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Abstract 
Transportation infrastructure is an important factor driving regional eco-
nomic growth, and scientifically evaluating the economic growth effects of 
key transportation infrastructure is an important theoretical issue of devel-
opment economics. This paper takes the opening of Dongguan Humen Bridge 
as a quasi-natural experiment, and quantitatively identifies the regional 
growth effect it brings. This paper uses panel data from 21 prefecture-level ci-
ties in Guangdong Province from 1991 to 2007, and based on the synthetic 
control method, assigns different weights to the cities in the control group to 
construct the “counterfactual” state of Dongguan where the Humen Bridge is 
not opened, so as to compare the difference in economic development be-
tween “real Dongguan City” and “Synthetic Dongguan City”. The results 
show that the opening of the Humen Bridge in 1997 made Dongguan’s GDP 
and GDP per capita exceed the theoretical level that could be achieved when 
the Humen Bridge was not opened. The opening of the Humen Bridge signif-
icantly changed the economic growth trend of Dongguan. With the passage 
of time, the opening of the Humen Bridge has continuously strengthened the 
promotion of Dongguan’s economic growth, indicating that the transporta-
tion infrastructure has a long-term effect on the promotion of regional eco-
nomic growth. This work advances the research on the relationship between 
transportation infrastructure and regional economic growth. 
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1. Introduction 

The role of transportation infrastructure in economic growth and regional coor-
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dinated development has always been the key content of Chinese and Western 
scholars. At the same time, investment in transportation infrastructure with typ-
ical externalities of public goods has always been an important means for the 
government to carry out macroeconomic regulation and control, and it is also 
regarded as one of the important measures to promote economic growth and 
sustainable development. The huge investment in infrastructure such as rail-
ways, highways and aviation in the early Western capitalist countries promoted 
rapid economic development and accelerated the process of industrialization 
and urbanization in Western countries (Aschauer, 1989; Button & Taylor, 2000; 
Atack et al., 2010). With the gradual formation of economic globalization and 
world market integration, the rapid development of some developing countries 
has also proved the importance of transportation infrastructure to regional eco-
nomic development (Demurger, 2001; Banerjee et al., 2012; Pradhan & Bagchi, 
2013; Liu & Hu, 2010; Zhang, 2012). 

China began to implement reform and opening-up in 1978, and then pro-
moted market-oriented reforms, which brought about increasing demand for 
infrastructure investment and construction. In the mid-1990s, especially since 
the “Asian Economic Crisis”, in order to cope with the problems of insufficient 
demand and the decline in economic growth, the Chinese government had im-
plemented a proactive fiscal policy to strengthen infrastructure construction to 
drive economic development (Institute of Industrial Economics of CASS, 2002). 
After the millennium, China joined the World Trade Organization, the domestic 
market had been further opening up, and inter-regional demand for production 
factors such as labor, capital, and technological exchanges increased. Affected by 
the global financial crisis in 2008, the Chinese government once again introduced 
a “four trillion investment” investment package, of which nearly 40% of the in-
vestment will be used for major infrastructure projects, such as railways, high-
ways, airports, water projects and urban power grid transformation. It can be 
seen from this that whether it is during the economic boom or the economic 
downturn, the characteristics of infrastructure investment and construction that 
can be used as intermediate products and final products are self-evident for 
economic development. 

Reviewing the previous literature, most studies have included transportation 
infrastructure in public infrastructure, or extracted transportation facilities from 
infrastructure as a separate capital variable of the measurement model to esti-
mate its output elasticity (Aschauer, 1989; Garcia-Mila & McGuire, 1992), or 
studied its relationship with economic growth, changes in regional industrial 
structure, micro-individual behavior, and the spillover effects of transportation 
infrastructure itself (Krugman, 1991; Fernald, 1999). There are few researches 
that directly assess the impact of the opening of a key transportation infrastruc-
ture in an important geographic location on economic development. However, 
for areas in key geographical locations, the construction of important transpor-
tation hubs can often affect the local economic development level, such as Suez 
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Canal in Egypt, the Channel Tunnel between Britain and France, the Golden 
Gate Bridge, the Panama Canal and so on. The opening of the transportation in-
frastructure in these important geographical locations not only directly improves 
the efficiency of the exchange of people and the flow of goods, but also creates 
huge revenue for the local area every year. The economic benefits are considerable. 

Therefore, on the basis of learning from previous literature studies, this paper 
will be based on a brand-new perspective, with transportation hubs in important 
locations as the entry point, using the Synthetic Control Method (SCM) in poli-
cy evaluation to study key transportation foundations The impact of the opening 
of facilities on the development of the regional economy in turn gives a relatively 
stable result. This article believes that the Dongguan Humen Bridge is undoub-
tedly a key transportation infrastructure in China’s regional economy, and it 
provides us with an excellent quasi-natural experimental scenario for analyzing 
the impact of the opening of transportation infrastructure on regional economic 
growth. This paper uses panel data from 21 prefecture-level cities in Guangdong 
Province from 1991 to 2007. The rest of the paper is organized as follows: the 
second part is literature review and analysis; the third part is estimation methods 
and data description; the fourth part is empirical results and analysis; the fifth 
part is the robustness test; the sixth part is the conclusion and policy recom-
mendations. 

