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Abstract

Using detailed GIS and firm-level data, this thesis investigates the effect of highway access

onwithin-industry agglomeration, coagglomeration and firm productivity in China during the

period 1998-2007. In order to address the potential endogeneity problem and shed light on

causality, this study constructs three types of time-variant instruments for the highway access

variable, including the historical routes, least cost path network and straight line network.

This study finds that highway access positively affects within-industry agglomeration, and

the results are consistent with IV estimations. The improved highway access enhances ag-

glomeration for downstream industries by increasing their flexibility in location choices. Ad-

ditionally, input-output adjusted highway access promotes within-industry agglomeration by

lowering transportation costs for accessing inputs and outputs from other industries.

Regarding the effects of highway access on coagglomeration of industry pairs, this study finds

that better highway access increases coagglomeration at the province and city levels, but the

effect is insignificant at the county level. The positive effect of highways on coagglomeration

is larger for industry pairs with a lower share of state-owned enterprises, for related industries,

and for those with input-output linkages.

The results indicate that highway access has a positive effect on firm productivity, with a

1% change in highway access yielding a 0.018% increase in firm TFP. Four channels are

investigated, including within-industry agglomeration, coagglomeration, export, and innov-

ation. This study finds that highway access affects firm productivity through the channels of

within-industry agglomeration, coagglomeration, and exports, while the innovation channel

is less significant.
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Chapter 1

Introduction

China has been undergoing increasing agglomeration since the economic reform in 1978,

characterized by the clustering of industries in specific regions. Evidence in the literature

indicates that Chinese industry experienced a rise in spatial concentration between 1980 and

1995 (Wen 2004) and also a consistent upward trend from 1998 to 2005 (Lu & Tao 2009).

China’s industry agglomeration is particularly pronounced in the eastern coastal areas, such

as the Pearl River Delta (e.g., Shenzhen, Guangzhou) and Yangtze River Delta (e.g., Shang-

hai, Jiangsu), and the Bohai Bay region (e.g., Beijing, Tianjin), which have developed into

major economic hubs. Furthermore, China’s western and central regions are progressively be-

coming new concentrated areas, benefiting from government initiatives to promote balanced

regional development.

Based on the concept of Ellison & Glaeser (1997), the term ‘within-industry agglomeration’

refers to the specialized concentration and ‘coagglomeration’ means the spatial concentra-

tion of different industries. Increasing spatial concentration fosters industrial development

by attracting foreign direct investment (Barrell & Pain 1999, Guimaraes et al. 2000) and fa-

cilitating innovation (Feldman 1999, Antonietti & Cainelli 2011, Zhang 2015, Connell et al.

2014). There is plenty of evidence that both within-industry agglomeration and coagglomer-

ation have significant impacts on region-level and firm-level productivity (Ciccone & Hall

1996, Ciccone 2002, Lin et al. 2011, Hu et al. 2015, Tokunaga & Kageyama 2008, Barrios

et al. 2006).
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The theories of Krugman (1991) and Weber (1909) indicate that transport cost is a crucial

factor that affects agglomeration. The empirical research also stresses the importance of trans-

port cost and infrastructure on agglomeration (Rosenthal & Strange 2001, Holl 2004) and

productivity (Holl 2016). Firms can benefit from agglomeration externalities and choose to

co-locate. Upgrading transport infrastructure can improve economic efficiency by reducing

the requirement to relocate together. China has made significant advancements in expand-

ing the highway system, resulting in a highway length of 177,000 km by the end of 2022

compared with merely 100km in 1988. The enormous network, which exceeded the Amer-

ican Interstate Highway System in 2014, reflects a sustained commitment to infrastructure

development in China. The ambitious National Expressway Network in China, initiated in

the 1980s and progressing through upgrading construction phases with the 7-5 plan, 7-9-18

plan, and 7-11-18 plan, has connected major cities, ports, and transportation hubs.

This highway expansion, related to transport time reduction, is expected to foster economic

development. The relationship between highway expansion, agglomeration, and productiv-

ity plays a pivotal role in shaping regional economic landscapes. Understanding how high-

ways contribute to agglomeration effects and, subsequently, affect productivity, is crucial for

policy-making and urban planning, especially for big countries like China. China’s agglom-

eration effect, resulting from its extensive scale and varied economic activity, is likely to

significantly contribute to the nation’s total economic growth.

China’s large size can amplify the economic externalities generated by agglomeration, includ-

ing knowledge spillovers, labourmarket pooling and input-output sharing (Marshall 1890). In

this way, highway expansion may in turn significantly influence firm productivity. Therefore,

this thesis is motivated by these questions: To what extent has highway expansion contributed

to industry agglomeration? Do the effects on within-industry agglomeration and coagglom-

eration differ? Does highway expansion increase firm productivity in China? How has the

expansion of highways affected firm productivity? Has it occurred through the channels of

within-industry agglomeration, coagglomeration, exporting, or innovation?
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This thesis contributes to the literature in several ways. First, it investigates the effects of

highways on the level of within-industry agglomeration and pairwise coagglomeration. The

determinants of within-industry agglomeration and coagglomeration focus mainly on the na-

tional advantages andMarshallian externalities (Ellison et al. 2010, Ellison &Glaeser 1999a,

Rosenthal & Strange 2001, Jofre-Monseny et al. 2011, Faggio et al. 2017, Diodato et al. 2018,

Howard et al. 2016, Mukim 2015). Transport costs are found to affect spatial concentration in

China (Wen 2004) and coagglomeration at the metropolitan level in the US (Gallagher 2013).

This study is the first in the field of rapidly developing highway construction and industry

agglomeration in China.

Second, this study examines the impact of highway access on the productivity of Chinese

firms and how it affects productivity. The mechanisms encompass intra-industry agglomera-

tion, coagglomeration, export, and innovation. These mechanisms expose the underlying im-

pacts of highways on firm productivity and have not previously been specifically examined.

Agglomeration has a crucial role in enhancing company productivity by facilitating resource

sharing, knowledge spillovers, and labour market pooling. Enhancements in transport infra-

structure can promote industry agglomeration, leading to a rise in firm productivity. Further-

more, it is worthwhile specifically analyzing within-industry agglomeration and coagglomer-

ation as channels. Although the two notions are distinct, the current literature employs vague

indicators to measure agglomeration when studying these channels, mostly relying on local

density (Wan & Zhang 2018, Holl 2016). Export is also an important channel, as improved

highway access results in more exporting activities, thereby enhancing productivity through

the learning-by-exporting effect of some Chinese firms.

Third, this study significantly advances the literature by introducing a novel metric, the Input-

Output adjusted Highway Access (IOHA), which better captures the varying use of highways

by different industries. Previous measures often overlooked the variations in industry size

and transportation volumes, failing to account for how these factors influence highway util-

isation. By incorporating input-output tables, the IOHA metric captures both the transport-

ation volume and proximity to highways. This innovative approach addresses a critical gap

in existing research and enhances our understanding of how improvements in infrastructure,

impact industrial agglomeration and coagglomeration by accounting for the diverse needs of

different industries.
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Fourth, this study differs from previous literature that relies on aggregate measures of trans-

port infrastructure, such as infrastructure investment or density (Wan&Zhang 2018). Instead,

we utilize extensive microeconomic data, which allows for a more thorough investigation of

the research subject. For example, the Geographic Information System (GIS) highway data,

which accurately represents the locations of highways, together with the location data of

firms, are utilized to construct the firm-level highway access variable. Microeconomic firm-

level data and customs data are utilized to analyse various mechanisms and heterogeneous

characteristics, enhancing the credibility of the findings.

Moreover, in order to address the issue of potential endogeneity and investigate the causal

effect, this study employs time-varying instruments related to the highway measure. These

instruments include historical ones derived from the courier routes of the Ming and Qing

Dynasties, as well as the least cost paths and straight-line routes based on the specific city

points in the highway construction plan.

By utilizing GIS data on road networks and a comprehensive dataset of Chinese manufac-

turing companies from 1998 to 2007, this study reveals that highway access has a beneficial

impact on within-industry agglomeration, as indicated by both the baseline model and the in-

strumental variable estimations. The findings reveal that improved highway access reduces

the impact of petroleum on within-industry agglomeration at provincial and city levels but in-

creases it at the county level, highlighting the complex interplay between transportation costs

and industry location decisions. Additionally, better highway access enhances agglomeration

for downstream industries by improving their flexibility in location optimisation. Overall, the

input-output adjusted highway access significantly promotes within-industry agglomeration

by reducing firms’ transportation costs for inputs and outputs from other industries.

Regarding the effects of highways on coagglomeration, highway access leads to an increase

in the pairwise coagglomeration at province and city levels, but the effect is insignificant at

the county level. The impact of highways on coagglomeration is more significant for industry

pairs characterised by a lower proportion of State-Owned Enterprises (SOEs), for industries

that are closely related, and for industry pairings with input-output connections.
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With respect to the effects of highway access on firm productivity, this study finds that high-

ways have a beneficial impact on firm-level TFP, and a 1% change in highway access yields a

0.018% increase in TFP measured by the LP-ACF method. The results for four channels, in-

cluding within-industry agglomeration, coagglomeration, export, and innovation, show that

only the innovation channel is less significant. Highways increase within-industry agglom-

eration and coagglomeration for firms and stimulate exports with IV estimation.

The thesis is organized as follows. Chapter 2 explains background information about highway

expansion in China, especially the highway construction plans. Chapters 3, 4, and 5 invest-

igate the effects of highway access on within-industry agglomeration, coagglomeration, and

firm productivity, respectively. Chapter 6 concludes this thesis.
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Chapter 2

Background on China’s Highways

2.1 Background on China’s Highway Development
China’s transportation infrastructure has undergone a substantial transformation since the

1990s, with the country’s highways becoming the longest in the world, increasing from 500

kilometres in 1990 to 177,000 kilometres in 2022. Figure 2.1 gives a comprehensive over-

view of the expansion of China’s highways from 1990 to 2022, reflecting the remarkable

progress in the country’s transportation infrastructure. In 1988, the highways were in their

nascent stage, with a length of merely 100 kilometres. The early 2000s marked a significant

acceleration in highway construction, reaching 53,900 kilometres by 2007.

This consistent growth in highway length underscores China’s commitment to fostering ef-

ficient transportation systems to facilitate economic progress. The highways play a crucial

role in China’s infrastructure, as more than 70% of goods are transported by roads, enabling

more efficient transportation of products across large areas. Figure 2.2 illustrates highways

in China from 1998 to 2007 with GIS data from the ACASIAN dataset. More routes are con-

structed in eastern China, while highway construction is a greater challenge in the western

regions where mountainous terrains dominate the landscape.
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Figure 2.1: Highway length from 1990 to 2022

Note: The year is from 1990 to 2022. The data are presented in 1,000km. The highway length in 2022 is
177,000km. The data are obtained from China Statistical Yearbooks.

China’s extensive highway development relies on a diverse range of funding. The govern-

ment, both at the national and local levels, is a primary contributor and Public-Private Part-

nerships (PPPs) have also emerged as a dynamic tool for financing highway projects. PPPs

attract private investments and leverage the efficiency of private expertise in construction

and operation. Additionally, financial markets play a role through bond issuance, backed by

government guarantees. State-owned banks provide loans, while toll collection on highways

provides crucial revenue for sustaining projects. Toll financing ensures self-sustainability,

covering construction costs, maintenance, and debt repayment. The diversified funding ap-

proach also includes investments from State-Owned Enterprises, international financial in-

stitutions, and vehicle-related taxes and fees.

