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*e total mileage of highways in China ranks first in the world and constitutes an important symbol of China’s modernization.
Economists, however, continue to debate whether highways always promote economic growth in every region and how to assess
the impact. In this paper, we first use the OD-MATRIX method to calculate the shortest highway traveling time among 332
prefecture-level cities in China from 2000 to 2013. It is shown that the reduction of traveling time brought by highway con-
struction significantly improves enterprise productivity. Second, to further explore the mechanism at work, we apply market
potential approach to examine its effect on productivity. It is found that on average, the enhanced market potential induced by
highway construction in China positively affect enterprise productivity. Finally, we calculate urban centrality via the space gravity
model and conduct a sample regression according to the rank of urban centrality. Interestingly, we find that the impact of
highways on productivity varies depending on cities’ degree of urban centrality. Highways have a positive impact in high-
centrality cities but a negative impact in low-centrality cities. *is correlation can be explained, in turn, by factors that include
labor and capital flow from low-centrality cities to high-centrality cities.

1. Introduction

*e launch of the Hujia Highway in 1988 and the Shenda
Highway in 1990 initiated the development of China’s
highways (In China, highways are divided into five grades
by function: expressways, first-grade highways, second-
grade highways, third-grade highways, and fourth-grade
highways; in this paper, the term highway refers to an
expressway with a tollgate). By 2018, the total distance of
the national highway reached 142,600 kilometers, and a
national highway network (71,118 nets) consisting of 7
capital radiation lines, 11 north-south vertical lines, and 18
east-west horizontal lines had been built. *e total mileage
is ranked first in the world, and the highway density in the
eastern and central regions has exceeded that of major
developed countries. *e highway network extending in all
directions is an important symbol of China’s transportation
modernization and an important core asset of the country
and localities.

In contrast with highways in most other countries, about
95% of China’s highways are constructed with loans that are
then repaid through toll charges. By 2017, the cumulative
investment in highway construction throughout the country
had reached RMB 7.63 trillion, and the debt balance reached
RMB 5.0 trillion. Hence, the utilization rate of the highway
after completion is an important issue. In 2013–2018, the
annual national highway mileage increased by 8.3%, but the
average daily traffic volume only increased by 3.3%. Both
debt repayment and increased utilization depend, in the final
analysis, on whether a highway has a positive effect on
productivity. But does a highway have the same promotion
effect on productivity in various regions? Practice suggests
not. Highways have accelerated the accumulation of en-
terprises in some regions but facilitated the outflow of
growth factors in other regions, thus further expanding
regional differences [1, 2]. *e reason for this differential
effect may be that highways have different degrees of in-
fluence on the productivity of different regions. Many
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studies have analyzed the importance of transportation
infrastructure construction to productivity improvement,
using theoretical models as well as empirical evidence [3, 4].
Based on the evidence from developed countries, some of the
literature suggests that the impact of highways on produc-
tivity is different in different regions, and that highways even
have a negative effect on certain regions [1, 2]. In terms of the
influence mechanisms by which highways affect productivity,
most of the literature highlights the reduction of trans-
portation costs and spatial spillover effects [5, 6]. Most of
China’s highways require drivers to pay a charge or toll, thus
having the characteristics of fast transit speed, short travel
time, and high transportation costs. *ese considerations
raise further questions: How do Chinese highways affect the
productivity of different regions? Which areas are positively
affected, and which areas are negatively affected? *rough
what mechanisms do highways affect productivity in different
regions? At present, studies addressing these questions are
rare. And in the studies that do exist, mechanisms such as
reduction of transportation costs and spatial spillover effects
are not sufficient to explain why highways have different
effects on productivity in different regions.

In this paper, in order to examine the impact of highway
development on enterprise productivity, first, cutting through
space-time compression effect, we use the OD-MATRIX to
calculate highway travel time of 332 prefecture-level ad-
ministrative cities. *e results show that, on average, con-
struction of the highway shortens the travel time between
cities and reduces the transportation cost, thus improving
enterprise productivity. Second, to further explore the
mechanisms at work, we adopt a “market potential” approach.
We improve the estimation method in Baum-Snow et al. [2],
estimate the dynamic parameter β using data for passenger
capacity in various cities in China, measure how the con-
struction of the highway network affects each city’s “market
potential,” and estimate the impact of the enhanced market
potential on enterprise productivity. We find that the market
potential induced by highways has a significant positive
impact on enterprise productivity. *ird, we analyze the
heterogeneity of the impact. We calculate the urban centrality
by using the spatial gravity model and then conduct a sample
regression according to the rank of urban centrality. Inter-
estingly, it is that the highway in high-centrality cities has a
positive impact on productivity, on the contrary, in cities
ranked lower than 200 for centrality, highways have a negative
impact on productivity. Further exploring the reasons for the
heterogeneity, we find that the development of the highway
network allows labor and capital to flow from a centrally weak
city to a centrally strong city.

*e main contributions of this paper include the fol-
lowing: First, drawing on Janelle’s [7] “compression of time
and space” theory, we adapt the OD-MATRIX method to
measure the shortest travel time on highways in Chinese
prefecture-level cities (*e sample set used in this paper
includes all the second-level local administrative regions in
China, namely, municipalities, prefecture-level cities, au-
tonomous prefectures, and leagues). We use this measure as
an explanatory variable to establish a regression equation
between highways and productivity. Second, in accordance

with Donaldson’s [8] approach, we treat market potential as
an intermediary mechanism by which highways affect pro-
ductivity. Some studies in the literature examine the changes
in regional market potential caused by highways but rarely do
these studies directly estimate the impact of market potential
on productivity in the manner outlined here. *ird, we
improve on the Baum-Snow et al. [2] parameter estimation
method through the market potential calculation formula of
Chen and Haynes [9]. Relying on that formula, we calculate
the market potential of each city by using the result of the
regression estimation of the road impedance function—based
on passenger volume data for different prefecture-level cities
in China. Fourth, based on the spatial gravity model, we
analyze urban centrality and characterize urban heteroge-
neity, conducting a sample regression to explore the different
effects of highways on the productivity of different kinds of
cities.We come to a conclusion different from that reached by
other researchers, arguing that the impact of the highway on
productivity is different depending on a city’s degree of
centrality. More specifically, highways have a positive influ-
ence on high-centrality cities and a negative influence on low-
centrality cities. Fifth, we verify Faber’s [1] hypothesis con-
cerning “core-periphery effects of trade integration between
ex ante asymmetric markets”; that is, the opening of highways
promotes an outflow of growth factors such as labor and
capital from low-centrality cities to high-centrality cities.

2. Literature Review

*e focus on the relationship between highways and pro-
ductivity began with the discussion of the US “productivity
crisis” that started in the early 1970s. According to this re-
search, the productivity of the United States increased by 2.5%
annually on average from 1948 to 1969, whereas the average
annual growth rate was 1.1% from 1969 to 1987 [10]. Some
scholars referred to the low productivity growth rate of this
period as the “productivity crisis” [11]. Scholars such as Baily
et al. [12], Denison [13], andGriliches [14] attempted to explain
what may have caused this productivity crisis, but their ana-
lyses were not widely accepted. *en, Aschauer [15] published
a groundbreaking study hypothesizing that the decline in US
public capital (or infrastructure) investment is the root cause of
the decline in productivity growth rates, and that a 10% in-
crease in public infrastructure stocks would improve the
productivity of the private sector from 3% to 5.6%. Since
highways account for 32% of all public capital [16], its impact
on productivity would be, on this model, quite significant.

In the decades following Aschauer’s [15] study, re-
searchers measured the contribution of highway investment
to productivity and arrived at two diametrically opposite
conclusions. *e majority of the researchers concluded that
highway investment has a positive effect on economic
growth. Jiwattanakulpaisarn et al. [17], for example, mea-
sured the output elasticity of highways at +0.029 and +0.054.
Pereira and Andraz [18], Berechman et al. [19], and Ozbay
et al. [20] found that highways have a positive impact on
regional outputs. Holl [5] and Chakrabarti [21] conducted
research on highways in Spain and India, respectively, and
found that they have a positive effect on manufacturing
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productivity. Gao et al. [22] argued that highways have
increased the productivity of China’s service industry, and
Bu et al. [23] suggest that highways correct for limitations of
growth factors and increase productivity. At the same time,
however, other researchers reached the opposite conclusion,
finding that highway investments have no significant or even
a negative impact on productivity growth. For their part,
Eisner [24], Evans and Karras [25], and Garcia-Milà et al.
[26] found no significant impact on productivity in their
research on US state highways.