2. Literature review and analysis 

The upsurge of empirical research on transportation infrastructure by foreign 
economists began in the late 1980s. The pioneering research came from Aschau-
er (1989), who included transportation infrastructure into public infrastructure 
and considered the economic growth benefits of the overall infrastructure. He 
proved that the “core” infrastructure promotes economic growth, with signifi-
cant output elasticity estimates of 0.24. Barro (1990) based on modern endo-
genous growth theory, pointed out that public infrastructure can overrate the 
long-term economic growth rate. However, some scholars pointed out that the 
estimation results using the time series method may overestimate the output 
elasticity of infrastructure (Tatom, 1991). Krugman (1991) used the research 
methods of regional economics and geographic economics and found that the 
emergence of the “core-periphery pattern” depends on transportation costs, and 
the reduction of transportation costs will make the industry appear at the same 
time. When the balance between the centripetal force and the centrifugal force is 
broken, the industry will have a “core-periphery” structural distribution. Ve-
nables (1996) studied the position changes of vertically connected industries in 
the face of changes in transportation costs. He found that when transportation 
costs are reduced from high to low, the first thing that appears is the concentra-
tion of economic structure and income, and the gap in regional economic struc-
ture and per capita income has widened. But further reductions may disrupt ag-
glomeration and bring convergence. Fedderke and Bogetic (2009) examined the 
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impact of infrastructure on South Africa’s manufacturing industry and found 
that infrastructure has a direct impact on labor productivity and infrastructure 
has an indirect impact on total factor productivity. Roberts et al. (2012) adopted 
a counterfactual method based on the hybrid estimation correction of the “New 
Structural Economic Geography” model to evaluate China’s expressway network 
expansion plan. They believed that the expressway network seems to reinforce 
the existing pattern of spatial inequality. But over time, these spatial develop-
ment inequalities will decrease due to increased migration. In addition, conve-
nient transportation infrastructure is also one of the important basic conditions 
for promoting regional trade development (Bougheas et al., 1999; Limao & Ve-
nables, 2001; Francois & Manchin, 2013). Furthermore, some scholars have stu-
died the connection between the individual transportation infrastructure and 
international trade, and concluded that the development of transportation infra-
structure and the improvement of transportation efficiency have a positive and 
positive effect on trade (Nordas & Piermartini, 2004; Clark et al., 2004; Fujimura 
& Edmonds, 2006). 

But not all studies tend to hold that there is a direct or indirect link between 
transportation infrastructure and economic growth. For example, Holtz-Eakin 
and Schwartz (1995) believe that the relationship between transportation infra-
structure and economic growth is not obvious. Later, after exploring the impact 
of infrastructure on economic growth, some scholars came to conclusions simi-
lar to those of Holtz-Eakin and Schwartz (Evans & Karras, 1994a, 1994b; Chan-
dra & Thompson, 2000). 

In China’s research, some documents focus on the impact of China’s trans-
portation infrastructure on economic growth. Huang and Li (2006) put forward 
the viewpoint of expanding the market scale by further improving the transpor-
tation infrastructure of provinces and cities in the Mainland, so as to give play to 
the role of market scale in determining economic growth performance. Wang 
and Wang (2007) concluded that infrastructure plays a dominant role in eco-
nomic growth. Zhang (2007, 2012) separated transportation infrastructure as a 
separate form from capital. His research found that China’s transportation in-
frastructure investment and economic growth showed strong spatial agglomera-
tion characteristics, and the spatial spillover effect on inter-regional economic 
growth is very significant. Liu and Hu’s (2010) study found that transportation 
infrastructure has a significant positive role in promoting China’s economic 
growth. Liu (2010) studied the spatial spillover effect of the stock of fixed capital 
of road and water transportation on China’s economic growth and found that 
the stock of fixed capital of road and water transportation on the whole has a 
positive effect on regional economic growth. Liu and Hu (2011) pointed out that 
the improvement of transportation infrastructure has had a significant positive 
impact on China’s regional trade, and the improvement of transportation infra-
structure has promoted regional economic integration. Zhou and Zheng (2012) 
used the DID method to investigate the impact of railway acceleration on eco-
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nomic growth and found that compared with the stations without acceleration, 
the stations with acceleration of railway increased the per capita GDP growth 
rate by about 3.7%, and the promotion effect of acceleration of railway on eco-
nomic growth was more obvious in the later period.  

Furthermore, some scholars had begun to study the relationship between 
transportation infrastructure and total factor productivity (TFP). They found 
that transportation infrastructure has a positive impact on total factor produc-
tivity (Liu et al., 2010; Zhang & Yi, 2012). In addition, some scholars believe that 
investment in transportation infrastructure construction also plays an important 
role in promoting regional industrial clusters (Ren & Zhang, 2010). Sheng et al. 
(2011) found that infrastructures have a positive effect on the export of Chinese 
enterprises. Ruan (2017) studied the investment and economic effects of trans-
portation infrastructure planning in the Silk Road Economic Belt and found that 
the impact of railways and highways on import and export trade was signifi-
cantly positive. 

There are also researchers who explore the impact of transportation infra-
structure on the micro-level of corporate behavior or residents’ behavior from a 
micro perspective. Li and Li (2009) believed that the construction of high-grade 
roads significantly reduced the inventory capital occupation of Chinese manu-
facturing enterprises, while the investment of ordinary roads and railways had 
no significant impact on the inventory level of enterprises. Shi et al. (2018) 
found that the railway acceleration had played a positive role in technological 
progress and efficiency improvement of enterprises and promoted the growth of 
total factor productivity. From the perspective of corporate inventory, Zhang et 
al. (2018) explored the mechanism behind transportation infrastructure to pro-
mote economic growth under a unified framework and verified that transporta-
tion infrastructure plays an important role in expanding enterprise scale, im-
proving enterprise operating efficiency and enhancing market vitality. Guo et al. 
(2019) found that road infrastructure not only has a “multiplier effect” that can 
directly promote economic development, but also can indirectly promote eco-
nomic growth through the residents’ “consumption effect”. 

A review of the previous research literature shows that the research on the re-
lationship between transportation infrastructure and economic development has 
made great progress. Domestic and foreign literature is mostly empirical re-
search, and most of them focus on the aspects of transportation infrastructure 
promoting changes in the production field. It is believed that the investment and 
construction of transportation infrastructure mainly affects economic develop-
ment by affecting the flow of factors in the production field. 

In research methods, the cost function method and production function me-
thod are mainly used to measure the impact of transportation infrastructure on 
economic development. In terms of the data, time series data is mainly used for 
analysis in the early stage, and the output elasticity obtained based on this me-
thod is relatively high; In recent years, mainly based on panel data analysis, the 
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output elasticity will be low, and it cannot be ruled out that the impact of trans-
portation infrastructure on economic growth is not significant. However, the 
overall research results still tend to have a positive impact on economic growth. 
In terms of research content, the research literature has gradually expanded 
from exploring the relationship between transportation infrastructure and eco-
nomic growth to specific areas, such as the impact of transportation infrastruc-
ture on regional industrial structure, import and export trade, location selection 
of industry enterprises, and individual behavior decisions. The selection of re-
search indicators is still relatively single. Early research mainly focused on the 
stock of transportation infrastructure, and later gradually evolved to extract spe-
cific levels of transportation infrastructure from the overall for individual re-
search; with the research boom of new economic geography With the rise, spa-
tial and geographic factors are gradually being considered, and then the spillover 
effect of transportation infrastructure is discussed. However, it is rare to study 
the impact of a specific infrastructure on regional economic growth, which also 
limits our understanding of regional economic development by building trans-
portation infrastructure in special locations between regions. 