7



2. Background on China’s Highways Roads Classification

(a) 1998 (b) 2001

(c) 2004 (d) 2007

Figure 2.2: Highways in China from 1998 to 2007

2.2 Roads Classification
The Ministry of Transport and its related agencies in China are responsible for establish-

ing and enforcing highway engineering standards. In China’s highway engineering stand-

ards, roads are classified into different ranks or classes, which consider characteristics such

as traffic volume, design standards, and the intended use of the route. Highways in China

refer to expressways and four classes of roads. Expressways are specifically designed to ac-

commodate high-speed traffic with limited access points and are partitioned into lanes that

accommodate traffic moving in opposite directions, typically from four to eight lanes in total.
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2. Background on China’s Highways Highway Construction Plans

First class roads in China occupy a position below expressways in the road hierarchy, ran-

ging from four to six lanes. They are major routes designed to facilitate regional connectivity,

and often have more flexible access points, slightly lower design standards, and may accom-

modate lower traffic volumes. Then moving down the hierarchy to second, third, and fourth

class roads, the focus shifts to regional connectivity, addressing local transportation needs,

with corresponding adjustments in traffic volume, design standards, and functionality. This

research uses data on expressways with the characteristics of top speed and limited access.

2.3 Highway Construction Plans
Recognizing the crucial role of a well-connected transportation network, the Chinese govern-

ment has introduced a long-term plan for a National Expressway Network since the 1980s.

The network was organized into three phases: 5-7 plan, 7-9-18 plan, and the 7-9-18 network

being the focus most recently. The construction of expressways is financed by both the central

and local governments.

The National Trunk Highway System (NTHS) plan approved by the State Council in 1992

is known as the 5-7 plan (5 north-south and 7 east-west routes). The targeted cities are all

provincial capitals, cities with urban populations of more than 500,000 and border crossings.

The fiscal expansion programme in China was prompted by the 1997 Asian financial crisis.

The enactment of the Highway Law in 1997 granted local governments the authority to par-

ticipate in the process of choosing routes for the National Transportation Highway System.

Subsequently, the pace of the NTHS building significantly accelerated. As of the start of

2003, 80% of the building of the NTHS had been finished and construction was completed

in early 2008.
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The 5-7 plan, approved in 1992, could not meet increasing road transport demand. In 2004

the State Council approved a follow-up plan for the National Expressway Network (NEN),

which is also called the 7-9-18 plan, with 7 radial expressways from the capital, 9 north-south

routes and 18 east-west routes. The aim of 7-9-18 is to connect cities with urban registered

populations of over 200,000 and key nodes such as ports and transportation hubs. The 7-

9-18 network is characterized by its exceptional technical quality and is composed only of

expressways at the national level.

The third plan, proposed in 2013, extends the 7-9-18 network to a 7-11-18 network, incorpor-

ating two additional north-south expressways. This expanded network will connect emerging

prefecture capitals and cities with populations exceeding 200,000 and is planned to be com-

pleted by 2030. The government places high importance on ensuring that expressways are of

excellent quality, allow for faster travel, and have tolls, compared with national and provin-

cial roads.
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Chapter 3

The Effects of Highway Access on
Within-industry Agglomeration

3.1 Introduction
The level of industrial agglomeration in China has increased over time. The economic re-

form in 1978 dramatically changed geographical economic activities. Many newly estab-

lished firms selected their locations driven by the market. Spatial concentration occurred

during that period, and for example, the coastal areas where there were more opportunities

with natural advantages attracted more export firms. Wen (2004) finds that Chinese man-

ufacturing was more spatial concentrated from 1980 to 1995 with many industries highly

concentrated in some coastal areas in 1995. Lu & Tao (2009) also find that the industrial ag-

glomeration level gradually increases during the sample period 1998-2005. What drives the

fast expansion of industrial agglomeration? Does transport infrastructure such as the highway

network contribute to agglomeration? The development of highways, the increasing level of

agglomeration and the importance of transport costs on agglomeration motivate this study.

Highway construction in China experienced a fast development period, with the 5-7 plan in

1992, the 7-9-18 plan in 2004, and the 7-11-18 plan in 2013. The rapidly built highway net-

works significantly reduced transport time and costs. Regions connected with highways are

expected to attract more firms. This chapter investigates the impact of highway construction
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3. The Effects of Highway Access on Within-industry Agglomeration Introduction

on within-industry agglomeration and its channels. The highways and industrial agglomera-

tion are related, as highway networks are crucial for transporting manufacturing goods and

affect the geographic distributions of manufacturing industries. This chapter contributes to

four main aspects.

First, it investigates the impact of the highway network on within-industry agglomeration

for the manufacturing sector, which is important but has not been thoroughly examined in

the literature. Industrial agglomeration is important to the development of economies. Rising

spatial concentration generates external economies and facilitates the development of indus-

tries. A rise of agglomeration has substantial effects on productivity (Ciccone & Hall 1996,

Ciccone 2002, Lin et al. 2011, Hu et al. 2015). Agglomeration plays a crucial role in attract-

ing foreign direct investment (Barrell & Pain 1999, Guimaraes et al. 2000) and promotes the

exploitation of innovation (Feldman 1999, Antonietti & Cainelli 2011, Zhang 2015).

Some determinants of agglomeration include national advantages (Ellison & Glaeser 1999a,

Roos 2005) andMarshallian externalities of agglomeration (Rosenthal & Strange 2001, Jofre-

Monseny et al. 2011) have been researched substantially. Additionally, large-scale road in-

vestment is proved to affect concentration and the effects vary in different industries (Holl

2004). Wen (2004) finds that transport costs affect spatial concentration. The effect of rapid

highway construction in China on industrial agglomeration has not been specifically invest-

igated. This chapter provides empirical results showing that highway access has positive

impacts on industrial agglomeration and the results are robust to the instrumental variables

estimation.

Second, this chapter introduces a novel input-output adjusted measure of highway access to

better capture the varying use of highways by different industries, a gap that has not been ad-

dressed in existing literature. Industries rely on highways to transport goods from suppliers

and to customers, and improved infrastructure lowers transportation costs, fostering agglom-

eration and localisation as firms seek tomaximise profits by concentrating in high-profit areas

(Marshall 1890). Previous measures of highway access often ignore the variations in industry

size and transportation volumes. By using input-output tables, this study’s measure accounts

for these variations and provides a more precise understanding of highway utilisation.
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Third, the use ofmicro-economic data enables the calculation ofMarshall’s threemechanisms

of agglomeration and agglomeration measures andmakes the results more accurate compared

to the macro-level data. The GIS highway data that depict explicit highway locations are used

to capture the distance from each firm to the highway network and then group them at the

industry level. The firm-level data and the GIS highway data allow this study to research

heterogeneity, which enables it to go in-depth and makes the results more convincing.

Additionally, this chapter obtains the relationship between highways and within-industry ag-

glomeration by using novel methods. This study uses time-variant instruments for the high-

way variable to address the endogeneity problem. The instrument for highways upgrades with

the highway construction plan, which makes it a stronger instrument.

The structure of the chapter is as follows. Section 2 reviews both the theoretical and empir-

ical literature on agglomeration, including its drivers, effects, and the specific research on

agglomeration in China. Section 3 outlines the hypotheses developed for this study. Section

4 details the data and methodology used, along with a description of the key variable. Section

5 presents the empirical results of the baseline model. Section 6 addresses the instrumental

variable estimations used to manage issues of omitted variables and reverse causality. Section

7 provides heterogeneity analysis. Finally, Section 8 provides the conclusions and discusses

the limitations of the study.

3.2 Literature Review

3.2.1 Theory of Agglomeration

Agglomeration or clusters is the geographical concentration of economic activities. The concept

of agglomeration is broad, with different compositions and many geographical levels. The

research target can be a cluster of people, firms in the same industry or different industries,

and geographical levels can be a small neighbourhood, industrial district, city, or even coun-

try. For example, the agglomeration identified byMarshall (1890) is the spatial concentration

of the specialized industry.
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Agglomeration theory has been developed over one hundred years. Although a variety of

theoretical concepts have been developed, a unified theoretical framework has not emerged.

Typical agglomeration theories include but are not limited to Marshall’s agglomeration the-

ory, location theory (Weber 1909), Dynamic externalities (and more specifically knowledge

spillovers) using the Endogenous growth theory (Romer 1986) and Marshall–Arrow–Romer

(MAR) externality (Glaeser et al. 1992), industrial clusters (Porter 1990), and new economic

geography (Krugman 1991, Fujita 1988).

Though they are different, some of these theories have points in common. For instance, Mar-

shall’s external economies of agglomeration are at the basis of Dynamic externality theories

and transportation costs are key factors in both the new economic geography of Krugman

(1991) and the location theory of Weber (1909).

Marshall’s agglomeration theory

Agglomeration theory is developed byMarshall (1890) in the chapter on Industrial organization-

the concentration of specialized industries in particular localities in Principle of Economics.

Marshall defines the localization of industry as the spatial concentration of many small busi-

nesses of a similar character. He discusses the cause of localization of industry and the ex-

ternal economies which arise from it.

The Causes of the Localization of Industry. Marshall (1890) explains the formation and

causes for the localization of industry, which existed even in early stages of civilization. One

chief cause is natural resources, such as the character of the soil and climate, nearby wa-

ter access, mines and quarries. Court patronage that attracted skilled workmen to meet the

demand for high-quality goods has been another chief reason for the development of a spe-

cialized industry. Rulers commonly deliberately invited specialized artisans from elsewhere

and grouped them together. Local households are also able to learn from these artisans, and

gradually a specialized industry becomes more localized.

14



3. The Effects of Highway Access on Within-industry Agglomeration Literature Review

External Economies and Internal Economies. Marshall (1890) first divides the economies

that are generated from an increase in the scale of production into two categories: external

economies and internal economies. Internal economies arise from the increasing scale of the

firm itself; for instance, a firm can achieve lower costs when its scale of production increases.

A large firm benefits from efficient management, can reduce production costs by producing

specialized goods on a larger scale, has lower average costs for the rawmaterials from its sup-

pliers, and enjoys stronger bargaining power with financial institutions to obtain a cheaper

rate. On the other hand, external economies rely on the general expansion of the whole in-

dustry outside the specific firm. The growing industry shares a specialized workforce, ideas,

and bargaining power with suppliers, all of which are positive for the development of firms

in that specialized industry. However, negative effects also appear when the scale of the in-

dustry grows, a phenomenon which is known as external diseconomies. Severe competition,

especially destructive competition, can cause a group of firms to disappear.

External Economies of Localization of Industries. Marshall (1890) discusses the advant-

ages of the localization of industries. External economies appear when businesses of a sim-

ilar character are concentrated in a particular locality. The advantages of localized industries

discussed by Marshall have been classified and summarized by later scholars into three cat-

egories: knowledge spillover, labour pooling, and input sharing.

Knowledge Spillovers. Marshall (1890) indicates that localized industries enable people to

acquire the same skills in the neighbourhood gradually, since when an industry has chosen

a locality, it tends to stay there for the long term. The skills are no longer mysteries but

learned by the people in the locality. The specialized skills are inherited by children who

have easy access to them and unconsciously learn some of them. Good ideas and knowledge

are appreciated and shared in the locality, and then combined with others’ suggestions to form

further new ideas. Inventions and innovations keep updated with the joint effect.
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Input Sharing. Marshall (1890) states the importance of the subsidiary business for the loc-

alized industry. The localized industry has subsidiary businesses in the neighbourhood that

provide it with materials and implements for production, and deliver goods and other activ-

ities that support the economy in the neighbourhood. Marshall (1890) also points out that

the large aggregate production of similar goods in a district can make expensive machinery

available to subsidiary industries. Subsidiary industries, which focus on a small part of the

production process work for many other similar industries in the neighbourhood, and are able

to use highly specialized machinery. The high costs of buying machinery and rapid depre-

ciation are not big problems for them due to the fact that they can make income from their

business and pay for the expenses. Advanced machines facilitate the efficiency and innova-

tion of the industry.

labour Pooling. Another advantage of a localized industry is that the labour market offers

special skills. The localization of industry offers a constant labour pool with the special know-

ledge that it requires. Firms located in a thick labour market have the advantage of employing

skilled workers and tend to locate in the place where a lot of workers with the required skills

are located. If an employer is in an isolated plant, even though they have access to a large

general labour force, the lack of specialized workers will make production much more dif-

ficult, and thus, they will still need to make efforts to hire specialized workers. Therefore,

firms tend to move towards places in which skilled workers are located. On the other hand,

the spatial concentration of firms attracts talents and promotes workers’ mobility in the in-

dustry or among related industries. Workers who seek employment are likely to move from

a distance and settle in that place where their special skills are in demand.