As for the mechanisms by which investment in highways
affect productivity, most of the existing literature targets
transportation costs and space spillover. For example,
Shirley and Winston [27] and Datta [28] found that high-
ways reduce the company’s inventory and logistics costs.
Duranton and Turner [29], Ghani et al. [30], and Holl [5]
stated that highways yield savings on business travel costs
and time, as well as a reduction of transportation costs,
which all directly affect productivity. Other transportation
scholars have focused on space spillovers. In the framework
of spatial econometrics, Pereira and Andraz [18], Berechman
et al. [19], Yu et al. [31], and Chen and Haynes [9] found,
through empirical analysis, that highway investment has a
positive space spillover effect. On the one hand, highways
improve the supply chain and customer service by saving
time, attract more enterprises to a given area, increase the
scale or density of agglomeration, and generate agglomer-
ation externalities such as knowledge spillover, a larger labor
pool, and input sharing with neighboring enterprises. On the
other hand, the reduced travel time enabled by highways
creates labor mobility and allows growth factors to flow
more rapidly, facilitating learning effects, matching effects,
and sharing effects, and expanding the geographical range
that an agglomeration economy may achieve—that is,
expanding its “effective density,” in Graham’s [32] terms.

With regard to the relationship between highways and
productivity, why do different researchers draw such di-
vergent conclusions? Recently, some transportation scholars
have criticized the methods of the earlier researchers, noting
their failure to take into account the reverse-causality re-
lationship between highways and outputs, their neglect of
key analytic variables [16], and their failure to consider the
time-lag effect of the highways [17]—with these methodo-
logical problems resulting in the divergent findings. Other
researchers have addressed these issues from the perspective
of space spillover effects. Highways may shift economic
activity from one region to another, causing a positive
spillover effect in some areas but a negative spillover effect in
neighboring areas [33]. But this account begs another
question: Which areas will experience a positive spillover
effect from highways, and which a negative spillover effect?
*is question has yet to be answered satisfactorily.

3. Data and Variables

3.1.MainExplanatoryVariable: ShortestHighwayTravelTime
between Cities. According to the “space-time compression”
theory of Janelle [7], the most important impact of highways
on regional development lies in the shortened travel time

between cities. *erefore, in studying the relationship be-
tween highways and productivity, choosing the shortest
travel time as the proxy variable for a given highway is more
suitable than the traditional highway indicators such as
mileage and density.

In order to calculate the shortest travel time on highways
between cities, we established the digital maps of highways
each year during the period 2000–2013. We first used
ARCGIS to obtain and map the highway vectors during these
years, and then used the latest version of China’s highway
network map for calibration. Next, we confirmed the speed of
each highway segment. In the work of measuring highway
travel time between two regions, the traveling speed is an
important factor. In China, highways have speed limits,
according to which the maximum speed should not exceed
120 kilometers per hour, and the minimum speed should not
be lower than 60 kilometers per hour. Li and Shum [34], when
calculating highway travel times, set the average speed of
highways at 100 kilometers per hour and the average speed of
national highways (*e term national highways here refers to
roads other than the expressways that are nonetheless clas-
sified as highways.) at 60 kilometers per hour. *is simplified
calculation method, however, fails to take into account dif-
ferent highway speed limits, and different speed limits will
seriously affect the travel time between two regions. *ere-
fore, when calculating the actual travel time between cities, it
is necessary for transport speed to be accurately matched with
each section of the road according to the speed limit for that
particular section. For this paper, we used GPS navigation
data from Amap to match the speed limit for each road
section with the GIS map. Finally, we generated the digital
maps of highways each year from 2000 to 2013. We deter-
mined the opening dates for each highway since the opening
of the first Shanghai-Jiading Highway in 1998 and then drew
the digital map of the highway year by year using the sub-
traction method (see Figure 1).

In this study, we use the methods of Lin et al. [35] to
calculate the shortest highway travel time. *e shortest travel
path between two regions was selected by using the shortest
travel-time path rather than the shortest space path, so spatial
distances had to be converted into temporal durations in our
calculations. We matched the speed limit data of each road
section with GIS map and used OD-matrix method to cal-
culate the shortest travel time between cities. To do so, we built
a road network between city i and city j, and then set the speed
of the road according to the speed limit for different sections.
Afterwards, we calculated the actual travel time for each road
section according to the mileage and transportation speeds. In
the end, we selected the shortest travel path between city i and
city j according to the calculated travel time. *e highway
travel time between city i and city j is the sum of the “time
distance” of this route.*e formula for calculating the shortest
highway travel time between city i and city j is as follows:

time disij � time disir1
+ time disjr2

+ min time disr1r2
 .

(1)

*e time distance between city i and city j is the travel time
from the center of the city i to the closest highway entrance r1,
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time disir1
plus the travel time from the center of the city j to

the closest highway entrance r2, time disir2
plus the shortest

travel-time distance between r1 and r2 after speed limits are
factored in. In addition, since the highway network does not
encompass all cities in China during the sample period
(2000–2013), in order to avoid numerous missing data points,
the national highway network in 2014 was also included in
our digital map of the highway network. *us, for the pur-
poses of our study, travelers are assumed to travel on the
national highway even in places where there is no highway,
and the time distance is then calculated according to the speed
limit of the national highway. Finally, we used to formula (2)
to calculate the highway travel time for each city:

Ti � 

n−1

j�1
time disij. (2)

Table 1 reports the summary results for highway travel
time. It can be seen that the highway network has signifi-
cantly reduced the total cross-regional travel time in China.

Moreover, the travel time presents a typical “center-
periphery” distribution pattern. *e Beijing-Tianjin-
Hebei area, the Yangtze River Delta area, and the middle
reaches of the Yangtze River have the shortest travel times,
and then travel times gradually increase when one moves
from this central region to the periphery. *e northwest
region and some northeast regions have the longest travel
times (Figure 2).

3.2. Explained Variable: Enterprise Total Factor Productivity
(TFP). *e data for measuring productivity at the enterprise
level comes from the Chinese industrial enterprise database.
China industrial enterprise database is established by the
National Bureau of statistics, whose data mainly come from
the quarterly and annual reports submitted by sample en-
terprises to the local statistical bureau. *e sample range is all
state-owned industrial enterprises and nonstate-owned in-
dustrial enterprises above scale, and its statistical unit is the
business entity. *e statistical caliber of “industry” includes

N2000

highway
the South China Sea

N2004

highway
the South China Sea

N2008

highway
the South China Sea

N2013

highway
the South China Sea

Figure 1: *e highway layout of China in 2000, 2004, 2007, and 2013.
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three categories of mining industry, manufacturing industry,
and production and supply of electricity, gas, and water in
industry classification of national economy, mainly
manufacturing industry (accounting for more than 90%).
“Above scale” here refers to the annual main business income
(i.e. sales) of an enterprise is at or above 5 million yuan.
Chinese industrial enterprise database is the most compre-
hensive enterprise database which includes two types of in-
formation: one is the basic situation of the enterprise, the
other is the financial data of the enterprise [36]. According to
the incomplete statistics of Google scholar database and Nie
et al. [36], as of the end of 2016, more than 200 overseas
academic papers have used China industrial enterprise da-
tabase, where the published journals includes comprehensive
journals such as Quarterly Journal of economics, American
Economic Review, Review of Economic Studies, and Economic
Journal, and disciplinary journals such as Journal of Devel-
opment Economics, Journal of Urban Economics, etc. [37].

Before using, we process the data as follows: We follow
the practice of Brandt et al. [38] who use the corporate legal
person code, company name, legal person name, province
and city code, legal representative name, telephone number,
industry code, year of establishment, and main products to
carry out multiple-field matching (hence, the unbalanced
panel data for 2010–2013). Also, like Brandt et al. [38], we
eliminate duplicate samples, and like Cai et al. [39] we threw
out samples that lacked important information. Further-
more, we use the 2004 economic census data to fill in the
missing values for gross industrial output in 2004, and the
2011 indicator of state capital to fill in missing values for
2009 and 2010. Finally, we follow Cai et al. [39] in measuring
the missing industrial added value through the formula of
industrial added value� industrial gross output - interme-
diate input + value-added tax.

To calculate the total factor productivity of firms, we
construct the input-output indicators of those firms, in-
cluding their actual net output level, their capital stock, their
labor costs, and their intermediate input. We rely in the first
instance on the method of Jian [40], using the industrial
added value as the measure of the net output level of the
enterprise, and averaging the industrial added value of the
enterprise according to the industrial product mill price

index of each province.*en, we use the perpetual inventory
method to calculate the capital stock of the enterprise. We
take the net value of the fixed assets of each enterprise in the
year of its occurrence as the initial capital stock of the
enterprise and reduce it to the initial value of the fixed asset
investment price index of each province at the beginning of
2000; we use the same method to get the actual amount of
depreciation per year. Finally, we use the industrial product
mill price index of each province to adjust the intermediate
input amount to the constant price in 2000 as the actual
intermediate input amount of each enterprise.