In fact, the economic development of many regions and the changes in the 
geo-spatial pattern of regional and even national economic development are 
largely dependent on the impact of the completion and opening of key infra-
structure. Based on this important background with both theoretical value and 
practical significance, this paper selects the opening of the Dongguan Humen 
Bridge as a quasi-natural experiment, and uses the cutting-edge analysis me-
thods of policy evaluation to explore its impact on economic growth, which un-
doubtedly forms an important supplement to the existing literature and existing 
research boundaries. 

3. Estimation Method and Data Description 
3.1. Background 

The transportation infrastructure of Dongguan is the hardware foundation that 
supports and leads the development of Dongguan and surrounding areas. In or-
der to strengthen exchanges and ties with the west bank of the Pearl River, Hu-
men Automobile Ferry Port was completed and put into operation in 1991, but 
shortly there was a problem of insufficient capacity. As a result, Guangdong 
Provincial Government began to promote the Humen Bridge construction 
project. On June 9, 1997, the Humen Bridge was officially opened for operation. 
In this context, for this article we regards the opening of the Humen Bridge as a 
policy implemented by the Guangdong Provincial Government and uses the 
method of policy evaluation to evaluate the impact of the opening of the Humen 
Bridge on the regional economic development. The methods for evaluating pol-
icy items mainly include difference-in-differences (DID), propensity score 
matching method (PSM) and composite control method (SCM). However, it is 
worth noting that, according to the construction history of Humen Bridge, the 
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opening of this important transportation infrastructure is not a random occur-
rence. At the same time, the opening of Humen Bridge may have systemic dif-
ferences relative to other regions. Considering the limitations of the DID me-
thod and the PSM method, this paper will choose the data-driven method SCM 
as the main analytical method. The next thing to do is to introduce the synthetic 
control method in detail, and then defines and explains the main variables and 
sample data. 

3.2. Model Framework  

The Synthetic Control Method (SCM) was first proposed by Abadie and Gar-
deazabal (2003). They used it to study the economic impact of terrorist activities 
in the Basque Country in Spain. Since then, this method has been widely used in 
the field of policy evaluation (Abadie et al., 2010; Ando, 2015; Wang & Nie, 
2010; Liu & Fan, 2013; Liu & Wu, 2017; Liu & Zeng, 2018). The characteristic of 
the synthetic control method is that it is driven by data and selects suitable indi-
viduals from the control group to synthesize the “counterfactual” processing 
group. The basic idea of this method is to select a reasonable control group and 
predictor variables, synthesize a “counterfactual” treatment group based on the 
control group and the existing predictor variables, and then the difference be-
tween the “synthetic treatment group” and the “real treatment group” was com-
pared to assess the impact of the policy. One of the prerequisites is that the sum 
of the weights of the control group areas participating in the synthesis 
“processing group” is 1, in order to avoid excessive extrapolation in the synthesis 
control. The following will briefly introduce the basic principles and models of 
the SCM. 

Assuming that the observable region is J + 1, the time span of the sample is [1, 
T]. During the period of T0 (June 1997), individual 1 had an important traffic 
infrastructure opening (corresponding to the opening of Humen Bridge in the 
paper), in which 1 ≤ T0 < T; Other J regions serve as potential control groups for 
region 1; After time T0, area 1 was constantly affected by the opening of the 
bridge. We use N

itY  to represent the economic development of region I that was 
not affected by the opening of Humen Bridge at time T, and I

itY  represent the 
economic development of region I that was affected by the opening of Humen 
Bridge at time T, in which [ ]1, 1i J∈ + , [ ]1,t T∈ . itα  represents region I with 
the effect of Humen Bridge opening, and the following model is set: 

N
it it it itY Y D α= +  

itD  represents the virtual variable of whether there is an important traffic infra-
structure opened in area I, 

0

0

1 and 
1 o0  

,
, r

1
it

i t T
D

i t T
= >

=
≠ ≤





 

When 0t T≤ , for all regions i is N I
it it itY Y Y= = ; when 0t T> , the economic ef-

fect of the humen bridge opening on region 1 at time t is 1 1 1
I N

t t tY Yα = − . There-
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fore, 1tα  is the treatment effect to be estimated in this paper. However, 1
I
tY  re-

gion i  can be observed after the bridge is opened. But the potential results of 

1
N
tY  unaffected by the bridge opening after T0 cannot be observed. Therefore, 

referring to the practice of Abadie et al. (2010), the following factor model was 
used to estimate the “counterfactual result 1

N
tY ” that region I was not affected by 

the bridge opening after T0. 
N

it t t i t i itY Zδ θ λ µ ε= + + +                      (1) 

tδ  is a fixed time effect with the same influence on all sample units; iZ  is a  
(r × 1)-dimensional vector that contains observable variables that are not af-
fected by the opening of the bridge in area i , and tθ  is an unknown parameter 
of (1 × r) dimensions Vector; iµ  is a (F × 1)-dimensional coefficient vector, tλ  
is a (1 × F)-dimensional unobservable common factor vector; itε  is an error 
term, representing a temporary shock that cannot be observed in each sample 
area, and the mean is zero. 