Marshall (1890) also mentions the disadvantages of a district that only relies on one kind

of worker. For example, an industry in which the work can only be done by strong men

(e.g., mining industry), leaving women unemployed. However, this problem can be solved

by the development of supplementary industries in that area to provide work opportunities

for women.
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Additionally, the disadvantage of a district that only depends on one specific industry is also

discussed by Marshall, who points out that the district may experience extreme depression

if there is a large decrease in demand or a failure in the supply of materials. The problem

can be avoided by creating large industrial districts where several different industries are

developed. If one of them fails for a time due to low demand or the shortage of materials, the

other industries can mitigate its depression by supporting it indirectly. The labour market is

more sustainable in that neighbourhood in this way.

Demand of Customers. In addition to discussing from the point of view of the economy of

production, Marshall (1890) also points out that customers’ demands and their convenience

affect the localization of shops. He indicates that customers tend to travel some distance in

order to find the special goods shops for their purchase of important goods, while choosing

the nearby shops to buy less important goods. Consequently, shops that sell expensive goods

are likely to gradually agglomerate, while ordinary convenience shops do not congregate.

The localization of industry enables firms to share a larger customer base. The special goods

that congregate together in order to meet customer demands attract customers from further

away. When a place is well-known for trade in particular goods, it can attract customers and

suppliers worldwide.

In summary, agglomeration theory discussed by Marshall (1890) is an initiative. Marshall

provides the causes of the localization of industry: natural advantages and the demand of

previous rulers. External economies through localization of industry, including knowledge

spillovers, input sharing, and labour pooling, are the benefits from localized industry but also

promote the localization of industry in their ways to some extent.

Weber’s theory of industrial location

Another branch of industrial agglomeration known as location theory is developed by Weber

(1909). Weber claims that agglomeration emerges in spatially advantageous locations. Com-

pared with that of Marshall (1890), Weber’s theory takes a different perspective to investigate

agglomeration.
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The ‘locational factors’. Weber (1909) puts forward the ‘locational factors’ which determ-

ine the location of industries with a minimum cost of production. The cost of production is

different in various areas, and thus industries locate where they have the minimum cost of

production. The locational factors are classified as general factors and special factors. The

former affect every industry though their influence can be more or less in different indus-

tries, such as the cost of labour, transportation, and rent; the latter are the special concerns of

only this or that industry, such as perishability of raw materials, the humidity of the air in the

factory, the reliance on clean water, etc.

Regional factors, ‘agglomerative’ or ‘deglomerative’ factors. Moreover, all locational factors,

whether general or special factors, are further divided into regional factors which can be

‘agglomerative’ or ‘deglomerative’. The regional factors affect the regional distribution of

industry that creates the primary framework of industrial locations. The ‘agglomerative’ or

‘deglomerative’ factors redistribute industry. Among regional factors, transportation costs

and labour costs are crucial factors that affect the production costs of industries in different

regions. The cost of transportation, labour and agglomerative factors are the most important

factors for the location of industries.

Weber’s location theory first discusses the idea that firms choose the location that minimizes

transportation costs and then attributes the deviation from minimum transportation costs to

economy of labour and agglomeration. The transportation cost is determined by the weight

of goods and transport distance.

The ‘ubiquitous material’ and ‘localized material’. Weber (1909) distinguishes between

the ‘ubiquitous material’ and ‘localized material’. ‘Ubiquitous material’ is available every-

where in certain areas, such as wood and grain and since they are everywhere, the cost of

transportation is considered. Therefore, to minimize transportation costs, firms tend to locate

near their customers. On the other hand, some materials are only obtainable in a particular

region rather than everywhere, and they are called ‘localized material’.
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‘Pure material’ and ‘gross material’. Weber (1909) divides localized material into ‘pure

material’ and ‘gross material’. Considering the nature of the production process in which

raw materials are processed into final products, the process can either leave some residue

or none and residues may be used to manufacture other products. ‘Pure material’ means the

total weight of raw materials is used for the product; ‘‘Gross material’ means only part of the

materials can be used for the product, an extreme case of which is the fuel used for production

as the weight of fuel is a loss in the production process. Fuel is the ‘weight-losing material’,

which means its total weight as a residue.

When localized material is used for production, the material index is the proportion of the

weight of localized material to the weight of finished goods. The location of a firm is determ-

ined by the transportation costs to the market and raw materials, considering the weights of

raw materials and finished products. The material index captures the trade-off of the trans-

portation cost when transporting goods from suppliers to customers. For instance, a firm will

locate near the market if finished products are heavier than the source materials. The total

weight to be moved, called the locational weight, depends on the material index.

Thematerial index of ‘pure material’ is one, and it is larger than one for ‘gross material’. If the

residue during production is large, firms tend to locate near the raw materials. Thus, having a

larger residue and using fewer ‘ubiquitous materials’ lead firms to locate near the location of

their materials. Weber (1909) summarizes three principles according to the minimum cost of

transportation: (1) a firm only using ‘ubiquitous material’ locates near its customers; (2) when

only ‘pure material’ is used for production, the firm locates freely either where customers are

or materials are; (3) when only ‘gross material’ is used for production, the firm locates in the

same area as its materials. Furthermore, when there are two material regions and one market,

the location triangle is used byWeber (1909) to determine the optimal location of an industry.

When there are multiple regions with raw materials sources and markets, the polygon is used

instead. According to the weights of two raw materials and final output sold on the market,

Weber uses the methodology of the Varignon Frame that considers weights and pulleys to find

the optimal location that achieves the minimum transportation cost, which is at the centre of

gravity of the triangle.
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The labour cost factor. Weber (1909) indicates that labour costs are affected by population

density. The labour cost index is the labour cost of a unit weight of product. A higher labour

cost index in an industry implies that it is likely to move to where labour costs are low. He also

develops the ‘labour coefficient’ to measure the labour deviation in the industry that equals

the ratio of labour cost to locational weight, which decides whether transportation costs or

labour costs have the upper hand in the choice of location. A higher labour coefficient implies

that the industry tends to move to a place where labour costs are lower.

‘Agglomerative’ or ‘deglomerative’ factors. Weber (1909) defines an agglomerative factor

as a cheapening of production or marketing owing to the fact that production is carried out

in one place to some extent (centralization of production), while a deglomerative factor is a

cheapening of production because of the decentralization of production. Weber (1909) distin-

guishes two stages of agglomeration. The first stage results from the enlargement of a plant,

focusing on the rise in production of an individual firm. A plant with a local concentration of

production has advantages over productions scattered in small plants, as large-scale produc-

tion has economic advantages over small-scale production, such as saving on technical appli-

ances, improving labour organization, and cheap large-scale purchasing. The second stage of

agglomeration results from close local association of several firms, which Weber (1909) also

calls social agglomeration. Just as with the benefits of the enlargement of a plant, several firms

also congregate together to develop technical equipment, improve labour organization, have

division of labour, create a more effective marketing situation, conduct large-scale purchas-

ing, and reduce general overhead costs by jointly sharing gas supply, water mains and streets.

Weber also breaks agglomeration down into ‘accidental agglomeration’ and ‘pure agglom-

eration’. ‘Accidental agglomeration’ is defined as resulting from minimum transportation

cost or labour costs, while ‘pure agglomeration’ (or ‘technical agglomeration’) is a neces-

sary consequence, that is, the concentration of firms brings the advantages of improvements

in technical equipment, labour organization and specialized facilities and thus firms choose

to congregate. Weber (1909) asserts that economies of agglomeration shift the locations of

firms.
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Weber (1909) indicates that agglomeration may lead to opposing tendencies. Expenses in-

crease with a rise in rent, higher general overhead costs due to higher land value, and higher

labour costs. These are ‘degglomerative factors’ that decentralize the location of industries,

and greater agglomeration causes stronger degglomeration forces.

Since the definition of agglomeration is abstract in Weber (1909), Hoover (1937) criticizes

Weber for not distinguishing the economies of agglomeration. The three categories of eco-

nomies of agglomeration identified by Hoover (1937) are: large-scale economies, localiza-

tion economies and urbanization economies. Large-scale economies are internal economies,

and localization economies and urbanization economies belong to external economies; these

focus on the size of a company, the size of an industry and the size of a city, respectively.

The New Economic Geography

The new economic geography explains the formation of agglomeration in geographical space

(Fujita & Krugman 2004), on the basis of the increasing returns to scale and monopolistic

competition assumptions. Krugman (1991) and Fujita (1988) develop new economic geo-

graphymodels based on the monopolistic competition model. Dixit & Stiglitz (1977) develop

a remarkable monopolistic competition model, which is a workhorse in the models of new

trade, new growth and also new economic geography literature. Monopolistic competition

refers to the competition between firms with distinct products, but whose products are sim-

ilar enough to be substituted. Competition between firms producing close substitutes limits

monopoly power.

It is widely acknowledged that the core-periphery model developed byKrugman (1991) gives

birth to the new economic geography. Different from the external economies mentioned by

Marshall (1890), the core-periphery model concerns pecuniary externalities, neglecting all

other sources of agglomeration economies. Pecuniary externalities are associated with either

demand or supply linkages. The core-periphery model shows how the economic structures

of two regions evolve under the interactions between increasing returns, labour mobility and

transport costs. It is a two-region model with two production sectors (manufacturing and

agriculture sectors), with agricultural production involving constant returns to scale with ho-

mogeneous goods.
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In this model, farmers are immobile and have the same earnings in both regions. In con-

trast, manufacturing production involves increasing returns to scale, and workers are freely

mobile between the two regions. The utility function of all individuals assumes a specific

form where consumption is divided between agricultural goods and a manufactured goods

aggregate. The share of expenditure on manufactured goods is a key parameter that determ-

ines the convergence or divergence of the region. The elasticity of substitution among goods

is another crucial parameter influencing this dynamic.

Transportation costs play a significant role in the model. It is assumed that the transporta-

tion of agricultural output between two regions is costless, ensuring that each farmer has the

same earnings regardless of location. However, manufacturing goods incur transport costs,

modelled using the ’iceberg’ form introduced by Paul Samuelson (1952). In this form, only

a fraction of the goods shipped arrive at the destination, representing transport costs. The

fraction of manufacturing products that successfully arrive after shipment is a key parameter

that influences regional convergence or divergence.

Firms in the model are assumed to operate under a certain labour requirement, with workers

and farmers evenly distributed between the two regions. Farmers are completely immobile,

while workers can move between regions. The supply of workers in each region depends on

the model’s assumptions about mobility and labour distribution. Each firm in the model pro-

duces a single product, and there are many firms in both regions. Firms set prices to maximize

profits, considering the wage rates and demand in their respective regions. The relationship

between the number of manufactured goods produced and the number of workers in each

region is directly proportional.