*e calculation methods of TFP include ordinary least
squares (OLS), Fixed effect (FE), Olley-Pakes approach
(OP), the Levnsohn-Petrin approach (LP), and GMM ap-
proach. Since the OP approach can avoid the endogeneity
problem and sample selection bias occurring in other
methods that can get more accurate estimation results [41],
in this study, we use the OP method to calculate the en-
terprises total factor productivity.

Following the idea of Olley and Pakes [42]; we estimate
the following model:

ln Yit � β0 + βk ln Kit + βl ln Lit + βaageit + βsstateit

+ βeEXit + 
m

δmyearm + 
n

λnregn + 
k

ξkindk + εit,

(3)

where Yit denotes industrial added value of enterprise i in
year t, K and L denote scale of fixed assets and employees,
respectively, yearm, regn, and indk denote dummy variable of
year, region, and industry, respectively. ageit denotes the
enterprise age, stateit denotes the dummy variable of
whether the enterprise is state-owned, and EXit denotes the
dummy variable of whether the enterprise participates in
export activities. We use O-P semi-parameter three-step
approach to calculate the productivity and the result
weighted average by region is shown in Figure 3.

3.3. Mechanism Variable: Market Potential. *e concept of
market potential can be traced back to Harris [43] who
measured the potential market that a region can obtain

Table 1: *e shortest travel time for highways in China.

Year Average total travel time (in hours) per city Average travel time between cities
2000 13671.23 41.1784
2001 12664.46 38.1460
2002 11985.27 36.1002
2003 11227.63 33.8182
2004 10889.99 32.8012
2005 10411.30 31.3593
2006 10150.54 30.5739
2007 9778.00 29.4518
2008 9025.746 27.1860
2009 9031.845 27.2043
2010 7332.246 22.0851
2011 6899.249 20.7809
2012 6466.252 19.4767
2013 6367.426 19.1790
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based on the size of the target market and Euclidean
distance. *e formula is MPi � 

R
j�1 Mj/dij, where MPi is

the market potential of the place of origin i, Mj is the
market size of the target market j, and dij is the Euclidean
distance between city i and city j. *ere are three problems
with this method. First, Euclidean distance cannot take into
account road conditions, terrain conditions, and many

other factors that affect transportation costs. Second, Eu-
clidean distance does not change with time, whereas traffic
conditions are constantly improving over time, with
transportation costs changing accordingly. *ird, the
method simplistically considers the economic aggregate of
the target market and ignores factors such as market
competition and scale economy.

N2000

25231. 510001 – 46642. 270000
15950. 210001 – 25231. 510000
13108. 980001 – 15950. 210000
10826. 290001 – 13108.980000
9168.553001 – 10826.290000
5682.99 1000 – 9168.553000
null

travel time

the South China Sea

N2004

24416. 610001 – 45827. 360000
14662. 070001 – 24416. 610000
11639. 650001 – 14662. 070000
9424. 096001 – 11639. 650000
7983. 817001 – 9424. 096000
5682. 991000 – 7983. 817000
null

travel time

the South China Sea

N2008

22110. 250001 – 43577. 390000
13051. 330001 – 22110. 250000
10138. 290001 – 13051. 330000
8527. 897001 – 10138. 290000
7098 . 423001 – 8527. 897000
5673. 270000 – 7098. 423000
null

travel time

the South China Sea

N2013

14650. 940001 – 20892. 360000
10421. 290001 - 14650. 940000
7789 . 365001 – 10421. 29 0000
6238. 084001 – 7789. 365000
5169 . 313001 – 6238. 084000
4172. 873000 – 5169. 313000
null

travel time

the South China Sea

Figure 2: Travel time for Chinese highways in 2000, 2004, 2008, and 2013.
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Krugman [44] derives the market potential from general
equilibrium.*e expression formula used in Krugman’s [44]
study is MPi � 

R
j�1 τ

1−σ
ij × Ej/G1−σ

j , where MPi is the market
potential of the place of origin i, τ1−σ

ij is the transportation
cost between city i and city j, σ is the product elasticity of
substitution, Ej is the consumption expense of city j, and Gj

is the price index of city j. In contrast with Harris’s [43]

analysis of market potential, Euclidean distance is replaced
by the transaction cost between two cities; this cost depends
not only on geographical distance but also on degree of
openness to trade, trade barriers, and other factors. *e size
of the target market is replaced by the demand, which de-
pends on market demand capacity, as well as the number
and price of competitive firms. From this perspective,

N2000

0. 010000
0. 010001 – 1.860245
1. 860246 – 2. 361051
2. 361052 – 2. 793560
2. 793561 – 3. 729732
null
the South China Sea

Tfp_op2000
TFP

N2004

0. 020000 – 0. 999074
0. 999075 – 2. 273889
2. 273890 – 2. 679856
2. 679857 – 2. 987781
2. 987782 – 3. 572651
null
the South China Sea

Tfp_op2004
TFP

N2008

0. 040000
0. 040001 – 2. 816559
2. 816560 – 3. 253529
3. 253530 – 3. 709651
3. 709652 – 4. 472412
null
the South China Sea

Tfp_op2008
TFP

N2013

0. 070000
0. 070001 – 2. 866759
2. 866760 – 3. 343162
3. 343163 – 3. 779970
3. 779971 – 4. 846473
null
the South China Sea

Tfp_op2013
TFP

Figure 3: Firm productivity weighted average, by region, in 2000, 2004, 2008, and 2013.
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market potential as described by Harris [43] can be seen as a
special case of Krugman’s [44] market potential. In practical
applications, Krugman’s [44] analysis of market potential
also faces challenges, however. For one thing, it is difficult to
obtain data for many of the variables.

Donaldson [8] proposed the concept of “market access.”
Market access depends on the economic aggregate of the target
market, on the one hand, and the transportation cost between
two places with parameter assumptions, on the other hand.
Donaldson [8] uses the formula 

R
j�1 τ

−θ
ij GDPj, where τij

refers to the transportation cost, including the transportation
time and expenses. θ is the degree of influence on the local
market. It can be seen that Donaldson’s market access is a
concept that lies somewhere between the contrasting accounts
of market potential of Harris [43] and Krugman [44].

Chen et al. [45] summarized the method for calculating
market potential indicators, offering a general expression of
market potential via formula (4). Donaldson’s [8] “market
access” is a special case of this formula.

MPi �


R
j�1 Mj

f τij 
. (4)

Here, f(τij) is an impedance function that describes the
resistance to the target market as the transportation cost
increases, and the impedance function is determined by the
traffic purpose, the trafficmode, the spatial scale of travel, the
personal characteristics of the traveler, the area of the
destination, and other factors [46]. In applying this formula,
it is necessary to choose the function form and parameter
values that match the actual situation. Usually, there are two
forms of the impedance function f(τij):

f τij  � τij
θ
, (5)

f τij  � exp β × τij , (6)

where θ and β are parameters to be estimated in the function.
In order to calculate the market potential indicator, we

should first choose the appropriate impedance function.
Geurs and Ritsema van Eck [47] found that the form f(τij) �

τθij decays too fast in short-distance transport, while the form
f(τij) � exp(β × τij) is more suitable. *erefore, the formula
we use for calculating market potential is as follows:

MPi �


R
j�1 M j

exp β × τij 
. (7)

In this formula,M j is size of the targetmarket, city j, which
is indicated by GDP of the city. τij is the transportation cost
between the two cities. In accordance with the method used by
Baum-Snow et al. [2], τij is the multiple of the transportation
cost converted on the basis of the shortest travel time, which is
greater than 1. *e calculation formula is as follows:

τij � 1 + 0.004ρ traveltimeij 
0.8

. (8)

*is formula can simultaneously capture economic cost
and time cost. traveltimeij is the shortest travel time (in

hours) on the highway between the origin city i and the
target city j. ρ is the freight conversion factor of the shortest
travel time in 8 hours of the transit day. Hummels and
Schaur [48] estimated that this cost is equivalent to an ad
valorem duty of about 0.6% to 2.1% per day. Limao and
Venables [49] estimate that the freight cost for each ton per
1000 miles is 2% of the cost of goods, or 1% every day. When
ρ � 1, according to formula (8), the daily transportation cost
of an 8-hour transit is 2.1%. *erefore, in accordance with
Baum-Snow et al. [2]; we assume ρ � 1 in this paper.