When 0t T> , in order to estimate N
itY , we consider to construct the weight 

vector ( )2 1, , JW w w +=  ’, the weight vector satisfies 0jw > , j = 2, ∙∙∙, J + 1. For 
all jw , satisfy the 1

2 1J
jw+ =∑ . Here, the weight is set to non-negative and the 

limit is 1, the purpose is to avoid excessive extrapolation, so that the control 
group can synthesize a feasible synthetic experimental group within the observa-
ble data range. Each specific value of vector W represents the composite control 
for the first region, which is a weighted average of all regions within the control 
group. By weighting the variable values of each control group region, we can get: 

1 1 1 1
2 2 2 2

J J J J
j jt t t j j t j j j itj j j jw Y w Z w wδ θ λ µ ε+ + + +

= = = =
= + + +∑ ∑ ∑ ∑          (2) 

Suppose there is a vector group ( )2 1, , JW w w∗ ∗ ∗
+=  ’, for the target city j = 1 

that has traffic infrastructure open at [ ]01,t T∈  satisfy:  

0 0

1 1 1 1
,1 1,1 ,2 1,2 , 1, 12 2 2 2, , , ,J J J J

j j j j j j T T j jj j j jw Y Y w Y Y w Y Y w Z Z+ + + +∗ ∗ ∗ ∗
= = = =

= = = =∑ ∑ ∑ ∑    (3) 

Abadie et al. (2010) proved that if 0
1

T
t tt λ λ

=
′∑  is a nonsingular matrix, then we 

can get: 

( ) ( )
( )

0 0
11 1

1 12 2 2 1 0

1
12

J J T TN
t j jt j t n n s js sj j s n

J
j jt tj

Y w Y w

w

λ λ λ λ ε ε

ε ε

−+ +∗ ∗
= = = =

+ ∗
=

′ ′− = −

− −

∑ ∑ ∑ ∑

∑
        (4) 

It can be proved that formula (4) tends to 0 under general conditions. There-
fore, when ( )0 ,t T T∈ , 1

2
J

j jtj w Y+ ∗
=∑  can be used as the counterfactual result of 

the processing group (area 1), thus the estimated value of policy itα  can be ob-
tained: 



1
1 02 ,J

it t j jtjY w Y T t Tα + ∗
=

= − < ≤∑                   (5) 

The key to solving itα  is to find the weight vector W* that makes the above 
equation hold. We can determine the optimal weight vector W* by minimizing 
the distance between X1 and X0W. X1 represents the (k × 1)-dimensional feature 
vector Z of the target city before the Humen Bridge opening. X0 is the (k × J) 
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matrix containing k characteristic variables of the selected J control groups, and 
the characteristic vector Z is the main factor affecting regional economic growth 
or any linear combination of economic growth variables, which is the predictor 
variable mentioned above. In general, the distance function: 

( ) ( )1 0 1 0 1 0X X W X X W V X X W′− = − −  

where V is a (k × k)’s dimensions symmetric positive semidefinite matrices. Al-
though the derivation process here is valid for any V, in fact the choice of V will 
affect the estimated mean square error. Here, the program developed by Abadie 
et al. is used to calculate V, so that the economic growth trajectory of the com-
posite area is the same as that before the opening of the transportation infra-
structure. The economic growth trajectory of the treatment group is similar. 

3.3. Variables and Data Description 

3.3.1. Data Source 
This paper mainly studies the impact of the opening of the Dongguan Humen 
Bridge on the economic development of Dongguan. The data set used in this re-
search is the panel data of 21 prefecture-level cities in Guangdong Province from 
1991 to 2007. In the actual analysis of this article, the data from 2008 and beyond 
are not used because of the following reasons: 1) The consistency of the statistic-
al rules of data variables. Beginning in 2007, in accordance with the regulations 
of the National Bureau of Statistics of China, new changes have taken place in 
the statistical rules of industrial enterprises above designated size. State-owned 
industrial legal person enterprises whose annual main business income is less 
than 5 million yuan will no longer be regarded as the industrial statistical scope 
above the scale. In order to maintain the consistency of statistical indicators, da-
ta after 2008 are not included for analysis. 2) Reduce the impact of exogenous 
shocks. After the 2008 financial crisis, the Chinese government launched ten 
measures in November 2008 to further expand domestic demand and promote 
steady and rapid economic growth. Preliminary estimates indicate that the im-
plementation of these ten measures will require an investment of 4 trillion yuan 
by the end of 2010, including 1.5 trillion yuan invested in major infrastructure 
construction such as railways, highways, airports, water conservancy, and urban 
power grid transformation. After that, the transportation infrastructure in vari-
ous regions has been further improved. The opening of the Guangzhou-Shenzhen 
high-speed rail in 2011 strengthened the exchange of economic factors in the 
Pearl River Delta. From 2010 to 2018, China has built a high-density and 
high-speed rail network in urban agglomerations in the Yangtze River Delta, the 
Pearl River Delta, and the Bohai Rim. High-speed rail interconnections have 
been completed among the four major areas in the east, central, west and north-
east. In this context, considering that the development of transportation infra-
structure after 2008 will weaken the economic effect of Humen Bridge, the data 
after 2008 is not included for analysis. The original economic data comes from 
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the “China Statistical Yearbook”, “China City Statistical Yearbook”, “Guangdong 
Statistical Yearbook”, “Dongguan Statistical Yearbook” and other related statis-
tical yearbooks. The individual missing values of variables are supplemented by 
linear interpolation. Dongguan City is the treatment group, and the remaining 
prefecture-level cities are the control group. 

3.3.2. Variable Description 
Zhang (2012) uses the logarithm of real GDP as the explained variable to meas-
ure the impact of transportation infrastructure on economic growth. Liu (2010), 
Wang and Nie (2010), Liu and Wu (2017), Liu and Wang (2017) were used the 
logarithm of per capita real GDP as a variable to measure economic growth 
when studying the impact of policies on economic growth. Yang et al. (2017) 
used per capita real GDP as the explained variable when studying the impact of 
the establishment of special economic zones on economic growth. Therefore, 
referring to previous studies, the explained variable itY  selected in our article 
are mainly the logarithm of real GDP (rGDP) and the logarithm of real GDP per 
capita (rPGDP). In addition, Gao et al. (2012), Liu and Zeng (2018) were used 
the “Relative Output Value” as an indicator to measure industrial upgrading and 
transfer in the literature that studied housing price differences and the impact of 
real estate tax on industrial upgrading and transfer. This article will learn from 
their practices and use the “Relative Value of GDP” (RVGDP) and the “Relative 
Value of GDP Per Capita” (RVPGDP) to measure the changes in economic 
growth. The larger the relative value, the better the development trend of the 
city’s economy. The construction formula of the indicator is as follows: 

( )( )1RVGDP GDP GDPn
it it jtj n

=
= ∑                   (6) 

( )( )1RVPGDP PGDP PGDPn
it it jtj n

=
= ∑                 (7) 

According to the idea of SCM, it is necessary to select a series of predictive va-
riables itX  to make the fitting effect and stability effect between the “synthetic 
treatment group” and the “real treatment group” better. With reference to the 
research of Liu and Hu (2010, 2011), Zhang (2012) and considering the availa-
bility of data, we determined the following predictor variables:  

Industrial structure (GDP2): expressed as the proportion of the output value 
of the secondary industry in each city to the total GDP. 