The model examines regional differences in nominal and real wages of workers between two

regions. If workers in the region with lower real wages migrate towards the other region, it

leads to either regional convergence, where the worker-to-farmer ratio equalizes, or diver-

gence, where workers concentrate in one region. The equilibrium of the model is determined

by the complex interaction of multiple factors, including regional incomes, price indices of

manufactured goods, and nominal wages of workers.
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The key conclusion of the model is that when transportation costs are high, the relative real

wage difference between regions decreases as the share of manufacturing labour increases,

leading to regional convergence. Conversely, when transportation costs are low, an increase

in the share of manufacturing labour leads to higher relative real wages, promoting regional

divergence. Ultimately, if transport costs are sufficiently low, goods are sufficiently differen-

tiated, and expenditure on manufacturing goods is large enough, the economy may develop

into a core-periphery pattern, with all manufacturing concentrated in one region.

In the core-periphery model, there is a trade-off between two opposing effects - centripetal

forces and centrifugal forces - that determines the formation of agglomeration. The home

market effect and price index effect promote agglomeration. The home market effect means

that when increasing return to scale and transportation cost are present, a country with large

domestic demands will have higher output and export goods to other countries. A region with

more workers (meaning more customers) has a larger market, which implies that it is more

profitable to produce in this region because of the transport cost. The home market effect

leads to the fact that the wage rate is higher in a large market. The home market effect is

the force working towards regional divergence. The price index effect indicates that the low

price for manufactured goods results from the large manufacturing sectors. Price index and

homemarket effects imply that higher real wages arise in regions where larger manufacturing

sectors exist.

Krugman (1998) also indicates some forces that are important for spatial concentration. The

centripetal forces include market-size effects (linkages), thick labour markets and pure ex-

ternal economies (e.g., knowledge spillovers). The immobile factors (certain land and natural

resources, and people), land rents and pure external diseconomies (e.g., congestion) are cent-

rifugal forces.

Summary of agglomeration theory

In summary, agglomeration theory is rich but not unifying. Marshall’s agglomeration theory

plays a central role in sufficient theories. Marshall mainly discusses external economies (i.e.,

the factors that affect firms come from something outside the firm) and explains three external

economies of agglomeration: knowledge spillover, input sharing, and labour market pooling.
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Weber’s location theory and Krugman’s core-periphery model both indicate that transport

cost plays a major role in industrial agglomeration. The new economic geography involves

increasing returns andmonopolistic competition since constant returns to scale to some extent

fail to explain the formation and growth of agglomeration (Krugman 1991, Fujita 1988).

Heterogeneous agents have also recently been incorporated to make the model more rigorous.

Table 3.1 displays the Key points of the typical theories in agglomeration.

Table 3.1: Key points of the typical theories in agglomeration.

Theory Unit of agglomeration Key points and conclusions

Marshall (1890)
External eco-
nomies

Agglomeration of small
businesses of a similar
character

External economies of location of industry: input sharing,
knowledge spillover, labour market pooling.

Weber (1909)
Location theory

Agglomeration of any
firms or any industries

The cost of transportation, labour and agglomerative
factors determine the location of industry. The economies
of agglomeration shift the location of firms. The econom-
ies of agglomeration are discussed abroad but not distin-
guished enough.

Porter (1990)
Industry cluster,
Competitiveness
theory

interconnected institu-
tions and firms, such
as suppliers, customers,
financial, training insti-
tutions, etc.

Clusters foster regional or national competitiveness in the
global economy. Competition in clusters increases pro-
ductivity, and innovation and promotes the formation of
new businesses. Factors determine the competitive ad-
vantage: firm strategy, structure and rivalry, demand con-
ditions, factor conditions, related and supporting industry.

Krugman (1991)
New Economic
Geography; The
core-periphery
model

Two sections: man-
ufacturing and farm.
Agglomeration of the
whole manufacturing
sector in the model.

Under the framework of increasing returns and imper-
fect competition. Only focuses on pecuniary externalities
(changes in price). The formation of divergence of two
regions is when the transport cost is low, goods are suf-
ficiently differentiated and expenditure on manufacturing
goods is large.

Glaeser et al.,
(1992); Jacobs
(1969) Dynamic
Externalities

MAR externality (in the
same industry); Jacobs
externality (diversity,
different industries)

Based on endogenous growth theory. The dynamic pattern
of agglomeration mainly focuses on knowledge spillover
in the process. The build-up of knowledge in the long term
through agglomeration.

3.2.2 Drivers and Effects of Agglomeration

Drivers of agglomeration

The causes of agglomeration include physical conditions like natural advantages, home mar-

ket effects, and externalities of agglomeration that encourage firms to agglomerate such as

knowledge spillovers, labour market pooling, and input sharing.
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Ellison & Glaeser (1999a) argue that natural advantage is important for agglomeration. They

use the costs of 16 proxies to reflect the natural advantages. They show that natural advant-

ages explain about 20 percent of the agglomeration and conjecture that more than half of

agglomeration results in natural advantage due to the natural advantage proxy being imper-

fect. Roos (2005) regresses a number of variables capturing geographic features on several

measures of agglomeration. The geographic features include coal, river, lignite, mountain,

national borders, etc., finding that about one third of the agglomeration measure can be at-

tributed to geography.

Holl (2004) examines the effect of large-scale road investment and agglomeration economies

on the creation of firms using municipality-level data in Portugal over the period 1986-1997.

He regresses the share of firm creation on proxies of transport improvement and agglomera-

tion. He finds that transportation infrastructure improvements affect firm-birth concentration

varies in different industries; diversity encourages most firm creation and there is little evid-

ence for the benefits of local specialization on firm-birth.

Rosenthal & Strange (2001) use firm-level data containing over 12 million U.S. firms in

manufacturing industries. They adopt the Ellison & Glaeser (1997) measure of spatial con-

centration and regress it on proxies for knowledge spillovers, labour market pooling, input

sharing, natural advantages that affect input shipping costs, and product shipping costs at the

zip code, county and state levels, respectively. They find evidence that shows the importance

of all these determinants for agglomeration. Some more detailed results indicate that prox-

ies for labour market pooling positively affect agglomeration at all spatial levels; proxies for

knowledge spillovers positively influence agglomeration only at the zip code level; manu-

factured inputs or natural resources and proxies for product shipping costs have a positive

effect at state level but little effect at lower geographical levels.

Using Spanish manufacturing firm data Jofre-Monseny et al. (2011) explore the importance

of the three mechanisms of agglomeration suggested by Marshall (1890). They regress the

count of new firms on labour market pooling, input sharing, and knowledge spillovers, where

labour market pooling is measured by labour similarity, that is the extent to which the dis-

tribution of labour by occupation is similar to another industry; input sharing is measured
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by share of the inputs that one industry purchases from other industries (data are from the

Catalan Input-output Table); and knowledge spillover is measured by technology similarity

in different industries. The result shows evidence of all three agglomeration mechanisms and

their incidence differs in analysis with different spatial scales.

Jofre-Monseny et al. (2014) use city-level data and firm-level manufacturing data in Spain

and regress firms’ profits on local employment within the industry and in other industries to

obtain estimates that reflect the importance of localization economies and urbanization eco-

nomies. They find that localization and urbanization effects are important in many industries.

Then, they regress the two types of estimates on labour market pooling, input sharing, and

knowledge spillovers. They shed light on the causes of localization and urbanization eco-

nomies, finding that urbanization effects are higher in knowledge-advanced industries and

localization effects are higher in industries where more industry-specific workers’ skills are

required and a pool of specialized workers is shared.

The Effect of Agglomeration

Effects of agglomeration on productivity. Ciccone & Hall (1996) explore the effect of state-

level agglomeration (employment density) on productivity (gross state output for the US).

Using US data they build two models: the increasing return of externalities model and the

increasing return variety of intermediate products model, finding that a rise in employment

density increases labour productivity. Ciccone (2002) also investigates the effects of regional

agglomeration (measured by employment density) on average labour productivity of some

European countries: France, Germany, Italy, Spain and the UK. Their estimation is based

on two spatial agglomeration models of increasing returns by Ciccone & Hall (1996). They

find substantial agglomeration effects in these countries and the effects are not significantly

different between these countries.

Balat et al. (2018) investigate the impact of agglomeration on productivity in Colombia with

a firm-level panel that includes input and output data for the period 2005–2013 and a panel

of municipalities that contains information on city characteristics. They use a control func-

tion approach to estimate productivity for each firm, extending the work by Olley and Pakes

(1992). Themeasures of agglomeration include the scale of a city, the degree of sector special-
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ization that captures localization economies or intra-industrial spillovers, industrial variety by

pseudo-Herfindahl indices that capture urbanization economies or cross-industry spillovers,

and level of competition. They find that scale economies do not seem to affect firms’ pro-

ductivity. Additionally, they also show that industrial specialization has a positive impact on

productivity while industrial variety hinders productivity in Colombia.

Agglomeration can also hinder productivity. A dense degree of agglomeration may generate

congestion and fierce competition, and fiercer competition in product and factor markets can

suppress productivity through lower product prices and higher input costs. Lall et al. (1999)

find that geographic concentration of the same industry lowers the productivity of Indian

firms, while access to markets through improvement in inter-regional infrastructure has a

positive effect.

Effects of agglomeration on FDI. Barrell & Pain (1999) explore the effect of host country

labour market institutions and agglomeration on the location decisions in Europe of invest-

ment by US multinational firms. The geographical distribution of US manufacturing foreign

affiliates in EU countries varies, for example, flexible labour markets and lower regulatory

burdens attract inward investment to the UK but cannot account for the rapid growth of in-

ward investment in France and Germany since the single market programme started (Barrell

& Pain 1998). Barrell & Pain (1999) agree with Krugman’s theory of new ergonomic geo-

graphy that emphasizes the increasing return of scale, differentiated products and trade costs

in the location of industry. Barrell & Pain (1999) hold the view that both the firm’s internal

economies of scale and external economies between firms are reasons for agglomeration,

as evolved technology within a firm affects the number of locations used, and technology

spillovers among firms shift the location decision of firms. Barrell & Pain (1999) estimate

the importance of labour costs and agglomeration on US manufacturing FDI in Europe. In

their paper, the strength of agglomeration effects has two measures: the ratios of host country

output (and R&D) to EU output (and R&D). They find that these two agglomeration variables

both have significant positive effects on the stock of FDI. The potential for agglomeration

attracts inward investments.
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Guimaraes et al. (2000) investigate the location decisions of foreign-owned manufacturing

firms in Portugal. Their paper is germane to the theory of urban service agglomeration by

Rivera-Batiz concerning agglomeration economies in consumption and production under in-

creasing returns and monopolistic competition. They regress all investments with foreign

participation on factors like agglomeration, labour costs, population density and education,

finding that agglomeration plays a crucial role in the location selection of FDI.

Effects on innovation. Feldman (1999) reviews innovation and agglomeration studies and

summarizes four strains regarding spillovers in the empirical literature: innovation production

function, patent citation linkages, the mobility of skilled labour and spillover embodied in

traded goods. Baptista & Swann (1998) examine the impact of industry clusters on innovation

with data from 248 manufacturing firms from 1975 to 1982. They find that localization of

specialized industries promotes innovation probably due to technology spillover, while local

diversity of industries does not have a significant effect on innovation.

Antonietti & Cainelli (2011) explore the relationship between agglomeration and innovation

in Italian manufacturing firms. They use the model that identifies the factors underlying the

intensity of R&D investments, R&D capital and innovation output, TFP and export perform-

ance. They find that agglomeration of both specialized industry and a variety of industries

has positive effects on innovation but in different ways. Local diversity promotes R&D and

creates new ideas, while specialization promotes the exploitation of innovation and leads to

higher TFP.