To measure market potential in relation to highways, it is
necessary to further estimate the parameter β after obtaining
the shortest travel time for the highways.

In estimating parameter β, Yi and Kim [50] used the
impedance function of formula (6), adopted the inter-city
traffic and transportation costs in Korea, and estimated that
the parameter value is about 0.017. Rosik et al. [46] arrived at
a threshold value of 0.009 to 0.049 in their research on the
region of one country. Since the annual passenger flow
volume is different from year to year, however, the value of
the parameter should change with time. In this paper, we
improve on Yi and Kim [50]’s practice of setting β as a fixed
value, estimating parameter β year by year.

Due to the lack of regional vector data for passenger flow
in China, we first transformed the passenger capacity of each
city into vector data according to the population of each city
and the distance between two cities, generated an OD
matrix, and then calculated the gravity coefficient between
city i and city j according to formula (9):

kij �

���
Mi


∗

���
Mj



dij

, (9)

where kij is the coefficient of gravitation between the city i
and city j based on the population and space distance. Mi

and Mj are, respectively, the population of the city i and city
j. d ij is the distance between the city i and city j. For
purposes of calculation, we used the straight-line distance
between the government offices in two given cities.

According to formula (10), with the coefficient of
gravitation as the weight, the passenger traffic of i is equally
weighted and distributed across each city:

ODij1
� pci ∗

kij1

kij1
+ kij2

+ kij3
+ . . . + kijn

,

ODij2
� pci ∗

kij2

kij1
+ kij2

+ kij3
+ . . . + kijn

,

⋮

ODijn
� pci ∗

kijn

kij1
+ kij2

+ kij3
+ . . . + kijn

.

(10)

In this formula, ODijn
is the passenger capacity between

the city i and the city jn. pci is the passenger capacity of the
city i. kijn

is the coefficient of gravitation between the city i
and city jn.
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*e indicator β is estimated according to

ln ODij � αi ln Mi + αj ln Mj − βTij, (11)

where ODij is the passenger capacity between the city i and j.
ODij � M

αi

i M
αj

j exp(Tij)
− β, with Tij being the shortest

highway travel time between city i and j.
Using the data on transportation and passenger capacity

in the City Statistics Yearbook, we estimate β for the period
2000–2013 year by year.*e result is shown in Table 2. It can
be seen that the coefficient increases over time.

Finally, we use formula (7) to calculate the market
potential of cities. Table 3 is the average value of the log
market potential of various prefecture-level cities each year.

As was the case with travel time, market potential also
shows a center-periphery distribution pattern. *e market
potential of the Beijing-Tianjin-Hebei region, the Yangtze
River Delta region, and the middle reaches of the Yangtze
River is greatest, and then gradually decreases toward the
periphery (Figure 4).

3.4. Control Variable

Enterprise age (age): According to the theory of en-
terprise life cycle, the development of an enterprise
should go through three stages of growth, maturity, and
decline. In the growth stage, due to “learning by doing”
and innovation, productivity gradually increases, while
after reaching maturity, “lockstep” causes productivity
to fall. We take the current year minus the year the
enterprise first appeared in the database as the enter-
prise age.
Asset size (size): With the continuous expansion of the
enterprise scale, the specialization ability increases,
which creates favorable conditions for the division of
labor, reduces the production cost, and improves the
production efficiency [51].We select the asset size as the
proxy variable of the enterprise scale.
State-owned capital ratio (state-owned): Due to insti-
tutional reasons, the productivity of state-owned en-
terprises is relatively low, while private enterprises
formed under the market mechanism have better
technical characteristics and higher productivity. We
choose the proportion of state-owned capital as the
proxy variable of institutional factors.
Regional R&D capital (R&D): *e increase in research
and development investment is an important engine of
productivity growth [52]. We select regional R&D
capital to measure R&D inputs.
Population density (popdens): Compared to smaller
cities, in large cities with large population density and
dense economic activities, the production efficiency of
enterprises is higher [53]. However, too high pop-
ulation density will produce crowding effect, which is
not conducive for the improvement of productivity.We
predict an inverted U-shaped relationship between
population density and productivity, and introduce
population density and its square term into the model.

Foreign direct investment (FDI): FDI can improve the
enterprises’ productivity by imitating and learning the
technology and management experience of foreign
enterprises to improve market competition [54, 55].
We take regional foreign direct investment as the
measure of FDI.

*e enterprise-level data in the control variables comes
from China’s industrial enterprise database, the regional-
level data mainly comes from the China City Statistical
Yearbook, and some missing years are supplemented by
China Regional Statistical Yearbook. In order to ensure the
integrity of the sample, we supplement the data for au-
tonomous prefectures and leagues with the Provincial Sta-
tistical Yearbook and Statistical Bulletin. A statistical
description of the main variables is presented as Table 4.

4. Empirical Specification

In order to explore the impact of highway development on
total factor productivity, in Section 5, we first use themethod
of Lin [56] to construct the following baseline empirical
model:

ln TFPict(  � α + β1Traveltimect + β2Vit + β3Oct + β4Tct

+ δt + δi + εict.

(12)

ln(TFPict) is the explained variable, namely, the total factor
productivity of city c in year t, which is the sum of the
shortest travel time from the city to all other cities. TFPict
indicates the total factor productivity of the enterprise i
located in city c in the t year. Traveltimect is the main ex-
planatory variable, namely, the shortest travel time of the
highway. β1 is the estimation coefficient. If β1 < 0, this in-
dicates that the reduction of travel time brought about by
highways has significantly increased the total factor pro-
ductivity of enterprises, that is, the highway positively affects

Table 2: Estimating parameter β using the impedance function.

Year Estimated value of β Year Estimated value of β
2000 0.014 2007 0.014
2001 0.012 2008 0.013
2002 0.012 2009 0.014
2003 0.014 2010 0.029
2004 0.013 2011 0.033
2005 0.015 2012 0.044
2006 0.014 2013 0.044

Table 3: Log market potential value of cities in China, 2000–2013.

Year Log market potential Year Market potential
2000 11.2629 2007 12.3715
2001 11.3689 2008 12.5623
2002 11.4891 2009 12.8385
2003 11.6621 2010 12.8551
2004 11.8549 2011 13.0384
2005 12.0238 2012 13.1474
2006 12.1865 2013 13.2434
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enterprise productivity. Conversely, if β1 > 0, this means
that the highway has a negative impact on productivity.

Vit is a control variable at the firm level, including the age
of the enterprise (Age), the size of the assets (Scale), the
strength of the export (Export), and the proportion of state-
owned capital (Own State), which is used to control the
impact of the company’s own factors on productivity.

Oct is a control variable at the city level, including Gross
Domestic Product (GDP), Population (POP), Foreign Direct
Investment (FDI), Research and Development capital
(R&D), which is used to control the impact of regional
characteristics on local productivity.

Tct is a control variable for other transportation; we
select the length of ordinary rail (Railway), which is used to

N2000

104619. 000000
104619. 000001 – 106033. 100000
106033. 100001 – 106139. 700000
106139. 700001 – 106164. 700000
106164. 700001 – 106182. 200000
106182. 200001 – 106203. 100000
null

market potential

the South China Sea

N2004

165213. 900000
165213. 900001 - 167231. 500000
167231. 500001 - 167422. 900000
167422. 900001 - 167462. 400000
167462. 400001 - 167492. 400000
167492. 400001 - 167518. 300000
null

market potential

the South China Sea
N2008

326421. 200000
326421. 200001 – 329700. 800000
329700. 800001 – 330020. 400000
330020. 400001 – 330140. 000000
330140. 000001 – 330201. 600000
330201. 600001 – 330245. 100000
null

market potential

the South China Sea

N2013

607401. 300000
607401. 300001 – 612876. 400000
612876. 400001 – 613579. 700000
613579. 700001 – 614050. 400000
614050. 400001 – 614360. 100000
614360. 100001 – 614586. 200000
null

market potential

the South China Sea

Figure 4: Market potential across the different regions China in 2000, 2004, 2007, and 2013.
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control the impact of other means of transportation on
productivity. δt is time fixed effect to control the macro-
economic impact in the time dimension. δi is firm fixed
effect that controls individual characteristics that do not
change over time.

