0.846019 1.204608 
gdp 0.363427 0.026186 13.88 0.000 0.312077 0.414777 
firm 0.063933 0.010689 5.98 0.000 0.042972 0.084894 

school -0.02913 0.024928 -1.17 0.243 -0.07802 0.01975 
hp_sa -0.0029 0.016155 -0.18 0.857 -0.03458 0.028775 

hosbed -0.19954 0.026074 -7.65 0.000 -0.25067 -0.14841 
highway -0.01603 0.015662 -1.02 0.306 -0.04674 0.01468 

e 0.330765 0.00393 84.16 0.000 0.323057 0.338472 
_cons 0.42029 0.277869 1.51 0.131 -0.12461 0.965186 

sigma_u 0.21644      
sigma_e 0.133713      

rho 0.72377  (fraction of variance due to u_i)  

 

The fitting value of the first-stage regression can be recorded as 𝑅𝑎𝑖𝑙�̂� = 𝛾0̂ + 𝛾1̂𝑒𝑡 + 𝛾2̂𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡, 

whose corresponding residual is 𝜇�̂� = 𝑅𝑎𝑖𝑙𝑡 − 𝑅𝑎𝑖𝑙�̂�. Therefore, the endogenous variable, 𝑅𝑎𝑖𝑙𝑡, 

is divided into two parts, namely, 𝑅𝑎𝑖𝑙𝑡 = 𝑅𝑎𝑖𝑙�̂� + 𝜇�̂� , in which the fitting value of first-stage 

regression, 𝑅𝑎𝑖𝑙�̂�, is a linear function of the IV, 𝑒𝑡, which is regarded as the exogenous part. The 
residual error, 𝜇�̂� , is the endogenous part. In the second-stage regression, the original 

endogenous variable is replaced with the exogenous part, 𝑅𝑎𝑖𝑙�̂�. 

 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑡 = 𝛽0 + 𝛽1𝑅𝑎𝑖𝑙�̂� + 𝛽2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡 + (𝜐𝑡 + 𝛽1𝜇𝑡 )̂ (17) 

The IVs are added, and the regression results indicate that the introduction of high-speed rail 
still has a significant effect on the permanent resident population, and the signs of the variable 
coefficients remain unchanged compared with the original regression, which further verifies 
our conclusion. 
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Table 5. Regression results of the second stage of the 2SLS regression 
Model Type I megalopolis Top 5% Medium sized Bottom 5% 

railt 0.0202*** 0.0647* 0.0197*** -0.0500* 
 (-4.05) (-2.53) (-4.09) (-2.44) 

gdpthi_ratio 0.270*** 0.421 0.178*** 0.791*** 
 (-6.76) (-1.56) (-4.45) (-4.71) 

gdp 0.127*** 0.077 0.116*** 0.0303 
 (-11.17 (-1.28) (-9.77) (-0.69) 

firm 0.0434*** 0.00915 0.0421*** 0.0972*** 
 (-9.22) (-0.18) (-9.34) (-4.71) 

school 0.171*** 0.0989 0.171*** -0.253** 
 (-15.69) (-1.86) (-15.69) (-3.06) 

hp_sa 0.0360*** -0.0499 0.0344*** -0.0567 
 (-5.09) (-0.91) (-5.04) (-1.61) 

hosbed -0.0474*** -0.0932 -0.0244* (-0.00266 
 (-4.13) (-1.61) (-2.07) (-0.08) 

highway -0.0194** -0.198*** 0.00716 -0.0324 
 (-2.83) (-4.28) (-1.06) (-0.76) 

N 2518 156 2272 90 

 

5. Experiment 

To further explore how economic indicators affect urban population mobility after the opening 
of high-speed rail, we construct dummy variables of the control variables. After sorting each 
control variable based on time, the value of the control variables is determined based on the 
median; that is, the dummies take the value of 1 if the value of the corresponding control 
variables is higher than the median and 0 otherwise. Subsequently, the results obtained are 
added as explanatory variables by multiplying the dummies of the control variables by the high-
speed rail dummy. 

At the same time, we also add a control variable for whether a city is a provincial capital to 
determine the influence of political attributes on population mobility. The regression model is 
presented in formula (18). 

 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑡 = 𝛽0 + 𝛽1𝑅𝑎𝑖𝑙𝑡 + 𝛽2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡 + 𝛽3𝑅𝑎𝑖𝑙𝑡 × 𝐷𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑡 + 𝜉𝑡 (18) 

The results show that the coefficients of the dummy variables for the mileage of expressways, 
the number of listed companies, and whether a city is a provincial capital are significantly 
positive; additionally, the coefficient of the dummy variable for the ratio of housing prices to 
income is significantly negative. 

The coefficient of the expressways dummy is positive. After the completion of an urban high-
speed railway station, the excellent expressway network can connect the high-speed railway 
stations in the city center and the surrounding areas so that residents living in suburbs can go 
to work or go to school in the city center. This result shows that the developed transportation 
network has a positive impact on attracting migrants. 

The number of listed companies also has an aggregation effect on population. As the leading 
enterprises in their sector, listed companies can drive the whole industry, promote the 
development of the manufacturing activities in the surrounding region, and provide more high-
quality job opportunities, which is an essential factor for attracting settlers to a city. Therefore, 
the results of the model are consistent with reality. 

The coefficient of the provincial capital dummy is significantly positive, indicating that the 
higher a city's political status, the greater the number of migrants. As the seat of the provincial 
government, the provincial capital city and the surrounding municipalities have more economic 
and political resources than other cities. Thus, provincial capital cities have a faster spend of 
economic development. 
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The coefficient of the ratio of housing prices to income is significantly negative, which indicates 
that excessive housing prices have a dispersion effect on city residents. High living prices will 
increase the burden on people's lives and lower consumer welfare. Hence, when cities with high 
housing prices are linked in the high-speed railway network, the population will be dispersed 
to the surrounding areas. 