Dynamic agglomeration externalities and location choice. Head et al. (1995) investigate

the positive agglomeration effects on the location choice of firms with data from 751 Japanese

manufacturing firms in the US. They find that MAR externalities significantly affect location

choice. A rise in the degree of agglomeration increases the future selection of that place. Firms

tend to be located where other firms in the same industry are located. They explain that the

externalities of intermediate inputs and technology spillover of the same industry attract firms

to agglomerate.
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Henderson et al. (1995) investigate the dynamic externalities and life cycle of industries with

data for eight manufacturing industries in the US between 1970 and 1987. They test both

MAR externalities (associated with own industry employment) and Jacobs externalities (em-

ployment in different industries in the locality). They find that only MAR externalities for

mature industries, that is, production of mature industries decentralizes to smaller and more

specialized cities; both MAR and Jacobs externalities for new high-tech industries, that is,

new high-tech industries prosper in large, diverse metropolitan areas. Neffke et al. (2011)

investigate the agglomeration externalities and life cycle (young, intermediate, and mature)

of 12 Swedish manufacturing industries. Their results are similar to those of Henderson et al.

(1995): a rise of MAR externalities occurs when industries are more mature, and for young

industries, Jacobs externalities (benefits of local diversity) are positive, but they decrease

when industries mature.

Dumais et al. (2002) examine the dynamic process of geographic concentration. They view

the agglomeration of industries as a dynamic process in which the plant life cycle from birth

to expansion/contraction and then closure contributes to spatial concentration. The agglom-

eration index by Ellison & Glaeser (1997) is extended with two decompositions of concen-

tration changes: industry mobility and plant life cycle. They use US manufacturing industry

data from the Census Bureau’s Longitudinal Research Database and find that there is a large

amount of movement for many spatially concentrated industries, though the industry agglom-

eration level seems fairly constant and has declined only slightly over the last quarter century

in the US. They find that plant birth reduces agglomeration as new firms are generally located

away from established centres. They imply that the effect of industry spillover on new plants

is not sufficiently strong to attract them.

3.2.3 Research on Agglomeration in China

Drivers of agglomeration in China

The drivers of agglomeration in China have also been investigated from different aspects,

including increasing return to scale, transport costs and foreign direct investment. Local pro-

tectionism on the other hand is found to hinder industrial agglomeration (Bai et al. 2004, Lu

& Tao 2009). Wen (2004) examines the trend and drivers of spatial concentration of Chinese
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manufacturing from 1980 to 1995, using data from national industrial censuses, and find-

ing that both transaction and transport costs and increasing return to scale result in industrial

agglomeration in China. Gini coefficients are used to measure spatial concentration. Their

results show that Chinese manufacturing is more spatially concentrated in 1880, 1985 and

1995 and many of them are highly concentrated in some coastal areas in 1995.

In respect of FDI, Hsu et al. (2019) investigate the effect of foreign direct investment on

industrial agglomeration by exploiting the plausibly exogenous relaxation of FDI regulations

between 1997 and 2002. The degree of industrial agglomeration ismeasured using themethod

of Ellison & Glaeser (1997). Hsu et al. (2019) use panel data on industrial firms from the

National Bureau of Statistics of China (NBS) Annual Survey of Industrial firms from 1988-

2007 and a difference-in-differences estimation approach, finding that the FDI deregulation

in 2002 on average led to special dispersion of industries. They develop a theory of a hump

shape between FDI and industrial agglomeration, which indicates that as the scale of the

economy grows to a threshold, FDI induces dispersion due to the high competition pressure

and decreasing diffusion of technology.

Ge (2009) sheds light on the relationship between industrial agglomeration and globaliza-

tion in China by investigating the effects of foreign trade and FDI. Ge uses the Ellison–

Glaeser index to measure industrial agglomeration for two-digit industry during 1998–2005

with the NBS firm dataset and aggregate manufacturing sector statistics from the China Stat-

istical Yearbook. Ge estimates the fixed effect model and system GMM model and provides

three pieces of empirical evidence: first, the increasing degree of industrial agglomeration

from 1985 to 2005, where exporters and foreign-invested firms are more spatially concen-

trated. Second, two determinants of industry location, including foreign trade and FDI, are

examined, and prove to significantly affect firms to locate in regions with access to foreign

markets (easy access to sea transportation). Third, export intensity and foreign investment,

the two determinants of industrial agglomeration, are investigated and proved to positively

affect industrial agglomeration.
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Regarding the effects of local protectionism, Bai et al. (2004) investigate regional special-

ization and local protectionism. They construct a measure of regional specialization called

the Hoover coefficient of localization based on the location quotient with respect to output.

They find that local protectionism discourages industrial agglomeration. The overall time

trend for regional specialization drops in the mid-1980s, and experiences a significant boost

in later years. Lu & Tao (2009) adopt the Ellison and Glaeser measure of agglomeration with

firm data from the Annual Survey of Industrial Firms conducted by China’s National Bur-

eau of Statistics over the period 1998-2005, finding that industrial agglomeration in China

increased consistently during that time. Moreover, local protectionism is indirectly measured

by the share of state-owned enterprises in employment (a higher share presents a higher in-

centive for local protectionism). Their OLS estimation shows that industrial agglomeration is

negatively affected by the share of state-owned enterprises in employment, suggesting local

protectionism obstructs industrial agglomeration in manufacturing sectors. Their result is ro-

bust to instrumental variable estimation with the share of state-owned enterprises in 1985

being the instrumental variable.

The Effects of Agglomeration in China

Agglomeration and productivity. Empirical research on the effects of agglomeration in

China finds that agglomeration increases productivity. Ke (2010) investigates the relation-

ship between industry agglomeration and urban productivity across Chinese cities. The cross-

sectional analysis uses data for 617 cities and data for the number of highways and capacity

of airports in 2005. The results show that agglomeration and urban productivity are mutually

and causally related; employment density has a negative effect on productivity, especially in

prefectures. Their spatial model indicates that productivity in neighbouring cities positively

affects others within a 100km scope.

Lin et al. (2011) use an unbalanced panel dataset for Chinese textile firms over the period

2000-2005 to investigate the dynamics of industrial agglomeration and the effect of agglom-

eration on productivity in the textile industry. They follow the Ellison-Glaeser measure of

spatial concentration and find a slightly decreasing trend of agglomeration in the textile in-

dustry, but the degree of agglomeration of the textile industry in China is high. Additionally,

their analysis shows that industrial agglomeration positively affects productivity.
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Hu et al. (2015) investigate the effect of industrial agglomeration on productivity. They con-

duct panel data analysis with NBS annual survey firm data for three-digit industries between

2000 and 2007 and a cross-section analysis using 2004 census data that incorporate the clus-

tering of small firms. Their agglomeration degree is measured by the index of the number

and average size of firms in each county. They use the input-output tables of China (two-

digit level) to calculate the industry-level input coefficients that measure the degree of ag-

glomeration of the upstream industry. Their estimation model relates the firm’s TFP to the

agglomeration of the same industry and upstream industries. They find that the agglomer-

ation of upstream industries positively and considerably contributes to the TFP of Chinese

firms and the co-location of large firms significantly promotes the TFP. On the other hand,

they also present empirical evidence that the increase in the number of firms in a county

suppresses the TFP, suggesting that severe congestion and competition offset the benefits of

agglomeration.

Wan & Zhang (2018) investigate the effect of infrastructure on productivity in direct and

indirect ways, indirect way meaning that infrastructure affects productivity through the ag-

glomeration channel. Agglomeration is simply measured by the provincial share of sales,

while asset share and the share of the number of firms are used as the other two agglomera-

tion indicators for the robustness check. The infrastructure in their research incorporates road,

telecommunication servers and cable with data collected from provincial statistical yearbooks

in China. Firm-level data come from the annual survey of industrial firms data by China’s

National Bureau of Statistics over the period 2002-2007. They find that both the direct and

indirect effects of infrastructure on productivity are positive and significant. Their results gen-

erated from the two-stage least squares estimation imply that roads and telecommunications

help promote agglomeration.

The effect of agglomeration on exports. Ito et al. (2015) use the Annual Survey of Industrial

Firms over the period 2000-2007 to examine the hypothesis that industrial agglomeration of

exporters lowers the productivity threshold for exporters and promotes the likelihood that

a firm will export. Their semi-parametric quantile regression indicates that the productivity
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advantage of exporters against non-exporters is smaller in agglomerated regions defined as

counties where the number of firms is larger than the 95th percentile of the distribution. Ad-

ditionally, a parametric estimation of the model of export entry shows that the agglomeration

of incumbent exporters contributes to export entry but its magnitude is limited.

The effect of agglomeration on firm size. Li et al. (2012) explore the effect of agglomeration

on firm size. They adopt annual surveys of manufacturing firms by the National Bureau of

Statistics of China from 1998 to 2005. The measure for industrial agglomeration and the

measure for firm size follow the specification of Holmes & Stevens (2002). The historical

population in 1986 is used to instrument the degree of industrial agglomeration. Their results

indicate that industrial agglomeration has a significantly positive effect on firm size and imply

that a firm tends to be larger through spatial concentration with many large firms rather than

with a large number of firms.

3.2.4 Research Gap

Transport costs play a key role in agglomeration (Krugman 1991, Weber 1909). Highways

shorten the time required to transport intermediate goods and reduce transport costs. Addi-

tionally, the construction of highways may lead firms to locate close to access to highways,

and thus they are more likely to be spatially concentrated near them.

There is not much research investigating agglomeration and highways. Song et al. (2012)

investigate the relationship between transport accessibility and industrial agglomeration in

metropolitan Seoul and publish their research in the Journal of Geographical Systems. The

two-digit industry classification is adopted and only 11 industries among 18 two-digit indus-

tries remain in the analysis. Time accessibility of the subway network, road density and the

distance to the national highway are used to measure transport accessibility. They find that

transport networks are positively associated with industrial agglomeration in general. Wan

& Zhang (2018) find that infrastructure positively impacts productivity both directly and in-

directly, with the indirect effect occurring through the agglomeration channel. Their study

shows that roads and telecommunications significantly promote agglomeration, as indicated

by the positive relationship between infrastructure and agglomeration metrics such as the
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provincial share of sales, asset share, and the number of firms. However, most literature in-

vestigating the effect of infrastructure relies on investments or road mileage due to the lack

of GIS data. This study uses GIS data to analyze the explicit location of highways, which is

expected to produce more accurate and detailed results.

3.3 Hypothesis Development

3.3.1 Overall Effect of Highway Access

The relationship between highway access and agglomeration is indeed multifaceted and de-

pends on various factors. While overall, improved highway access tends to positively influ-

ence agglomeration, there is significant heterogeneity in its effects based on industry char-

acteristics and other factors. The impact of reduced transport costs on agglomeration might

follow an inverted U-shaped pattern. Initially, as transport costs decrease, firms might cluster

together to maximize the benefits of agglomeration. However, beyond a certain point, further

reductions in transport costs might encourage firms to disperse, seeking to avoid the down-

sides of high-density locations, this trend also aligns with the theory by Krugman (1979),

who states when transport cost keeps falling, the concentration increase and when transport

cost is zero, the location does not matter.

Firms’ locations are jointly affected by the places of their supplier, customers, and other

firms in the same industry. Firms are supposed to choose to locate where they obtain the

most profits. The effects of lower transport costs on agglomeration can be an inverted U

shape. When transport costs decrease, they can move to where they benefit the most, in this

case, agglomeration provides more benefits, and thus firms can locate together. However, due

to land price and congestion, agglomeration may not most benefit firms. Weber (1909) sug-

gests that as industries cluster together, costs may rise due to increased rent, higher overheads

from elevated land values, and greater labour expenses. These factors encourage industries

to decentralise their locations. Thus the effects of lower transport costs may achieve a peak.

When transport costs are zero, even when labour mobility and knowledge spillover can be
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instantly transferred, firms can locate anywhere, although this situation cannot happen in

reality. Considering the time period of the sample (1998-2007), China experienced fast de-

velopment during this period, thus the overall effects of highway access on agglomeration

are hypothesised to be positive.