To better capture the impact of highway on enterprise
productivity, in the sixth section, we use themarket potential
approach and examine the impacts of market potential
growth, induced by highway, on enterprise productivity.
Compared with the existing researchmethods of quantifying
transportation infrastructure, there are three major ad-
vantages of market potential: first, it quantitatively evaluates
the comprehensive impact of transportation infrastructure.
With the expansion of transportation infrastructure, the
transport cost between cities is significantly reduced. *e
more convenient the transportation, the higher the market
potential. Second, it depicts the overall impact of trans-
portation infrastructure on each city. In the process of
calculation, all possible transportation schemes in the global
scope are used, that is, the degree of global convenience
within the national transportation network and the degree of
interconnection with important economic regions are used
to determine the market potential. *ird, it can describe
both the direct and indirect impact of transportation in-
frastructure construction. When the transportation facilities
of neighboring cities become more perfect, even if the
conditions of the city do not change, it will have a significant
impact on the results and improve its market potential.

According to the analysis above, the model is:

ln TFPict(  � α + β1MPct + β2Vit + β3Oct + β4Tct + δt + δi + εict,

(13)

where MPct is the market potential induced by highway of
city c in year t. β1 is the estimation coefficient, β1 > 0 in-
dicates that the enhanced market potential induced by
highway construction has significantly increased the total
factor productivity of enterprises.

5. Travel Time and Productivity

For a preliminary visualization of the relationship between
the travel time for highways and firm productivity, see the
generated scatter diagram and fit line in Figure 5. It is

evident that the travel time for highways is negatively
correlated with firm productivity, a finding that is in line
with our expectations.

5.1. Baseline Regression. Table 5 reports the results of the
two-way fixed-effect model that we used in our study. Model
(1) introduces the main explanatory variables, and examines
the independent impact of highway construction on pro-
ductivity. Models (2) and model (3) gradually introduce
control variables at the firm level and region level. *e
regression result shows that the coefficient of the shortest
highway travel time (Traveltime) on firm productivity is
always significantly negative, so the reduction of travel time
brought about by highway construction significantly and
positively affects firm productivity. On average, the con-
struction of highways has reduced the travel time between
cities, which in turn increases firm productivity in cities.

5.2. Robustness Test. We conducted a robustness test of the
benchmark regression results, targeting the following four
issues:

(1) Referring to the method of Liu et al. [57], Zhang [6],
and so on, we selected highway mileage, highway
density, and highway mileage per capita to replace
the travel time as the proxy variable for the main
explanatory variable. Tables 6 and 7 describe high-
way density in China in 2000 and 2013.*e regres-
sion results are shown in model (1), model (2), and
model (3) in Table 8.

(2) In order to avoid the influence of measurement error
on the results, we used the Levinsohn-Petrin method
(LP method) to recalculate the firm total factor
productivity, instead of using the OP method as the
proxy variable for the explanatory variable. *e re-
sults are shown in the model (4) of Table 8.

(3) Considering the data-quality problems in the
Chinese industrial enterprise database, we selected
the time period 2000–2008 since there are rela-
tively good-quality data for this period for the
purposes of regression. *e results are shown in
model (5) of Table 8.

Table 4: Statistical description of the main variables.

Name Description Mean Standard deviation
TFP Log of enterprise total factor productivity 3.2084 1.1014
Traveltime Log of travel time to various cities 8.9189 0.2715
MP Log of market potential 12.3972 0.6102
Age Log of enterprise age 1.9973 0.7960
Scale Log of total enterprise assets 9.8982 1.5983
Export Ratio of export delivery value to gross industrial output 0.1498 0.3358
Own state Ratio of state-owned capital to the total assets of the enterprise 0.0468 0.2004
GDP Log of GDP 7.4207 1.1388
R&D Log of city R&D capital 11.89178 2.3912
POP Log of population 8.1434 1.8344
FDI Log of direct foreign investment 12.9379 1.9006
Railway Log of ordinary railway mileage 5.3951 0.9881
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(4) Due to data-quality problems in the industrial en-
terprise database for 2010, we independently elimi-
nated the data for 2010 for purposes of regression.
*e results are shown in the model (6) of Table 8.

*e coefficient of highway mileage (Highway_mileage)
in model (1), highway density (Highway_density) in model
(2), and highway mileage per capita (Highway_per) in
model (3) is significantly positive, and the coefficients of
travel time in model (4), model (5), and model (6) are all
significantly negative. All regression results prove that
these results are robust.

5.3. Discussion of Endogeneity. Due to the reverse-causality
problem between location conditions and regional economic
development, the goal of China’s “five vertical and seven
horizontal” National Trunk Highway System (NTHS) is to
connect all major provincial capitals and large cities with a
population over 500,000. *ese cities have better economic
conditions, larger population size, and bigger market scale,
so the local enterprises enjoy greater productivity. A better
way to solve endogeneity, however, is to use instrumental
variables to conduct a two-stage regression. *e selection of
instrumental variables needs to meet two requirements: the
first requirement is to have a significant connection with the
endogenous explanatory variables, and the second re-
quirement is that the instrumental variables must be ex-
ogenous [58]. Our study adopts the average elevation of each
city as the instrumental variable. Elevation is an important
factor affecting the construction of highways, and the dif-
ficulty, duration, and cost of highway construction in high-
elevation areas are obviously higher than in low-elevation
areas, which indicates that there is a strong correlation
between highway construction and local elevation. In ad-
dition, it seems that elevation cannot affect enterprise
productivity through other ways, that is to say, it can only
affect enterprise productivity through highway construction,
that is, it can satisfy exogeneity.

Since the instrument of geographic information like ele-
vation does not change over time, we refer to Lin et al. [35] to
construct an interaction term between the average elevation
and the dummy variables of each year to construct a tool
variable combination. Table 9 reports the regression result of
the instrumental variable. Model (1) is the result of the OLS
method, model (2) is the result of the 2SLSmethod, andmodel
(3) is the first-stage regression result. In model (3), elevation
and time interaction items are significantly positive, that is, the
elevation is positively correlated with the travel time, indi-
cating that the elevation has a significant negative relationship
with the highway construction, which is consistent with the
intuition, and the instrumental variable is reasonable. Klei-
bergen-Paap rkWald F statistics is 23.188, which is larger than
the empirical value of 10 proposed by Staiger and Stock [59].
*erefore, the hypothesis of weak instrumental variables is
rejected, indicating the validity of instrumental variables. *e
2SLS regression result is consistent with the benchmark re-
gression, indicating that after considering endogeneity, the
reduction of travel time can still improve the firm’s produc-
tivity. Nationally, then, the construction of highways has a
significant positive effect on firm productivity.
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Figure 5: Highway travel time and firm productivity, 2000–2013.

Table 5: Result of baseline regressions.

(1) (2) (3)
TFP TFP TFP

Traveltime −0.3014∗∗∗ −0.3344∗∗∗ −0.2018∗∗∗
(−15.6027) (−17.9077) (−10.7397)

Age 0.0654∗∗∗ 0.0653∗∗∗
(36.8537) (36.9506)

Scale 0.2278∗∗∗ 0.2264∗∗∗
(168.9943) (167.7992)

Export 0.0101∗∗∗ 0.0095∗∗∗
(3.9584) (3.7152)

Own state −0.1034∗∗∗ −0.0985∗∗∗
(−15.3840) (−14.6627)

GDP 0.1921∗∗∗
(28.3932)

R&D 0.0223∗∗∗
(16.4775)

POP 0.0085∗∗∗
(8.3017)

FDI 0.0216∗∗∗
(17.9286)

Railway −0.0538∗∗∗
(−10.5808)

Constant 5.8450∗∗∗ 3.9560∗∗∗ 1.2244∗∗∗
(32.4057) (22.6839) (6.4738)

Firm fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
N 3,027,046 3,027,046 3,027,046
R-squared 0.0470 0.0914 0.0932
Note. Standard errors are stated in parentheses below point estimates.
∗∗∗1%, ∗∗5%, and ∗10% significance levels.

Table 6: Highway density in different regions of China.

Year East Middle West Northeast
2000 86.51 28.45 5.34 21.65
2013 415.68 341.60 74.15 150.24

Table 7: Highway mileage per capital in different regions of China.