Investment in fixed assets (INV): expressed as the proportion of the total in-
vestment in fixed assets of each city in the total GDP. 

Government behavior (GOV): expressed as the proportion of government 
budget expenditure to the total GDP. 

Gross Industrial Output Value (GIO): expressed by the gross industrial output 
value above designated size. 

Foreign Direct Investment (FDI): Expressed by the exchange rate of foreign 
direct investment in each city into RMB. 

Total export value (EXPORT): expressed by the export value of each city. 
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Road (road): Expressed by the mileage of highways in each city. 
Grade road 1 - 4 (road 14): Expressed by traffic mileage of grade 1 - 4 roads in 

each city. 
The data is based on 1990 and adjusted according to the GDP index and per 

capita GDP index of each city to obtain the actual GDP and per capita actual 
GDP of each city. Except for RVGDP, RVPGDP and GOV, we took the loga-
rithm of the rest of the variables. Table 1 shows the descriptive statistical results 
of the variables used in the empirical part. 

4. Empirical Analysis 
4.1. Empirical Results on the Impact of GDP Growth 

First of all, we verified the impact of the opening of Humen Bridge on the GDP 
of Dongguan. For the two indexes of lnrGDP and RVGDP of Dongguan before 
the opening of Humen Bridge, the weight of the city calculated by the synthetic 
control method is shown in Table 2 and Table 3. Weights reported in Table 2 
indicate that rGDP trends in Dongguan are best reproduced by a combination of 
Zhanjiang, Maoming, Jieyang, Yunfu. With all other cities in the donor pool are 
assigned zero W-weights. Weights reported in Table 3 indicate that RVGDP 
trends in Dongguan is best reproduced by a combination of Shaoguan, Maom-
ing, Jieyang, Yunfu, with all other citys in the donor pool are assigned zero 
W-weights. Notice that, the RMSPE values of lnrGDP and rvGDP in synthetic 
Dongguan are 0.0226 and 0.0146 respectively, indicating that the growth path of 
synthetic Dongguan fits the actual growth situation well. 
 
Table 1. Descriptive statistics of major variables. 

Variable  
symbol 

Number of 
observations 

Mean  
value 

Standard  
error 

Min Max 

RVGDP 357 1 0.891 0.190 4.102 

RVPGDP 357 1 0.735 0.199 2.788 

lnrGDP 357 5.449 1.011 3.136 8.221 

lnrPGDP 357 8.854 0.929 6.745 11.109 

lnGDP2 357 3.778 0.232 3.074 4.303 

lnGIO 357 5.308 1.447 1.674 8.606 

lnINV 357 3.376 0.378 2.176 4.628 

GOV (%) 357 8.329 3.212 1.344 20.049 

lnEXPORT 357 4.237 1.689 0.452 8.520 

lnFDI 357 2.687 1.335 −1.482 5.267 

lnroad 357 8.187 0.840 6.023 9.967 

lnroad14 357 8.035 0.850 5.509 9.738 

Note. The data are from Statistical Yearbook of China, Statistical Yearbook of Guangdong, Statistical Year-
book of Chinese Cities and Statistical Yearbook of Dongguan from 1991 to 2007, which are compiled by the 
author. 
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Table 2. City Weights of lnrGDP in the Synthetic Dongguan. 

City Weight City Weight 

Guangzhou 0 Zhongshan 0 

Shenzhen 0 Jiangmen 0 

Zhuhai 0 Yangjiang 0 

Shantou 0 Zhanjiang 0.058 

Foshan 0 Maoming 0.039 

Shaoguan 0 Zhaoqing 0 

Heyuan 0 Qingyuan 0 

Meizhou 0 Chaozhou 0 

Huizhou 0 Jieyang 0.458 

Shanwei 0 Yunfu 0.445 

RMSPE  0.0226  

Note. The data is calculated from the compiled panel data through the SCM command. 

 
Table 3. City Weights of RVGDP in the Synthetic Dongguan. 

City Weight City Weight 

Guangzhou 0 Zhongshan 0 

Shenzhen 0 Jiangmen 0 

Zhuhai 0 Yangjiang 0 

Shantou 0 Zhanjiang 0 

Foshan 0 Maoming 0.081 

Shaoguan 0.015 Zhaoqing 0 

Heyuan 0 Qingyuan 0 

Meizhou 0 Chaozhou 0 

Huizhou 0 Jieyang 0.486 

Shanwei 0 Yunfu 0.417 

RMSPE  0.0146  

Note. The data is calculated from the compiled panel data through the SCM command. 

 
Figure 1 and Figure 2 show the development paths of lnrGDP and RVGDP 

between “Real Dongguan” and “Synthetic Dongguan” from 1991 to 2007, where 
the vertical dashed line represents the time boundary between the openings of 
the Humen Bridge. Because the opening of the Humen Bridge was June 1997, 
the year 1997 was also planned to be the year after the opening of the Humen 
Bridge, and the year 1991 to 1996 were not affected by the opening of the Hu-
men Bridge.  
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Figure 1. Trends in lnrGDP: Dongguan vs. synthetic Dongguan. 

 

 
Figure 2. Trends in RVGDP: Dongguan vs. synthetic Dongguan. 

 
Our estimate of the effect of Humen Bridge opening on economic aggregate 

level in Dongguan is the difference between lnrGDP and RVGDP in Dongguan 
and in their synthetic version after the opening of Humen Bridge. Figure 1 and 
Figure 2 show that on the left side of the vertical dotted line, the lnrGDP and 
RVGDP of Dongguan and its synthetically controlled citie are very close, and the 
difference is very small, indicating that synthetic Dongguan fits the change path 
of Dongguan’s total GDP well. After the Humen Bridge opened, the two lines 
began to diverge noticeably, and the development path of its synthetic value is 
lower than the true value development path. The difference between the solid 
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line and the dashed line is exactly the effect of the opening of the Humen Bridge 
on the total GDP of Dongguan. At the same time, it can be seen from Figure 2 
that the development path of RVGDP in synthetic Dongguan shows a steady and 
slightly downward trend, but the RVGDP of real Dongguan continued to rise 
after 1996, and the value exceeded 1 around 2002, which showed the develop-
ment quality and development trend of economy in real Dongguan are better 
than synthetic Dongguan without Humen Bridge opening. 