3.3.2 Supplier Effect and Highway Access

In addition to the overall positive effects of highway access on agglomeration, this thesis

provides different situations of how highway access can affect agglomeration. Weber (1909)

argues that a firm’s location is influenced by transportation costs related to both the market

and raw materials, taking into account the relative weights of raw and finished products. The

material index quantifies the trade-off in transportation costs between moving goods from

suppliers to customers. Capturing the agglomeration effects of suppliers is challenging with

existing data, as industries often have a diverse range of suppliers and complex supply chains.

This complexity makes it difficult to accurately measure the impact of agglomeration and

the location of all suppliers for each industry. As a result, research often focuses on natural

advantages as a significant type of supplier when examining agglomeration (Marshall 1890,

Weber 1909, Ellison & Glaeser 1999b, Roos 2005, Rosenthal & Strange 2001).

Natural resources represent a specific type of supplier with fixed locations, making their ef-

fects easier to capture. Therefore, we investigate natural resources as a proxy to examine

the impact of supplier agglomeration. Ellison & Glaeser (1999a) argue that natural advant-

age plays a significant role in industrial agglomeration. By using the costs of 16 proxies to

represent natural advantages, they find that these factors account for about 20 percent of ag-

glomeration. They also suggest that the true impact may be even greater, possibly over half,

due to the imperfect nature of the proxies used. Similarly, Roos (2005) indicates that roughly

one-third of agglomeration can be explained by these geographic characteristics.

Since natural resources are immobile, firms tend to locate near these resources when trans-

port costs are high, resulting in a higher level of agglomeration. However, when transport

costs decrease, firms may either continue to cluster together (potentially attracting additional

firms) or relocate to other areas where they can achieve greater profitability, possibly due
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to higher land prices in agglomerated regions. Therefore, the impact of highway access on

agglomeration under these conditions could vary, but it is more likely to be negative. Con-

sequently, we hypothesise that as highway access improves, the influence of natural resources

on within-industry agglomeration is likely to diminish.

3.3.3 Customer Effect and Highway Access

The location of customers significantly influences the spatial decisions of industries. Mar-

shall (1890) notes that customer preferences and convenience significantly influence shop

locations. He observes that customers are willing to travel farther to access specialized shops

for essential goods but prefer nearby stores for everyday purchases. As a result, shops offer-

ing high-value products tend to cluster together, while convenience stores remain dispersed.

This clustering allows businesses to tap into a larger shared customer base.Weber (1909) sug-

gests that when materials, such as wood and grain, are widely available, transportation costs

to customers become crucial. To reduce these costs, firms typically select locations that are

close to their customers. Certain industries, such as those producing perishable goods (e.g.,

fresh food, dairy), service industries (e.g., restaurants) and retail stores, need to be close to

their customers to ensure timely delivery and maintain quality (Marshall 1890). Similarly,

producers of heavy materials like concrete and bricks often locate near construction sites to

reduce transportation costs. These industries typically fall under the category of downstream

industries, which produce goods and distribute them to customers.

Due to the dispersed nature of customer locations, which can include both individual con-

sumers and other industries, capturing the agglomeration effects of customers is inherently

complex. Empirical literature related to industrial agglomeration has not yet developed a

variable specifically designed to capture the effects of customers. To address this gap and

explore how highway access influences agglomeration in industries already affected by cus-

tomer locations, this study uses downstream industries to capture the influence of customers.

When highway access improves, firms can be located away from their customers and be able

to locate together to obtain the benefits of agglomeration. This study hypothesises that for

downstream industries, the effects of highway access on agglomeration are larger.

36



3. The Effects of Highway Access on Within-industry Agglomeration Hypothesis Development

3.3.4 Input-Output adjusted Highway Access

Industries rely on highways for transporting goods both to and from their suppliers and cus-

tomers. When the transportation of goods to suppliers and customers is facilitated by im-

proved infrastructure, it reduces the overall transportation costs for reaching other industries

or the market. Firms aim to maximise their profits and are thus inclined to locate in areas

that offer the greatest profits. This inclination often results in localisation, allowing firms ob-

tain economic externalities of agglomeration, such as improved bargaining power, enhanced

knowledge sharing, and greater labour pooling (Marshall 1890). Therefore, reduced trans-

portation costs contribute to increased within-industry agglomeration.

To assess the extent to which industry uses highways for transporting goods from suppliers

and to customers, it is possible to construct an input-output based measure of highway access.

However, no existing literature has specifically investigated size-adjusted highway access

yet. Typical measures of highway access often overlook the variation in industry sizes and the

differing volumes of goods transported between industries. As the effects of highway access

are homogenous across all industries, this study introduces a novel variable for size-adjusted

highway access, derived from input-output tables. This variable represents the weighted sum

of highway access based on inputs and outputs among one industry and all other industries.

By accounting for the connections between industries via highways, this approach provides

a more accurate measure of highway utilisation.

Highways simplify the transport of inputs and outputs, potentially incentivising firms within

the same industry to concentrate together. This spatial concentration allows them to benefit

from agglomeration externalities and efficiently transport inputs or outputs over long dis-

tances to other industries through improved highway access. Therefore, it is hypothesised

that input-output size-adjusted highway access positively impacts within-industry agglomer-

ation.
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3.4 Data and Methodology

3.4.1 Data and Sample

This study uses a micro-level dataset: the Annual Survey of Industrial Firms (ASIF), which

is collected by the National Bureau of Statistics of China based on the annual survey and

reports submitted by firms. Firm-level data on the manufacturing industries from 1998 to

2007, which includes employment, firm address, industry classification, etc. are employed in

this study.

The ASIF captures industrial enterprises with sales of more than 5 million yuan (around

730,000 US dollars) over the period 1998 to 2007. The ASIF contains incomplete and rough

original data. The data cleaning for the ASIF includes 1) deleting companies with missing

company ID, revenue, total assets, net fixed asset, number of employees, gross output, district

code and firm address; 2) deleting firms whose total assets, fixed assets, output, or paid-in-

capital equal zero or less than zero and deleting firms whose number of employees< 8; 3)

deleting firms whose total assets are less than current assets, total assets are less than net fixed

assets, or accumulated depreciation are less than current depreciation; 4) selecting firms in

the manufacturing sector.

Industry code concordances. The industrial classification system in China was modified once

over the period 1998-2007. Firms used industrial classification system GB/T 4754-1994 over

the period 1998-2002 and GB/T 4754-2002 over the period 2003-2007. There are cases of

several new 4-digit industry codes corresponding to one old 4-digit code, and several old 4-

digit industry codes corresponding to one new 4-digit industry code. The industry concord-

ances by Brandt et al. (2012) solve this problem by generating 4-digit industry adjustment

codes for the old and new industry codes. Thus, this research adopts that list to make the

industry code consistent over the sample period.

Region code concordances. The region code in China changed over the period 1998-2007.

The county-level codes contain 6 digits; the first 4 digits represent the city-level code, and the

first 2 digits are the province-level code. The change of existing county to city, the combina-

tion of existing counties and the establishment of new counties all result in the transformation
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of county codes over time. Additionally, firmsmay report the old region code to the ASIF dur-

ing the sample period. To address these problems, following the idea of Brandt et al. (2012)

who construct industry adjustment codes, this study makes a regional concordance list to

make the regional code consistent over the sample period. The adjustment county codes are

generated and the corresponding county codes (codes for the same place) are converted to

adjustment county codes.

Additionally, China input-output table is used, which is mainly for 3-digit manufacturing

industries after being converted to the GB2002 industry classification.

The National Trunk Highway System plan approved by the State Council in 1992 is the 5-7

plan (5 north-south and 7 east-west routes). The targeted cities are all provincial capitals, cities

with urban population of more than 500,000 and border crossings. This plan was completed

ahead of schedule (2020) by the end of 2007. The State Council later approved an follow-up

print for the National Expressway Network (NEN) in 2004, which is also called the 7-9-18

plan, with 7 radial expressways from the capital, 9 north-south routes and 18 east-west routes.

The aim of 7-9-18 is to connect cities with an urban registered population of over 200,000.

The GIS highway routes are obtained from the ACASIAN Dataset, which is also used by

Faber (2014) when investigating the effect of highway networks on economic activity in

peripheral regions. The annual GIS highway routes from 1998-2007 are used in this research.

3.4.2 Key Variables

Within-industry agglomeration measures

This study adopts the Ellison andGlaeser agglomeration index for themeasurement of within-

industry agglomeration. Ellison & Glaeser (1997) develop a model that analyzes spatial con-

centration, which has been adopted by many studies. This index is based on a theoretical

model developed by Ellison and Glaeser in 1997, which is designed to measure the geo-

graphic concentration of industries as a result of profit-maximizing location choices made

by individual plants. The model assumes that the concentration of an industry arises from a

combination of natural advantages and industry-specific spillovers. Natural advantages refer
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to factors that make certain locations more suitable for specific industries, such as favourable

climates for agriculture. Industry-specific spillovers refer to the benefits that firms receive

from locating near other firms in the same industry, such as shared labour markets and know-

ledge spillovers.

In the model, each firm in an industry chooses its location to maximize its profits. The prof-

itability of locating in a particular area r is influenced by natural advantages, spillovers, and

a random component specific to each firm. The profit function for firm k choosing location

r is given by:

logπkr = logπr +gr(v1, . . . ,vk−1)+ εkr, (3.1)

where πr is the average profitability of area r, gr represents the effect of spillovers, and εkr

is an additional random component.

The EG index quantifies the spatial concentration of an industry by comparing observed

concentration with a benchmark of random distribution. This involves two key measures.

Firstly, the Gini Index (Gi) measures the inequality in the distribution of industry employment

across geographic units. It is calculated as:

Gi ≡ ∑
r
(xr − si

r)
2, (3.2)

where xr is the share of total employment in region r, and si
r is the share of employment in

industry i in region r. The Gini index is zero when an industry’s share of employment in the

region r is equal to the share of total employment of all industries in region r. The Gini index

is larger when there are a smaller number of firms and a larger size of firms, even if locations

are chosen completely at random.

Secondly, the Herfindahl Index (Hi) measures the concentration of firm sizes within the in-

dustry. It is calculated as:

Hi ≡ ∑
j

z2
j , (3.3)
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where z j is the share of employment of firm j in industry i. A higher Herfindahl index in-

dicates a less competitive industry. Hi is between 0 to 1. When the Herfindahl index is 1, it

means the employment share of a firm in its industry is 1, which indicates only one firm in

that industry.

The EG Index (γi) combines these elements to provide a measure of agglomeration that ad-

justs for the size of the regions and the structure of the industry. It is given by:

γi ≡
Gi − (1−∑r x2

r )Hi

(1−∑r x2
r )(1−Hi)

, (3.4)

where Gi is the Gini index of the industry’s employment distribution, (1 − ∑r x2
r ) adjusts

for the size distribution of regions, and Hi is the Herfindahl index of firm sizes within the

industry. The detailed formation of the model is provided in the Appendix.

The value of γi indicates the level of spatial concentration. γi takes a value of zero, meaning

that the industry chooses a random location. A positive γi means industries are in excess

spatial concentration, while a negative γi means that the industry chooses to disperse spatially.

A negative EG value appears when the value of Gi is smaller than Hi.