Year East Middle West Northeast
2000 17.83 8.32 10.35 16.02
2013 72.08 95.17 135.36 108.91
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5.4. Time Trend of Highway Impact on Productivity. In order
to further explore the dynamic changes of the influence of the
highway on firm productivity, this paper introduces the in-
teraction term between the year dummy variable and travel
time into the benchmark regression equation. To prevent
multicollinearity, the passage time and year 2000 are removed
as a benchmark, and the interaction term in the regression
result is basically significantly negative. We plot the absolute
value of the influence coefficient of the travel time on pro-
ductivity each year. *e results are shown in Figure 6. From
2000 to 2013, the impact of highways on productivity has
generally increased. From 2000 to 2004, the change of coef-
ficient is relatively stable, while in the period from2004 to 2008,
it becomes relatively flat, and after 2008, the increasing trend of
it is more obvious, indicating that the impact of the reduction
of travel time on firm productivity has risen rapidly after 2008.
From 2003 to 2007 is the stage of comprehensive construction
of China’s national trunk roads, the degree of networkization
of the highway is improving, and the reduction of total travel
time in the region is increasing, so that the firm productivity is
raising due to the development of transportation infrastruc-
ture. Since there is a lag in the influence of transportation
infrastructure, the impact becomes strong after 2008.

6. Market Potential and Productivity

6.1. Baseline Regression. To explore the mechanisms at
work, we further examine the impact of highway-induced
market potential on enterprise productivity. Table 10 re-
ports the results. Model (1) introduces the market potential,
model (2) and model (3) add control variables at the firm
level and regional level, respectively, on the basis of model
(1). It can be seen that the coefficient of market potential is
significantly positive, indicating that the development of
highway can promote firm productivity by improving
market potential.

In order to make the conclusionmore robust, we also use
the method of Donaldson [8] to replace formula (8) to
recalculate the market potential. *e formula for calculating
market potential by Donaldson [8] is

MPi � 
n

j�1

GDPj

T
θ
ij

. (14)

Here, Tij is the shortest travel time on the highway.
*e parameter θ is the trade elasticity describing the
productivity distribution and is estimated using the EK

Table 8: Result of robustness check.

(1) (2) (3) (4) (5) (6)
TFP TFP TFP TFP_LP TFP TFP

Highway_mileage 0.0110∗∗∗
(11.4146)

Highway_density 0.0154∗∗∗
(9.6431)

Highway_per 0.0142∗∗∗
(17.3571)

Traveltime −0.1889∗∗∗ −0.3673∗∗∗ −0.2466∗∗∗
(−9.4952) (−15.5392) (−11.8179)

Age 0.0648∗∗∗ 0.0648∗∗∗ 0.0648∗∗∗ 0.0631∗∗∗ 0.0505∗∗∗ 0.0705∗∗∗
(36.7299) (36.7055) (36.7167) (32.7159) (25.6216) (37.5753)

Scale 0.2261∗∗∗ 0.2261∗∗∗ 0.2260∗∗∗ 0.2129∗∗∗ 0.2481∗∗∗ 0.2584∗∗∗
(167.8115) (167.8189) (167.7204) (154.6469) (143.1076) (178.6563)

Export 0.0096∗∗∗ 0.0096∗∗∗ 0.0095∗∗∗ 0.0021 −0.0003 −0.0282∗∗∗
(3.7669) (3.7863) (3.7425) (0.7853) (−0.0736) (−7.5324)

Own state −0.0976∗∗∗ −0.0983∗∗∗ −0.0965∗∗∗ −0.1087∗∗∗ −0.1155∗∗∗ −0.1157∗∗∗
(−14.5739) (−14.6778) (−14.4209) (−14.2069) (−15.6602) (−17.0196)

GDP 0.1996∗∗∗ 0.1995∗∗∗ 0.1992∗∗∗ 0.2005∗∗∗ 0.0763∗∗∗ 0.1813∗∗∗
(29.7123) (29.7042) (29.7118) (26.6719) (11.0427) (25.9467)

R&D 0.0209∗∗∗ 0.0210∗∗∗ 0.0207∗∗∗ 0.0215∗∗∗ 0.0220∗∗∗ 0.0284∗∗∗
(15.4730) (15.5692) (15.3359) (15.3309) (11.1054) (18.6328)

POP 0.0089∗∗∗ 0.0088∗∗∗ 0.0088∗∗∗ 0.0149∗∗∗ 0.0338∗∗∗ 0.0115∗∗∗
(8.6940) (8.5933) (8.5869) (14.2049) (26.0262) (10.2237)

FDI 0.0224∗∗∗ 0.0226∗∗∗ 0.0218∗∗∗ 0.0202∗∗∗ 0.0135∗∗∗ 0.0221∗∗∗
(18.6117) (18.7423) (18.0795) (15.5531) (10.0532) (17.2650)

Railway −0.0552∗∗∗ −0.0556∗∗∗ −0.0557∗∗∗ −0.0464∗∗∗ −0.0366∗∗∗ −0.0614∗∗∗
(−10.9455) (−11.0171) (−11.0705) (−9.1843) (−4.0071) (−10.3969)

Constant −0.7429∗∗∗ −0.7356∗∗∗ −0.7467∗∗∗ 0.9622∗∗∗ 3.0707∗∗∗ 1.3608∗∗∗
(−13.7597) (−13.6280) (−13.8667) (4.7820) (13.0519) (6.5098)

Firm fixed effect Yes Yes Yes Yes Yes Yes
Time fixed effect Yes Yes Yes Yes Yes Yes
N 3,034,596 3,034,596 3,034,596 3,027,046 1,916,983 2,811,883
R-squared 0.0930 0.0930 0.0932 0.0820 0.1015 0.0906
Note. Standard errors are stated in parentheses below point estimates. ∗∗∗1%, ∗∗5%, and ∗10% significance levels.
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Table 9: Result of instrumental variable.

Variables OLS Second stage First stage
TFP TFP Traveltime

Traveltime −0.2018∗∗∗ −1.1570∗∗∗
(−10.7397) (−88.1026)

Traveltime_res 0.6659∗∗∗
(48.2075)

Elevation_2000 0.0313∗∗∗
(104.7437)

Elevation_2001 0.0334∗∗∗
(111.5930)

Elevation_2002 0.0411∗∗∗
(146.2454)

Elevation_2003 0.0372∗∗∗
(132.5134)

Elevation_2004 0.0323∗∗∗
(146.5773)

Elevation_2005 0.0319∗∗∗
(144.0628)

Elevation_2006 0.0331∗∗∗
(161.1244)

Elevation_2007 0.0329∗∗∗
(160.3346)

Elevation_2008 0.0331∗∗∗
(142.6269)

Elevation_2009 0.0336∗∗∗
(133.7109)

Elevation_2010 0.0346∗∗∗
(182.0807)

Elevation_2011 0.0315∗∗∗
(163.6914)

Elevation_2012 0.0335∗∗∗
(147.4631)

Elevation_2013 0.0306∗∗∗
(173.6674)

Age 0.0653∗∗∗ −0.0576∗∗∗ 0.0019∗∗∗
(36.9506) (−71.3241) (15.2815)

Scale 0.2264∗∗∗ 0.2089∗∗∗ 0.0023∗∗∗
(167.7992) (481.1905) (36.8894)

Export 0.0095∗∗∗ −0.0340∗∗∗ 0.0380∗∗∗
(3.7152) (−19.0374) (172.9643)

Own state −0.0985∗∗∗ −0.6504∗∗∗ 0.0228∗∗∗
(−14.6627) (−1.8e+ 02) (33.5935)

GDP 0.1921∗∗∗ 0.0870∗∗∗ −0.0112∗∗∗
(28.3932) (55.2847) (−41.2738)

R&D 0.0223∗∗∗ −0.0221∗∗∗ 0.0116∗∗∗
(16.4775) (−39.4607) (140.7426)

POP 0.0085∗∗∗ −0.0085∗∗∗ 0.0027∗∗∗
(8.3017) (−15.9969) (31.0327)

FDI 0.0216∗∗∗ −0.0088∗∗∗ −0.0034∗∗∗
(17.9286) (−11.9593) (−18.1358)

Railway −0.0538∗∗∗ −0.0778∗∗∗ −0.0223∗∗∗
(−10.5808) (−1.1e+ 02) (−1.9e+ 02)

Constant 1.2244∗∗∗ 12.1491∗∗∗ 9.2524∗∗∗
(6.4738) (96.9508) (5.4e+ 03)

Firm fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
N 3,027,046 3,027,046 3,027,046
R-squared 0.0932 0.2970
Kleibergen-Paap rk Wald F 23.188
Note. Standard errors are stated in parentheses below point estimates. ∗∗∗1%, ∗∗5%, and ∗10% significance levels.
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method [60]. Due to the availability of data, there is little
literature on estimating θ between regions of a country.
Bernard et al. [61] estimate the trade elasticity of the
United States and consider θ to be 3.6. Donaldson [8] uses
the inter-regional trade data from India to estimate θ to be
approximately 3.6, too. So in this paper, we take θ to be 3.6.
Substitute formula (14) for the market potential calculated
by formula (6) and re-regress it, the results are shown in
Table 11. It can be seen from Table 11 that there is no
qualitative change in the empirical results, and the re-
gression results are still robust.