4.2. Empirical Results on the Impact of per Capita GDP Growth 

Next, our article verified the impact of the opening of the Humen Bridge on the 
per capita GDP of Dongguan. Table 4 and Table 5 show the city weights calcu-
lated by using the synthetic control method to synthesize the lnrPGDP and 
RVPGDP in Dongguan. Weights reported in Table 4 and Table 5 indicated that 
lnrPGDP and RVPGDP’s trends in Dongguan is best reproduced by a combina-
tion of Shenzhen and Jieyang, with all other citys in the donor pool are assigned 
zero W-weights. In addition, the synthetic RMSPE values of the lnrPGDP and 
RVPGDP are 0.0307 and 0.0682 respectively, which also indicated that the 
growth path of synthetic Dongguan fits the actual growth situation well. 

Similar to the discussion above, Figure 3 and Figure 4 show the development 
path of lnrPGDP and RVPGDP in Dongguan and its synthetic city. On the right 
side of the vertical dotted line, the development paths of these two predictors 
gradually deviate, and the development path of the synthetic values is lower than 
the real Dongguan’s values. The difference is exactly the effect of the opening of 
the Humen Bridge on the real GDP per capita in Dongguan. At the same time, 
compared to the steady and slight decline in the development path of RVPGDP 
in synthetic Dongguan, the real value of RVPGDP in Dongguan has continued  
 
Table 4. City Weights of RVPGDP in the Synthetic Dongguan. 

City Weight City Weight 

Guangzhou 0 Zhongshan 0 

Shenzhen 0.610 Jiangmen 0 

Zhuhai 0 Yangjiang 0 

Shantou 0 Zhanjiang 0 

Foshan 0 Maoming 0 

Shaoguan 0 Zhaoqing 0 

Heyuan 0 Qingyuan 0 

Meizhou 0 Chaozhou 0 

Huizhou 0 Jieyang 0.390 

Shanwei 0 Yunfu 0 

RMSPE  0.0307  

Note. The data is calculated from the compiled panel data through the SCM command. 
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Table 5. City Weights of rPGDP in the Synthetic Dongguan. 

City Weight City Weight 

Guangzhou 0 Zhongshan 0 

Shenzhen 0.776 Jiangmen 0 

Zhuhai 0 Yangjiang 0 

Shantou 0 Zhanjiang 0 

Foshan 0 Maoming 0 

Shaoguan 0 Zhaoqing 0 

Heyuan 0 Qingyuan 0 

Meizhou 0 Chaozhou 0 

Huizhou 0 Jieyang 0.224 

Shanwei 0 Yunfu 0 

RMSPE  0.0682  

Note. The data is calculated from the compiled panel data through the SCM command. 

 
to rise after 1996, which indicating that the per capita GDP level of Dongguan is 
getting better. This means that the opening of the Humen Bridge has a signifi-
cant boost to the per capita GDP of Dongguan, with comparing the assumption 
that there is no traffic infrastructure opening in Dongguan. To be specific, it can 
be seen from Figure 3 that the development path gap of lnrPGDP between 
Dongguan and synthetic Dongguan was around 0.05 before Humen Bridge 
opened, and the gap fluctuated slightly. But after the Humen Bridge opened, the 
gap widened, and reached 0.8 by 2007. In the ten years from 1997 to 2007, the 
lnrPGDP of real Dongguan was about 0.35 higher than the lnrPGDP of the syn-
thetic Dongguan. Figure 4 shows the development quality of Dongguan and 
synthetic Dongguan in per capita GDP. It can be seen that before the Humen 
Bridge opened, the RVPGDP of Dongguan and synthetic Dongguan fluctuated 
between 1.5 and 1.7, with a small development gap. However, after the opening 
of Humen Bridge, the development path of real Dongguan’s RVPGDP has been 
rising and reached 2.75 in 2007, which is different from the development path of 
the RVPGDP of synthetic Dongguan under the “counterfactual” state that is sta-
ble and slightly declining. The results in Figure 3 and Figure 4 show that the 
Humen Bridge had promoted the economic growth of Dongguan after its open-
ing, and the quality of development has also been improved. 

Further, by observing Figure 1 to Figure 4, we can see that these four indica-
tors are in a steadily rising trend, and the gap with the “counterfactual” synthesis 
of Dongguan is gradually widening, which indicated that that the opening of 
Humen Bridge has a sustained growth effect on Dongguan’s economic over 
time. There are also research articles showing that the opening of transportation 
infrastructure has a lagging period for regional economic benefits (Liu, 2010; 
Zhou & Zheng, 2012; Liu & Wang, 2017). 
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Figure 3. Trends in lnrPGDP: Dongguan vs. synthetic Donggua. 

 

 
Figure 4. Trends in RVPGDP: Dongguan vs. synthetic Dongguan. 

5. Robustness Test 

5.1. Permutation Test 

In order to verify the robustness of the previous empirical results, learned from 
the practices of Abadie and Gardeazabal (2003) and Abadie et al. (2010), we use 
the Permutation Test to perform robustness testing. The idea of the test is to re-
peatedly use the synthetic control method to evaluate the impact of the policy 
implementation (the opening of the Humen Bridge) on the economic develop-
ment of other control groups and assumed that all the control groups indepen-
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dently have important traffic infrastructures open. We calculate the estimated 
effect associated with each placebo trial. This iterative process provides us with 
the estimated gap distribution of the state without intervention, and then com-
pares the actual effect found in the treatment group with the effect produced by 
the randomly selected control group area. If the difference between the actual 
effect and the random effect is large enough, the opening of the transportation 
infrastructure will have a significant effect on the economic growth of the treat-
ment group. The ranking test method can visually show whether there are other 
areas that are similar to the real treatment group, and the probability of such a 
situation. 