Considering the choice of region r, the EG index can be computed at different geographic

levels, such as province, city, and county, to capture varying degrees of spatial concentra-

tion. Ellison & Glaeser (1997) calculate the EG index at three geographic levels, including

counties, states, and regions in the US, to capture agglomeration patterns across different

scales. Similarly, this study calculates the EG index at the province, city, and county levels

to account for China’s vast and diverse geographic landscape. This multi-level approach is

essential for understanding how industrial agglomeration varies across different geographic

scales, as concentration patterns may differ significantly depending on the level of aggreg-

ation. By estimating γi at these three levels, the study ensures a more detailed and accurate

analysis of industrial clustering.
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This chapter uses data for firms’ employment number, the industry categories classification

(2-, 3-, and 4-digit), and the regional code (county, city and province level) to compute the

EG index. The EG index calculated by employment is the main measure of agglomeration.

In addition to the EG index, this study also adopts the Gini index for the robustness check.

The Gini index takes the value from zero to one, with zero meaning industry i is equally

distributed and close to one meaning the concentration degree of industry i is high.

Highway Access Variable

In this research, the weighted distance between each industry and highway is used to compute

the explanatory variable-highway access. The formula for the highway access variable is:

highway accessi =
1

distanceindustryi,highway
(3.5)

where the distanceindustry,highway is the weighted mean of Euclidean distance between firms of

each industry and the nearest highways. The weights are calculated by the share of employ-

ment of firms in the industry. The distance from the firm to its nearest highway are computed

by ArcGIS. The formula for the weighted distance between industry i and the highway net-

work is as follows:

distanceindustryi,highway =
n

∑
k=1

distance f irmk,nearest highway ∗weightk (3.6)

where firm k is in industry i. The formula forweightk calculated by employment is:weightk =
employment in f irmk

employment in industryi

The main explanatory variable is highway access. The other form of highway variables used

for robustness tests are:

logdistance = ln(distanceindustryi,highway) (3.7)

(logdistance)−1 =
1

ln(distanceindustryi,highway)
(3.8)
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First, the logarithm of the weighted average distance between industry i and highway is used

for robustness tests. The average weighted distances are positive and large. Using logs nar-

rows the range and mitigates the distributions that are skewed. The variable (logdistance)−1

is the reciprocal of the logdistance.

Input-Output adjusted Highway Access Measurement

The above distance from industry i to the nearest highway, Di, is

Di = ∑
k

wkdistk (3.9)

where distk is the distance from firm k to its nearest highway. wk is the share of firm k in

its industry. This distance measure does not account for variations in industries’ actual usage

of highways. To address this limitation, the study introduces a size-adjusted highway access

measure, termed Input-Output adjusted Highway Access (IOHA). The IOHA quantifies the

extent to which each industry relies on highways for transporting inputs and outputs. Figure

3.1 illustrates the input-output relationships between industries. (I) represents that industry i

receives inputs from industry j, and (II) represents the output from industry i to industry j. If

the input and output sizes are ignored, the highway usage would not be accurate.

Figure 3.1: Input-Output adjusted Highway Access description
Note: The figure illustrates the input-output relationships among industries. Here, i and j denote industry i and
industry j, respectively. The notation (I) indicates that industry i receives inputs from industry j, while (II)
signifies the output from industry i to industry j.
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The IOHA is defined by the following equation.

IOHAi = ∑
p
(si→p + sp→i)∗ (−

Di +Dp

2
) (3.10)

where p denotes industry p. Here p can be equal to i. si→p is the size of industry i’s output to

p. sp→i is the size of industry i’s input from p. si→p can be the value of industry p’s input (xip)

received from industry i, which directly indicates howmuch input is transported between two

industries. Note that in the denominator ∑p xip, xii should be double counted. The diagonal of

the input-output table that reflects the inputs from the own industry should be double counted

in this situation.

The instrumental variables for IOHA are also based on the input-output matrix. For example,

the IV of least cost path routes is

IOLCPi = ∑
p
(si→p + sp→i)∗ (−

DLCP
i +DLCP

p

2
) (3.11)

where IOLCPi is IV for IOHAi. The DLCP
i is the distance from industry i to its nearest least

cost path. si→p is the size of industry i’s output to industry p. sp→i is the size of industry i’s

input from industry p.

3.4.3 Model Specification

The baseline regression model for agglomeration is:

γit = α +β1highway accessit +σXit +δi + εit (3.12)

where γit is the EGwithin-industry agglomeration level of industry i at time t. highway accessit

is the reciprocal of the weighted distance between industry i and the highway. The distance

is the weighted mean of Euclidean distance between firms of each industry and their nearest

highways. The weights are calculated by the share of employment of firms in the industry.

αi is the constant term or intercept. δi is the industry effect. εit is the error term.
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The control variables Xit include Marshall’s three mechanisms of agglomeration (input shar-

ing, labour pooling and knowledge spillovers), natural advantages and upstreamness level.

In the regression, the intermediate input share is the proxy for input sharing; net labour pro-

ductivity is the proxy for labour market pooling, new product ratio is the proxy for knowledge

spillover. The natural advantages have three proxies, which are the agricultural products in-

put share, the fishing products input share and the coal mining products input share, which

are calculated by data from the 2002 China Input-Output table. The upstreamness level is cal-

culated by method of Antràs et al. (2012), which is also computed with data from the 2002

China Input-Output table.

Input sharing. Rosenthal & Strange (2001) use Manufactured inputs per $ of shipment and

nonmanufactured inputs per $ of shipment (e.g. legal, financial services and insurance) as two

proxies for input sharing. Purchased-inputs intensity is used by Lu & Tao (2009) and Holmes

(1999) as a proxy for input sharing. It is defined as the ratio of purchased inputs to total

output. Jofre-Monseny et al. (2011) use the share of the inputs that one industry purchases

from other industries to characterize customer-supplier relations (data are from the Catalan

Input-output Table). Lu&Tao (2009) claim that the purchased inputs share reflects the degree

of input sharing. Following Lu & Tao (2009), the intermediate inputs share is the proxy for

input sharing, which is computed with ASIF data. It is expected to have a positive effect on

industrial agglomeration. More volume of input share means that there is more possibility of

input sharing activities within the industry.

Upstreamness level. The upstreamness or downstreamness level also indicates the input

sharing effect to some extent. An abundant supply of specialized inputs can facilitate geo-

graphic concentration of downstream firms (Marshall, 1920). Downstream industries have

more input sharing opportunities and thus they are expected to be more agglomerated. The

upstreamness level is calculated by themethod of Antràs et al. (2012), which is also computed

using data from the 2002 China Input-Output table at the 3-digit level. The logic is that when

the industry enters the indirect value chain, if the number of stages from final-use produc-

tion is larger, then its weight for upstreamness is higher. A higher value of the upsteamness

measure (U), means there is a higher level of upstreamness.

45



3. The Effects of Highway Access on Within-industry Agglomeration Data and Methodology

Labour market pooling. The three proxies in Rosenthal & Strange (2001) for labour market

pooling are as follows. Net productivity is the proxy, which is the value of shipments less

the value of purchased inputs, divided by employment in the industry. The second is the

ratio of management workers, which is the number of management workers divide by the

sum of management workers and production workers. The third is worker education, that is

the different types of degrees of workers. Lu & Tao (2009) construct a proxy called wage

premium, which is the wage premium of an industry over the average wage in a region and

then weighted average over all regions. They indicate that a higher wage premium means

a higher skill level is required in an industry and labour market pooling is more needed for

higher skill level industries.

In this study, net labour productivity is the proxy for labour market pooling. It is calculated as

the value-added divided by the number of employees. Rosenthal & Strange (2001) use labour

productivity as one of the proxies for labour pooling. Higher labour productivity indicates

there aremore skilled workers in the industry.More skilled workers in a place can attract other

firms which need those skills to that place, and thus leads to a higher level of agglomeration.

Knowledge spillovers. Innovation per $ of shipment is the proxy for knowledge spillover

in Rosenthal & Strange (2001). Innovations are captured by the number of new products in

1982. They reject the patent because an innovation can be related to hundreds of patents and

US patent data are based on product type instead of industry, so it is difficult to match these

two systems. R&D expenditure is not employed by Rosenthal & Strange (2001) either, as they

indicate that many innovations come from practice rather than R&D and R&D expenditure

is related to knowledge spillover in input rather than output.

Lu&Tao (2009) use new products to output ratio as the proxy for knowledge spillovers. They

indicate that the new products in the ASIF database are produced for the first time at least

within a province. It is likely to reflect imitation of other regions or countries. The results of

Lu & Tao (2009) show that the new product ratio significantly increases the agglomeration

level in the pooled OLS but is much weaker in FE. The new product ratio is the proxy for

knowledge spillover in this study, following Lu & Tao (2009).
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Natural advantages. Ellison &Glaeser (1999b) use costs of 16 proxies to reflect the natural

advantages, including six proxies for natural inputs, six for labour inputs and four proxies

for transport costs. The natural inputs consist of electricity, natural gas, coal, agriculture,

livestock and lumber. In their paper, the transport costs of export or import, and transport costs

to the market are two types of variables to capture transport costs. They find about 20 percent

of observed agglomeration can be explained by their set of advantages. Rosenthal & Strange

(2001) control for natural advantages. They use input-output tables from the 1992 Bureau of

Economic Analysis. The proxies for the importance of natural advantages are energy per $

shipment for energy input cost, natural resources per $ shipment for cost of natural resources

and water per $ shipment measures water-related costs.

Lu & Tao (2009) use the ratio of agricultural product usage and the ratio of mining product

usage as two proxies for resource endowments. They use China’s 1997 input-output table

covering 124 sectors which are between the 2-digit and 3-digit industrial classifications. They

match the 124 sectors with the 3-digit industries to regress at 3-digit level. A concordance

table of the 124 sectors with the 3-digit industries is used, which explains why their regression

analysis is carried out at the 3-digit industry level. They find that the two proxies for natural

advantages have positive and mostly statistically significant coefficients.

In this research, the natural advantages have four proxies: input share of agricultural products,

fishing products, coal mining products and petroleum products, which are calculated using

data from China Input-Output table. If there are more natural product inputs, it implies that

the industry is more reliant on natural advantages. Industries that use more natural inputs are

likely to be located near the natural resources and are more concentrated. Using the natural

inputs ratio in regression can test whether an industry which uses more natural inputs is more

concentrated. Thus, their coefficients are expected to be positive.

As a majority number of control variables use data from the IO table, which is mainly at 3-

digit industry level, 3-digit industry level is used for regression. The data are an unbalanced

panel with 161 3-digit industries in 1998-2000 and 2002-2007, and 157 industries in 2001.
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3.5 Summary Statistics and Baseline Results

3.5.1 Summary Statistics of Baseline Variables

The EG index that captures the agglomeration level of each industry is the response variable.

This study uses employment data to calculate the EG index, following Ellison & Glaeser

(1997). The weighted means of the EG index are calculated by the sum of the EG index that

is multiplied by the employment share of each industry. The weighted means are presented

in Table3.2.

Table 3.2: Weighted means of the EG index in China’s manufacturing industries

EG index in employment
Industry and region 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
2-digit industry
county 0.0020 0.0017 0.0019 0.0022 0.0025 0.0032 0.0040 0.0042 0.0043 0.0032
city 0.0043 0.0044 0.0049 0.0057 0.0063 0.0076 0.0092 0.0095 0.0095 0.0096
province 0.0169 0.0183 0.0204 0.0221 0.0242 0.0283 0.0316 0.0326 0.0323 0.0322
3-digit industry
county 0.0047 0.0039 0.0043 0.0049 0.0057 0.0069 0.0080 0.0084 0.0084 0.0072
city 0.0094 0.0095 0.0105 0.0114 0.0130 0.0153 0.0176 0.0181 0.0181 0.0181
province 0.0331 0.0342 0.0374 0.0385 0.0432 0.0488 0.0529 0.0551 0.0545 0.0541
4-digit industry
county 0.0066 0.0059 0.0068 0.0076 0.0090 0.0109 0.0120 0.0125 0.0126 0.0113
city 0.0125 0.0130 0.0147 0.0160 0.0186 0.0216 0.0243 0.0248 0.0250 0.0250
province 0.0409 0.0426 0.0467 0.0485 0.0549 0.0616 0.0665 0.0695 0.0695 0.0696

As shown in Table 3.2, the weighted means of the EG index of all industries in general in-

crease from 1998 to 2006, while decreasing in 2007. The average level of agglomeration tends

to increase over the sample period at county, city and province levels. As Gi ≡ ∑r(xr − si
r)

2,

Gi is larger when a country is divided into fewer geographic regions and γi increases with Gi.