6.2. Industry Sensitivity Analysis. Furthermore, we conduct
industry sensitivity analysis, subdividing the sample
according to the two-digit industry code to explore the
impact of market potential induced by highways on firm
productivity in different manufacturing industries. Table 12
lists all the regression coefficients and significance. In the
industry regression results, the boost effect of the con-
struction of highway on productivity is significant, especially
for the industry of furniture manufacturing, special
equipment manufacturing, leather, fur, feather (velvet) and
its products, ferrous metal smelting and rolling industry,
electrical machinery and equipment manufacturing indus-
tries. *e products or inputs of these industries are relatively
high in weight and large in volume, so the corresponding
transportation costs and the requirements for transportation
conditions are also high. *erefore, the development of the
highway has a more significant and stronger effect on the
productivity of industries highly dependent on trans-
portation costs.

6.3. Regional Heterogeneity Analysis—Urban Centrality.
In order to further explore the impact of highway con-
struction on different regions of China, we conducted a
sample regression for all prefecture-level cities in China
according to the degree of centrality of the city.*e concept of
centrality was firstly proposed by Christaller [62]. Urban
centrality refers to the relative importance of a city serving its
outer regions and is an important breakthrough point for

Table 10: Result of mechanism test.

Variables (1) (2) (3)
TFP TFP TFP

MP 0.9050∗∗∗ 1.6850∗∗∗ 1.3868∗∗∗
(11.9135) (21.4577) (18.0265)

Age 0.0652∗∗∗ 0.0653∗∗∗
(36.7873) (36.9519)

Scale 0.2289∗∗∗ 0.2272∗∗∗
(169.3974) (168.0588)

Export 0.0088∗∗∗ 0.0085∗∗∗
(3.4622) (3.3351)

Own state −0.1018∗∗∗ −0.0969∗∗∗
(−15.1585) (−14.4403)

GDP 0.1864∗∗∗
(27.5666)

R&D 0.0230∗∗∗
(16.9750)

POP 0.0095∗∗∗
(9.2769)

FDI 0.0212∗∗∗
(17.5878)

Railway −0.0535∗∗∗
(−10.4990)

Constant −7.2086∗∗∗ −18.2402∗∗∗ −16.3346∗∗∗
(−8.3872) (−20.4995) (−18.7874)

Firm fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
N 3,027,046 3,027,046 3,027,046
R-squared 0.0469 0.0916 0.0934
Note. Standard errors are stated in parentheses below point estimates.
∗∗∗1%, ∗∗5%, and ∗10% significance levels.
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Figure 6: Time trend of highway impact on productivity.

Table 11: Robust check of market potential approach.

Variables (1) (2) (3)
TFP TFP TFP

MP_theta 0.8423∗∗∗ 1.6341∗∗∗ 1.3530∗∗∗
(11.4612) (21.5589) (18.1847)

Age 0.0654∗∗∗ 0.0655∗∗∗
(36.8977) (37.0405)

Scale 0.2290∗∗∗ 0.2273∗∗∗
(169.3937) (168.0534)

Export 0.0088∗∗∗ 0.0085∗∗∗
(3.4553) (3.3286)

Own state −0.1011∗∗∗ −0.0963∗∗∗
(−15.0437) (−14.3445)

GDP 0.1866∗∗∗
(27.6095)

R&D 0.0232∗∗∗
(17.0688)

POP 0.0094∗∗∗
(9.2135)

FDI 0.0211∗∗∗
(17.4596)

Railway −0.0536∗∗∗
(−10.5306)

Constant −6.5007∗∗∗ −17.6670∗∗∗ −15.9537∗∗∗
(−7.8165) (−20.5650) (−18.9640)

Firm fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
N 3,027,046 3,027,046 3,027,046
R-squared 0.0469 0.0916 0.0934
Note. Standard errors are stated in parentheses below point estimates.
∗∗∗1%, ∗∗5%, and ∗10% significance levels.
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understanding the structure and evolution of urban networks
[63, 64]. Meyer [65] argues that regional economic linkage is
an important driving force for the evolution of the US urban
system. He suggests that the dynamic model of the urban
system should be highly simplified in analyzing a spatial
economy of this sort, so that the key processes involved can be
grasped.*is approach indicates that, although it is feasible to
add some variables to one’s analysis of centrality without
changing the basic arguments, considering too many factors
can cause confusion and misunderstanding. For this paper,
we used the urban space gravity model to measure and
calculate the economic linkage between cities. If a city has
more economic links with other regions than does another
city, its centrality in the urban network will be stronger.
Urban space gravity depends on the distance between cities
and the size and quality of each urban area. *e urban spatial
gravity model used in this paper is as follows:

Ci � 
j

��
Pi


∗

��
Pj



d
2
ij

, (15)

where Ci represents the sum of the city i and other regional
economic linkage. Pi and Pj are the populations of city i and
city j. In order to avoid the influence of county and county-
level cities on the population in prefecture-level adminis-
trative areas, we use the resident population data for the
municipal districts in the sixth population census in 2010 to

measure the population of cities. Finally, d ij is the geo-
graphic distance between city i and j.

After calculating the two-dimensional data (n ∗ n) for the
economic linkage between all cities, the economic linkage of
each city was summed up and then ranked according to size.
Table 13 reports the top 10 cities when it comes to centrality.

Based on the centrality ranking of each city, the sample
was divided into three sections of 1–100, 100–200, and over
200 for the purposes of our sample regression. Model (1) in
Table 14 reports the regression results of the 100 cities with
the highest centrality ranking. Model (2) reports the re-
gression results of the cities ranked 100–200. Model (3)
shown in Table 14 reports the regression results of the cities
ranked after 200. From model (1) and model (2), it can be
seen that for the cities ranked 1–200 in centrality, the sign of
market potential on firm productivity is significantly posi-
tive, which indicate that the improved market potential
brought by the development of highway has a significant
positive impact on firm productivity. *e coefficient of
market potential in model (3) turns from positive to neg-
ative, suggesting a negative impact on firm productivity. By
contrast, for cities with lower degrees of centrality, highway
construction may have a negative impact.

6.4. Why Is It Happening? Test of Core-Periphery Effects in Ex
AnteAsymmetricMarkets. For cities with different centrality
rankings, highway construction has different effects on

Table 12: Coefficient of all industry regression results.

Industry code Industry name Coefficient
13 Agricultural and sideline food processing 0.4106∗
14 Food manufacturing 0.2994
15 Beverage manufacturing 1.9326∗∗∗
16 Tobacco 0.6733
17 Textile 2.8247∗∗∗
18 Textile and garment, shoes, and hat manufacturing 0.1150
19 Leather, fur, feather (velvet), and its products 4.6027∗∗∗
20 Wood processing and wood, bamboo, rattan, palm, grass products 1.2559∗∗∗
21 Furniture manufacturing 3.7328∗∗∗
22 Paper and paper products 1.1905∗∗∗
23 Copying of the printing industry and recording media 0.7557∗∗
24 Culture and education, sporting goods manufacturing 3.5383∗∗∗
25 Petroleum processing, coking, and nuclear fuel processing industry 0.1794
26 Chemical raw materials and chemical products manufacturing 0.2868
27 Pharmaceutical manufacturing −2.8564∗∗∗
28 Chemical fiber manufacturing 0.9784
29 Rubber products 2.3790∗∗∗
30 Plastic products 2.3786∗∗∗
31 Nonmetallic mineral products 0.9840∗∗∗
32 Ferrous metal smelting and rolling processing 1.8364∗∗∗
33 Nonferrous metal smelting and rolling processing 1.2547∗∗
34 Metal products 2.1132∗∗∗
35 General equipment manufacturing 2.3235∗∗∗
36 Special equipment manufacturing 3.0903∗∗∗
37 Transportation equipment manufacturing 2.5552∗∗∗
39 Electrical machinery and equipment manufacturing 1.8231∗∗∗
40 Communication equipment, computers, and other electronic equipment manufacturing 2.1443∗∗∗
41 Instrumentation and culture, office machinery manufacturing 0.4827
42 Crafts and other manufacturing 1.8220∗∗
43 Plastic products industry 2.0349∗∗
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productivity. Because of the construction of the highway
network, the passage between different regions is more
convenient, enabling the migration of labor, capital, and
other factors from a centrally weak city to a centrally strong
city. Just as Faber [1] stated, there are “core-periphery effects
of trade integration between ex ante asymmetric markets.”
To confirm the presence of these effects in our sample, we
carried out an empirical test by replacing the explanatory
variable in the mechanism regression with fixed asset in-
vestments and employment in city level. Our data come
from the China City Statistical Yearbook. Table 15 reports
the regression results.