In 2008, the opening of the high-speed rail between Beijing and Tianjin shortened the time 
needed to commute between the two cities from two hours to 30 minutes. Due to the increasing 
pressure of housing prices in Beijing, many people who work in Beijing have chosen to relocate 
to Tianjin and commute between the two cities by high-speed rail every day. 

In summary, after a city is connected to the high-speed railway network, to prevent population 
leakage, the government should implement the following measures: increasing investment in 
infrastructure, maintaining the market environment, stabilizing the housing prices within a 
proper range, and attracting more high-quality companies to cities to provide better job 
opportunities and sustain the labor supply. 

 

Table 6. Regression results of the experiment 
Model Highway Listed Company School HPIR Capital 
railt 0.0336*** 0.00815 0.0364*** 0.0589*** 0.0163*** 

 (-6.07) (-1.39) (-6.43) (-11.83) (-3.43) 
gdpthi_ratio 0.271*** 0.252*** 0.278*** 0.253*** 0.210*** 

 (-6.84) (-6.45) (-7.01) (-6.43) (-5.43) 
gdp 0.119*** 0.113*** 0.117*** 0.114*** 0.0915*** 

 (-10.7) (-10.35) (-10.52) (-10.39) (-8.42) 
firm 0.0408*** 0.0297*** 0.0417*** 0.0374*** 0.0467*** 

 (-8.69) (-6.16) (-8.91) (-8.02) (-10.27) 
school 0.157*** 0.156*** 0.160*** 0.156*** 0.158*** 

 (-14.56) (-14.8) (-15.01) (-14.73) (-15.28) 
hp_sa 0.0325*** 0.0339*** 0.0328*** 0.0267*** 0.0366*** 

 (-4.65) (-4.92) (-4.68) (-3.83) (-5.41) 
highway -0.0209** -0.0199** -0.0213** -0.0189** -0.0178** 

 (-3.08) (-2.97) (-3.14) (-2.81) (-2.70) 
dum_highwa 0.0155*     

 (-2.56)     
dum_firm  0.0570***    

  (-8.75)    
dum_school   0.0095   

   (-1.57)   
dum_hp_sa    -0.0453***  

    (-7.48)  
capitaldid     0.0877*** 

     (-13.1) 
_cons 4.852*** 4.885*** 4.840*** 4.883*** 4.929*** 

 (-53.18 (-54.32) (-53.07) (-54.05) (-55.8) 
N 2518 2518 2518 2518 2518 

 

6. Conclusion 

This paper studies how high-speed rail construction affects the flow of factors between cities 
from theoretical and empirical perspectives. Based on Todaro's population flow model, we 
build a theoretical model of investment and population flow with regard to high-speed rail 
under the assumption that high-speed rail construction can reduce the cost of intercity 
commuting. 
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Conducting numerical simulation through the theoretical model, we find that high-speed rail 
construction can reduce the cost of commuting between cities and encourages people to move 
to large cities with higher wage levels. The larger the scale of high-speed rail investment is, the 
lower the cost of commuting, and the higher the population flow. 

On this basis, this paper uses panel data on 172 type I large cities in China with a permanent 
resident population of more than 3 million to test the results of the theoretical model. The 
results show that the opening of high-speed rail has a significant impact on changes in the 
permanent resident population in type I large cities. Controlling the level of urban economic 
development, education, employment opportunities and other conditions, we find that the 
opening of high-speed rail will encourage people to flow to large cities with more developed 
economies and higher income levels. This conclusion is consistent with that of the theoretical 
model. 

Then, we perform subsample regression based on the size of the urban population to study how 
labor factors change in cities with different population sizes after the opening of high-speed rail. 
The results show that the opening of high-speed rail will promote the migration of labor to 
super large cities with an average resident population of more than 4 million. For large cities 
with a population of approximately 3 million, the opening of high-speed rail will lead to labor 
migration. 

We further study which economic factors will affect the flow of factors after the opening of high-
speed rail. The results show that cities with a perfect living infrastructure and potential 
employment will have a stronger ability to attract labor and that cities with higher housing 
prices will have a weaker ability to attract labor. 

Based on the above research conclusions and combined with the actual situation of China's 
high-speed rail development, the following policy suggestions are provided: 

First, the development of transportation infrastructure construction should adapt to the 
development of the regional economy. The scale of investment in high-speed rail infrastructure 
construction in each region should be reasonably selected based on local conditions. When the 
scale of investment in high-speed rail is suitable for the economic development of areas along 
the line, high-speed rail will play a significant role in promoting economic development. 
However, it is important not to over invest and waste social resources. 

Second, the development of surrounding industries along the line should be reasonably guided 
to form a unique location advantage. High-speed rail will promote the flow of talent, resources 
and other elements to large cities, optimize the allocation of resources between cities, and 
promote the development of industries. To attract talent, the government should accelerate the 
process of industrialization, increase the proportion of the tertiary industry, introduce 
advanced enterprises and provide more employment opportunities. 

Third, we should focus on improving the public service level of small and medium-sized cities 
and increase the development of internal traffic infrastructure construction in small and 
medium-sized cities, for example, by constructing an intercity high-speed rail and urban-rural 
fast track, to achieve an integration of urban-rural passenger transport and to increase the 
connectivity between cities. The number and location of high-speed rail stations should be 
reasonably planned in combination with the actual situation of local economic development. 
The government should consider locating high-speed rail stations at urban-rural junctions, 
optimizing local production and consumption modes, promoting industrial agglomeration or 
transfer, and striving to reduce the imbalance of regional and urban-rural economic 
development. 
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