The Permutation Test requires that the synthetic groups and the real treat-
ment group have a good fit before the opening of the transportation infrastruc-
ture. Therefore, in this placebo test method, if the calculated RMSPE value dur-
ing the iterative process is too large, it means the sample’s fitting effect of the 
time period before the opening of the transportation infrastructure is not good 
enough, so even if the difference of the explained variable of the sample is large 
in the later period, it cannot convincingly reflect the effect of the event. There-
fore, if a sample has an unsatisfactory fitting effect between the synthetic object 
and itself before the event happened, we will no longer analyze the permutation 
test of this city. We excluded cities that had a RMSPE of more than 2 times the 
RMSPE of Dongguan. Figures 5-8 display the results for the placebo test, the 
black line represents Dongguan, and the dotted lines represent the cities of the 
control group. 

Taking predictive variables lnrGDP and rvGDP as examples, it can be seen 
that before 1996, there was not much difference between Dongguan and the ci-
ties in the control group. However, after 1996, the gap between Dongguan and 
the control cities began to widen, and Dongguan’s development path was located 
outside compare with other cities. The greater the difference value, the stronger 
the promotion effect brought by the opening of Humen Bridge. That indicated 
the opening of Humen Bridge had changed the GDP growth trend of Dongguan 
and brought positive effects. Because these two figures included 17 control cities, 
the probability of estimating a gap of the magnitude of the gap for Dongguan 
under a random permutation of the intervention in our data is 5.6%, a test level 
typically used in conventional tests of statistical significance. Similarly, it can al-
so be proved that the growth trend of per capita GDP in Dongguan also showed 
positive and significant effects after 1996, the results are shown in Figure 7 and 
Figure 8. The results of the placebo test are basically consistent with the results 
of the empirical analysis in part IV1. 

 

 

1When analyzing the predictive variables of lnrGDP, the four cities of Guangzhou, Heyua, Jieyang 
and Yunfu with poor fitting degree were removed, leaving 17 sample cities. When analyzing the pre-
dictive variables of RVGDP, the four cities of Guangzhou, Shenzhen, Foshan and Yunfu with poor 
fitting degree were removed, leaving 17 sample cities. When analyzing the predictive variables of 
lnrPGDP, the four cities of Shenzhen, Zhuhai, Heyuan and Jieyang with poor fitting degree were 
removed，leaving 17 sample cities. When analyzing the predictive variables of RVPGDP, the two ci-
ties of Shenzhen and Zhuhai with poor fitting degree were removed, leaving 19 sample cities. 
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5.2. DID for Further Testing 

Some researchers were all used the DID method as robustness test when studied 
the impact of policy effects on the economy (Liu & Fan, 2013; Liu & Wu, 2017; 
Liu & Zeng, 2018). Therefore, based on their approach, in order to ensure the 
robustness of the analysis, we used the DID with fixed effects to test the robust-
ness of the predictor variables. The econometric model is set as follows: 
 

 
Figure 5. lnrGDP Gaps in Dongguan and Placebo Gaps in 17 Control cities (Discards ci-
ties with RMSPE Two Times Higher than Dongguan’s). 
 

 
Figure 6. RVGDP Gaps in Dongguan and Placebo Gaps in 17 Control cities (Discards ci-
ties with RMSPE Two Times Higher than Dongguan’s). 
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Figure 7. lnrPGDP Gaps in Dongguan and Placebo Gaps in 17 Control cities (Discards 
cities with RMSPE Two Times Higher than Dongguan’s). 

 

 
Figure 8. RVPGDP Gaps in Dongguan and Placebo Gaps in 19 Control cities (Discards 
cities with RMSPE Two Times Higher than Dongguan’s). 

 
0 1 2it t i t i i t itY D G D Gα α α β δ γ ε= + + + + + +∗              (8) 

0 1 2it t i t i it i t itY D G D G Xα α α β θ δ γ ε= + + + + + + +∗           (9) 

Equation (8) is the general form without adding control variables. Equation 
(9) is the form of adding control variables. Where itY  denote economic growth 
variable for city i at year t. iG  is a dummy variable (treatment group = 1, con-
trol group = 0). tD  is a dummy variable of time (after the opening of the bridge 
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= 1, before the opening of the bridge = 0). The interaction term represents the 
effect of the treatment group after the bridge was opened, and the coefficient β  
is the treatment effect that the model focuses on. In addition, itX  is the set of 
control variables, iδ  is the regional fixed effect, tγ  is the annual fixed effect, 
and itε  is the random error term. 

Table 6 reports the estimated results of the Humen Bridge opening on Dong-
guan’s lnrGDP and RVGDP. Columns 1 and 3 use Equation (8) as the basic 
model, and the interaction term coefficients are all significantly positive without 
controlling other influencing factors. Columns 2 and 4 use formula 9 as the basic 
model. The interaction term with lnrGDP as the economic growth indicator is 
significantly positive when other influencing factors are controlled. However, 
the interaction term with RVGDP as the economic growth indicator is positive 
when other influencing factors are controlled, but it is no longer significant. The 
possible reason is that in all the prefecture-level city samples in Guangdong 
Province included special first-tier cities (Guangzhou, Shenzhen), their econom-
ic development level is significantly higher than second-tier and below cities, 
which may cause estimation results are not significant2. But generally speaking, 
the results of the robustness estimation are consistent with the empirical results 
and permutation test. 

Table 7 reports the estimated results at the level of Per capita GDP in Dong-
guan. The interaction coefficient in columns 1 and 4 show that the estimated 
results are positive and significant at the 1% level, which indicated that the 
opening of Humen Bridge has a positive and significant effect on the per capita 
GDP level. The opening of Humen Bridge has promoted the growth trend of per 
capita GDP in Dongguan, made its growth faster. This estimation result is basi-
cally consistent with the previous empirical results and permutation test. 

Furthermore, this article replaces the indicators to measure regional economic 
growth with GDP growth rate (g1) and per capita GDP growth rate (g2). Col-
umns 5 and 6 in Table 6 and Table 7 report the estimation results. The coeffi-
cient of the interaction term reflects the impact of the completion of Humen 
Bridge on the GDP growth rate and per capita GDP growth rate of Dongguan. 
The interaction term’s coefficients obtained are all significantly positive, indi-
cating that the opening of Humen Bridge has a positive and significant impact 
on the GDP growth rate and per capita GDP growth rate of Dongguan city. 