Model (1) in Table 15 reports the influence on capital and
labor in the first 1–200 cities ranked according to degrees of
centrality, and model (2) reports the result of the cities
ranked lower than 200. We can conclude that highway
construction has had a negative impact on the capital and
labor of cities with fewer economic linkages, which indicate
that the core-periphery effect is verified.

7. Conclusion

*e construction of the highway network has had a pro-
found impact on China’s national economy. Studying the
economic benefits of China’s highway construction thus
carries important theoretical and practical significance.*e
present paper cuts through the space-time compression
effect and analyses how market potential is affected by
highways, based on the travel time; in this way, we explore
the impact of highway network construction on regional
productivity, as well as the specific mechanisms by which
that impact is achieved. Using the OD-MATRIX method,
we calculate the highway travel time of 332 prefecture-level
administrative units in China, and improve on previous
accounts of market potential indicators. Specifically, we
calculate the market potential brought about by highways

Table 14: Result of sample regression according to the relative
centrality of Chinese cities.

Variables
(1) (2) (3)
TFP TFP TFP
1–100 100–200 >200

MP 2.3060∗∗∗ 2.6203∗∗∗ −0.2615∗∗
(17.0725) (11.7148) (−2.4581)

Age 0.0577∗∗∗ 0.0811∗∗∗ 0.0684∗∗∗
(26.6294) (22.4496) (12.4437)

Scale 0.2386∗∗∗ 0.2063∗∗∗ 0.1652∗∗∗
(145.5082) (76.5766) (35.1294)

Export −0.0011 0.0545∗∗∗ 0.0313∗∗∗
(−0.3906) (7.4845) (2.7186)

Own state −0.0898∗∗∗ −0.0661∗∗∗ −0.0899∗∗∗
(−10.7700) (−4.7287) (−4.7088)

GDP 0.2209∗∗∗ 0.2024∗∗∗ 0.0003
(21.7702) (18.7106) (0.0157)

R&D 0.0248∗∗∗ 0.0240∗∗∗ 0.0043
(15.3662) (7.4162) (1.0621)

POP 0.0047∗∗∗ 0.0150∗∗∗ −0.0111∗∗∗
(3.8057) (7.1742) (−3.1779)

FDI 0.0363∗∗∗ −0.0130∗∗∗ 0.0128∗∗∗
(21.3190) (−6.0469) (4.4254)

Railway −0.1590∗∗∗ 0.0589∗∗∗ 0.0542∗∗∗
(−20.9864) (6.2748) (5.7164)

Constant −26.7496∗∗∗ −30.3104∗∗∗ 3.7034∗∗∗
(−17.5739) (−11.9787) (3.0528)

Firm fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Observations 2,159,736 615,938 251,372
R-squared 0.0890 0.1265 0.0877
Note. Standard errors are stated in parentheses below point estimates.
∗∗∗1%, ∗∗5%, and ∗10% significance levels.

Table 13: Top 10 cities, ranked according to degrees of centrality.

City Rank
Shanghai 1
Guangzhou 2
Beijing 3
Foshan 4
Chongqing 5
Shenzhen 6
Dongguan 7
Tianjin 8
Wuhan 9
Xi’an 10

Table 15: Regression result for core-periphery effects of asym-
metric market integration.

Variables
(1) (2) (3) (4)

Capital Capital Labor Labor
1–200 >200 1–200 >200

MP 2.8826∗∗∗ −1.2386∗∗∗ 0.2501∗∗∗ −0.0798
(25.1240) (−13.8694) (2.7339) (−0.8195)

Age −0.0038∗∗∗ 0.0087∗∗∗ 0.0872∗∗∗ 0.0685∗∗∗
(−6.7015) (2.8746) (58.7584) (17.8215)

Scale 0.0057∗∗∗ −0.0024∗ 0.2847∗∗∗ 0.2365∗∗∗
(19.9225) (−1.7572) (172.0069) (44.9298)

Export −0.0019∗∗ −0.0075 −0.1219∗∗∗ −0.0090
(−2.3366) (−1.2533) (−41.6744) (−0.7582)

Own state −0.0210∗∗∗ −0.0176∗∗ 0.1319∗∗∗ 0.1173∗∗∗
(−9.7479) (−2.0033) (21.1498) (8.5132)

GDP 0.5678∗∗∗ 0.5764∗∗∗ −0.0018 −0.0228∗∗
(129.4086) (50.0116) (−0.3714) (−1.9926)

R&D −0.0169∗∗∗ −0.0069∗∗∗ 0.0058∗∗∗ −0.0050
(−32.7481) (−4.1900) (5.0068) (−1.2322)

POP 0.0254∗∗∗ 0.0141∗∗∗ −0.0053∗∗∗ −0.0093∗∗∗
(54.9618) (10.6201) (−5.8211) (−3.4607)

FDI 0.0864∗∗∗ 0.0059∗∗∗ −0.0134∗∗∗ 0.0006
(162.7097) (4.0927) (−12.9139) (0.3128)

Railway −0.0966∗∗∗ −0.0156∗∗∗ −0.0623∗∗∗ 0.0430∗∗∗
(−32.9382) (−6.9802) (−12.6149) (4.6262)

Constant −22.3370∗∗∗ 24.0051∗∗∗ −0.3966 3.3132∗∗∗
(−17.2946) (23.4137) (−0.3834) (2.9833)

Firm fixed
effect Yes Yes Yes Yes

Time fixed
effect Yes Yes Yes Yes

Observations 2,775,674 251,372 2,754,429 249,433
R-squared 0.9012 0.7190 0.2936 0.2692
Note. Standard errors are stated in parentheses below point estimates.
∗∗∗1%, ∗∗5%, and ∗10% significance levels.
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from the perspective of time cost. Our empirical findings
are as follows:

First, on average, the construction of the highway network
in China has increased firm productivity. Because of the
highway construction, the average travel time between each pair
of cities we studied has decreased from 41.2 hours in 2000 to
19.2 hours.*at said, in cities across the country, highway travel
time presents a typical “core-peripheral” distribution pattern.
With the Beijing-Tianjin-Hebei region, the Yangtze River Delta
region, and the middle reaches of the Yangtze River as the core,
it shows travel times gradually increase as onemoves outward to
the peripheral regions. On the whole, however, highway net-
work construction has a significant positive impact on firm
productivity growth. *erefore, the construction of China’s
highway network not only affords more convenient travel
between regions but also constitutes an important reason for the
long-term growth of China’s economy.

Second, market potential is the intermediary mechanism
by which the highway network affects firm productivity.
Relying on Chen et al.’s [45] general formula for market
potential, we used data for passenger capacity in various cities
in China to estimate parameter β. In this way, we measured
the market potential of cities across the country, finding that
the market potential distribution of each prefecture-level city
is similar to the distribution related to travel time. Market
potential also presents a “core-periphery” distribution pat-
tern. On the whole, market potential based on highways has a
significant positive impact on firm productivity growth. Since
market potential depends on the shortest travel time of
highways between cities as well as the size of a given city, the
impact of highway network on productivity is related not only
to the mileage, density, and quality of highways in each city
but also is to the size of each city.

*ird, the impact of the highway network on firm
productivity depends on the relative centrality of cities.
Using the spatial gravity model, we carried out a sample
regression according to cities’ ranking for urban centrality.
We found that the highways in high-centrality prefectures
have a positive impact on productivity, while in cities ranked
lower than 200 for centrality, highways have a negative
impact on productivity.*e reason for this pattern is that the
highway network allows labor and capital to flow from a
centrally weak city to a centrally strong city. According to
their function, traffic flow, and quality, China divides road
grades into expressways and first-class through fourth-class
highways. *e results of the sample regression show that an
expressway is not required for each city. Instead, cities with
low centrality can beneficially construct other, lower-grade
highways, which carry lower replacement costs.

Data Availability

*e research data used to support the findings of this study
are available from the corresponding author upon request.

Additional Points

Highlights. (i) we match the Chinese industrial enterprise
database and prefecture-level data to explore the influence of

highway networks on enterprise productivity in China. (ii)
we improve the calculation of market potential by estimating
the dynamic parameter β. (iii) on average, the construction
of highways promotes the productivity in China. (iv)
highways have a positive impact in high-centrality cities but
a negative impact in low-centrality cities.
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