6. Conclusions and Policy Recommendations 

Most of the existing literature proved that transportation infrastructure had sig-
nificant effects in promoting economic growth, but most of the studies are based  

 

 

2A similar situation had occurred when Liu Naiquan and Wu You (2017) used PSM-DID for ro-
bustness analysis. Therefore, in further analysis, we eliminated Guangzhou and Shenzhen, two 
first-tier cities with excellent economic development, to avoid the impact of special cities. Then we 
still use the DID with fixed effect to estimate, and the result is that the interaction term is 0.18 and is 
significant at the 1% significance level. Therefore, the test results estimated by the DID method ve-
rify the robustness of the above research conclusions. 
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Table 6. The impact of the opening of Humen Bridge on Dongguan’s lnrGDP, RVGDP 
and GDP growth rate. 

 (1) (2) FE (3) (4) FE (5) (6) FE 

Explained variable lnrGDP lnrGDP RVGDP RVGDP g1 g1 

Interaction term β 
0.41* 
(0.23) 

0.12*** 
(0.04) 

0.31*** 
(0.11) 

0.03 
(0.05) 

8.43*** 
(2.69) 

12.95*** 
(2.64) 

itX  — Yes — Yes — Yes 

iδ  — Yes — Yes — Yes 

tγ  — Yes — Yes — Yes 

N 357 357 357 357 357 357 

R2 0.270 0.987 0.002 0.575 0.244 0.587 

Notes: 1) *, ** and *** denote significant at 10%, 5% and 1% level, respectively. 2) FE means DID with fixed 
effects. 

 
Table 7. The impact of the opening of Humen Bridge on Dongguan’s lnrPGDP, 
RVPGDP and per capita GDP growth rate. 

 (1) (2) FE (3) (4) FE (5) (6) FE 

Explained variable lnrPGDP lnrPGDP RVPGDP RVPGDP g2 g2 

Interaction term β 
0.44** 
(0.21) 

0.26*** 
(0.05) 

0.77*** 
(0.13) 

0.69*** 
(0.07) 

7.67*** 
(2.60) 

10.32*** 
(2.49) 

itX  — Yes  — Yes — Yes 

iδ  — Yes — Yes — Yes 

tγ  — Yes — Yes — Yes 

N 357 357 357 357 357 357 

R2 0.294 0.977 0.128 0.380 0.246 0.563 

Notes: 1) *, ** and *** denote significant at 10%, 5% and 1% level, respectively. 2) FE means DID with fixed 
effects. 

 
on the stock or investment of transportation infrastructure as an explanatory va-
riable. This article innovatively examines the economic growth effects of the 
opening of key infrastructures, takes the completion of the Dongguan Humen 
Bridge as a natural experiment, uses the synthetic control method of policy 
evaluation, and verifies it based on panel data from 21 prefecture-level cities in 
Guangdong Province from 1991 to 2007. The empirical research results show 
that the opening of the Humen Bridge has a significant role in promoting the 
economic growth of Dongguan. The specific performance is as follows: Com-
pared with the synthetic Dongguan under the “counterfactual” state, the opening 
of the Humen Bridge had changed the growth of Dongguan’s real GDP and per 
capita GDP’s growth trend. During the study period, the opening of the bridge 
has continued to enhance economic growth. In response to the above research 
conclusions, two robustness test methods are designed: Permutation Test and 
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DID with fixed effects method. The conclusions obtained by using these two 
methods are basically consistent with the empirical conclusions, which shows 
that the research results are robust. 

The empirical results show that the opening of transportation infrastructure 
in important geographical locations has a significant role in promoting local 
economic development. The corresponding policy implications are: 

From the perspective of public investment, we must focus on the construction 
of transportation infrastructure in important geographical locations. As the 
main component of public goods, transportation infrastructure has externalities 
that allow it to be directly invested in the process of social production after it is 
completed, reducing the circulation time of production factors and transporta-
tion costs, and expanding regional accessibility and communication. China has a 
vast territory, uneven distribution of endowments between regions, and unba-
lanced development. The problem of unbalanced development has always ex-
isted. It is necessary to give full play to the role of important geographical loca-
tions, improve transportation facilities in relatively backward and poor areas, 
build a good transportation network, and improve the communication efficiency 
of economic factors, then promote the economic development of the region. 

From the perspective of overall regional development, it is necessary to coor-
dinate relatively balanced development between regions. Imperfect transporta-
tion infrastructure may have a negative effect on the economic development of 
underdeveloped areas. Because as the flow cost decreases, the production factors 
of underdeveloped areas will flow to relatively developed areas, which makes the 
economic agglomeration effect of developed areas more obvious. Therefore, it is 
necessary to prevent the oversaturation of the central area caused by the “siphon 
effect”3 of the transportation infrastructure, and to prevent the excessive loss of 
economic factors in the surrounding areas. Reasonably coordinate the layout of 
the transportation network and use the external functions of the transportation 
infrastructure to help upgrade the “central-peripheral” industry. 

Although we have argued in the preceding article that the opening of Humen 
Bridge has a positive impact on the economic growth of Dongguan. It is worth 
noting that there are still some deficiencies worth discussing in this paper. One 
caveat of the article is that the control cities we found were only prefecture-level 
cities in Guangdong province. Due to the huge development gap between PRD 
(the Pearl River delta) and non-PRD, these control cities were not good enough 
to give weights to the synthetic city. Selecting the control cities with similar 
economic development status to the experimental group, and estimating the 

 

 

3Siphon Effect: originally refers to the physical phenomenon that liquid will flow from one side with 
high pressure to the other side with low pressure due to the existence of gravity and potential energy 
difference between liquid molecules. The “siphon effect” in economics refers to the fact that with the 
continuous development of a central city, when it grows into a large city or even a first-tier su-
per-large city, it will attract talents, investment, population, information and other high-quality re-
sources from disadvantaged areas due to the high concentration of high-quality medical care, educa-
tion, infrastructure resources and abundant capital. For big cities, this will lead to further improve-
ment of competitiveness and further expansion of scale. 
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impact of the opening of transportation infrastructure on economic growth 
more accurate remains a very important next step in this research agenda. 
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