The agglomeration degree at province level is the largest and at the county level is the smal-

lest. The agglomeration degree of 4-digit industry is the largest and the 2-digit industry is the

smallest, showing that narrower industry classification has a higher degree of agglomeration.

For example, if all firms are in one industry category, Gi = 0,Hi approaches zero, and the EG

index is very close to zero.

Ellison and Glaeser define γ > 0.05 as highly spatially concentrated, 0.02 ≤ γ ≤ 0.05 is

somewhat concentrated, and γ < 0.02 is not very concentrated. γ = 0 means the location

is randomly allocated; γ > 0 implies industries are in excess spatial concentration. Table

3.3 summarizes the agglomeration levels computed by employment from 1998 to 2007 and
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compares them with that of previous literature, based on 4-digit industry and county level.

The percentage of industries that are very concentrated almost doubled from 1998 to 2007,

and the percentage of industries that are somewhat concentrated also increased almost 1.5

times. The percentages of the EG index for not very concentrated, somewhat concentrated

and very concentrated in this study are similar to those of Lu & Tao (2009) who also invest-

igate agglomeration in China. Additionally, Table 3.3 shows that the percentage of spatially

concentrated 4-digit industries is lower in China than in the US and UK.

Table 3.3: Percentage of the EG index in employment at 4-digit industry and county
level

Country year Percentage of industries that are
Not very concentrated Somewhat concentrated Very concentrated

This study China 1998 86.32% 10.14% 3.54%
1999 88.65% 9.69% 1.65%
2000 85.07% 11.85% 3.08%
2001 84.88% 11.46% 3.66%
2002 85.38% 10.14% 4.48%
2003 80.90% 13.44% 5.66%
2004 78.54% 15.80% 5.66%
2005 76.42% 17.69% 5.90%
2006 76.42% 17.22% 6.37%
2007 77.36% 15.57% 7.08%

literature
Lu&Tao(2009) China 2005 75.98% 16.20% 7. 82%
Ellison&Glaeser (1997) US 1987 10.00% 65.00% 25. 00%
Devereux et al. (2004) UK 1992 65.00% 19.00% 16. 00%

Note: EGindex < 0.02 is not very concentrated; 0.02 ≤ EGindex ≤ 0.05 is somewhat concentrated;
EGindex > 0.05 as highly spatially concentrated.

Table 3.4 shows the top ten concentrated 3-digit industries at province, city and county levels

respectively. The EG index values are the average EG values for 3-digit industries from 1998

to 2007. The industry code in Table 3.4 is from the GB/T 4754-2002 classification. The top

ten concentrated industries at province, city and county levels are not the same but there are

some overlaps, which shows that industries that are concentrated at one geographic level have

a higher possibility of being concentrated at the other two geographic levels. Additionally,

taking the province level as an example, the top ten concentrated 3-digit industries are from

different sectors, as their broader industry categories (2-digit industries) are different. Coking,

sugar and the aquatic product industry rely more on natural resources; toy manufacturing and

stationery manufacturing industries may be labour-intensive industries; electronic computer

manufacturing may need more skilled workers and a higher level of technology.
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Table 3.4: Top ten concentrated 3-digit industries at province, city and county levels

Top ten concentrated industries at province level
Industry name Industry code EG index (province)

Coking 252 0.2682
Toy manufacturing 244 0.2304
Home audio-visual equipment manufacturing 407 0.2277
Sugar manufacturing 134 0.2069
Watch and timing instrument manufacturing 413 0.1913
Cultural and office machinery manufacturing 415 0.1706
Silk spinning and finishing 174 0.1628
Aquatic product processing 136 0.1460
Other plastic products manufacturing 309 0.1309
Refractory product manufacturing 316 0.1247

Top ten concentrated industries at city level
Industry name Industry code EG index (city)

Motorcycle manufacturing 373 0.0839
Aquatic product processing 136 0.0757
Rare rare earth metal smelting 333 0.0756
Electronic computer manufacturing 404 0.0581
Silk spinning and finishing 174 0.0571
Home audio-visual equipment manufacturing 407 0.0570
Refractory product manufacturing 316 0.0532
Watch and timing instrument manufacturing 413 0.0484
Toy manufacturing 244 0.0431
Stationery manufacturing 241 0.0420

Top ten concentrated industries at county level
Industry name Industry code EG index (county)

Aquatic product processing 136 0.0352
Home audio-visual equipment manufacturing 407 0.0344
Silk spinning and finishing 174 0.0327
Toy manufacturing 244 0.0307
Refractory product manufacturing 316 0.0276
Rare earth metal smelting 333 0.0273
Electronic computer manufacturing 404 0.0255
Amusement equipment and entertainment products manufacturing 245 0.0250
Ceramic products manufacturing 315 0.0224
Bicycle manufacturing 374 0.0215

The weighted distance from industry to highways is used to compute the highway access

variable. Table 3.5 shows the summary statistics of weighted distance from 3-digit industries

to the highway. The unit of distance in the table is metre. It can be found that the weighted

distance gradually reduces over the period.
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Table 3.5: The summary statistics of weighted distance from industry to highway

year mean sd min max
1998 26266 13403 4693 74828
1999 24948 13766 6141 86722
2000 19529 10932 4938 64145
2001 17913 10050 4240 60614
2002 15071 9135 4449 55517
2003 17435 12204 3923 75451
2004 13674 9326 3602 48158
2005 10563 7027 3502 44759
2006 10312 6478 3582 42473
2007 9964 6754 3199 45868
Total 16564 11602 3199 86722

Note: This table shows the weighted distance from 3-digit industries to the highway network from 1998 to
2007. The unit here is metre.

Summary statistics of variables used in the baseline model are displayed in Table 3.6. EG

indices are calculated at county, city and province levels. Highway access is the research

focus and a larger value represents more highway accessibility.

Table 3.6: Summary statistics of variables used in the baseline model

Variable Obs Mean Std. Dev. Min Max

EG index(county) 1,606 0.049 0.051 -0.086 0.327
EG index(city) 1,606 0.016 0.017 -0.023 0.137
EG index(province) 1,606 0.007 0.009 -0.014 0.085
highway access 1,606 0.090 0.055 0.012 0.313
intermediate ratio 1,606 0.703 0.106 0.279 1.000
net labour productivity 1,606 73.601 54.282 0.000 391.572
new product ratio 1,606 0.053 0.041 0.000 0.336
agriculture input share 1,603 0.035 0.097 0.000 0.645
fishing input share 1,603 0.004 0.034 0.000 0.525
coal input share 1,603 0.008 0.040 0.000 0.553
petroleum input share 1,603 0.008 0.059 0.000 0.657
upstreamness 1,603 2.859 1.114 1.121 6.588

51



3. The Effects of Highway Access onWithin-industry Agglomeration Summary Statistics and Baseline Results

3.5.2 The Baseline Results

The pooledOLS and fixed effect estimators are used to estimate the baselinemodel. As shown

in Table 3.7, columns (1), (2) and (3) show the results of pooled OLS for the highway access

variable at province, city and county levels respectively. Columns (4)-(6) and (7)-(9) show

the pooled OLS results for logdistance an (logdistance)−1 respectively, for the robustness

check. The estimated coefficient of the highway access variable is statistically significant with

positive signs of pooled OLS at all three geographic levels, meaning that improved highway

access is associated with a higher level of agglomeration for manufacturing industries.

Comparing the estimated coefficients of highway access at three geographic levels, the coef-

ficients are largest at province level and smallest at county level. The results indicate that

an increase in highway access by 0.1 (with highway access ranging from 0.012 to 0.313 in

the sample) is associated with increases in the EG indices of 0.033, 0.011, and 0.006, re-

spectively, while holding other factors constant. Table 3.2 in the above section shows that

the weighted means of the EG index increase greatly as the geographic level increases from

county level to province level, as from county to province level, a country is divided into

fewer geographic regions, and Gi used to calculate the EG index is larger, which leads to a

higher EG index value. Thus, in Table 3.7, the estimated result for the EG index at province

level is much larger than that at county level, which does not imply that highway access has

more impact on within-industry agglomeration levels at province level than city and county

level.

The estimated coefficients of highway access and (logdistance)−1 (for the robustness test)

are expected to be positive and the estimated coefficients of logdistance (for the robustness

test) are expected to be negative, that is, the increase in the weighted average distance from

industry to highway increases is associated with the decrease in agglomeration level.

The FE estimation results for highway access, logdistance and (logdistance)−1 are shown

in Table 3.8 in Columns (1)-(3), (4)-(6) and (7)-(9), respectively. The coefficients estimated

by FE for all highway variables are statistically significant. An increase in highway access

by 0.1 is associated with increases in the EG indexes of 0.011, 0.008 and 0.003 at province,

city and county levels, respectively, holding other factors fixed. The estimated coefficients
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of logdistance and (logdistance)−1 have expected signs and are consistent with that of the

pooledOLS estimation. Regarding logdistance, the results indicate that the weighted distance

from industry i to a 1% increase in the distance to highways is associated with a decrease in

the EG index value by 0.00013, 0.00006, and 0.00003 at the province, city, and county levels

respectively, while holding other factors constant.

Regarding the performance of Marshall’s three mechanisms, the coefficients for intermediate

ratio and net labour productivity (proxies for input sharing and labour pooling respectively)

are positive and statistically significant at province level with the fixed effect estimate. The

new product ratio has positive but statistically insignificant coefficients in the FE estimation.

With respect to the preformance of natural advantages, agriculture input share does not show

a significant association with economic growth at any regional level. In contrast, fishing

product input share is positively and significantly associated with within-industry agglomer-

ation at the city and county levels. Coal and petroleum input shares are strongly associated

with higher levels of agglomeration at the province level, with petroleum also showing a

positive association at the city level. The overall positive and significant coefficients of these

natural resources variables mean that industries which rely more on natural resources are

more agglomerated as they need to be located near them. This is consistent with the findings

by Lu & Tao (2009) and Ellison & Glaeser (1999a).

Regarding the year effect, preliminary analyses have shown that the inclusion of year fixed

effects leads to insignificant results. This is likely because the year-fixed effects capture broad

temporal trends, including the general increase in agglomeration over time due to infrastruc-

ture developments. Since these broad trends are not the primary focus of the study, their

inclusion could dilute the effect of the factors directly influencing agglomeration, making it

difficult to discern the actual impact of highways. The approach taken aligns with the meth-

odology used in related studies, such as Lu & Tao (2009), which investigates the effect of

local protectionism on agglomeration in China excluding year effects.
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Table 3.7: Pooled OLS results for three forms of highway variables

EG EG EG EG EG EG EG EG EG
(province) (city) (county) (province) (city) (county) (province) (city) (county)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

highway access 0.3326*** 0.1148*** 0.0591***
(0.0785) (0.0243) (0.0118)

logdistance -0.0214*** -0.0070*** -0.0043***
(0.0069) (0.0025) (0.0011)

(logdistance)−1 0.1650*** 0.0568*** 0.0296***
(0.0402) (0.0128) (0.0061)

intermediate_ratio -0.0127 -0.0027 -0.0021 -0.0134 -0.0027 -0.0026 -0.0137 -0.0031 -0.0023
(0.0473) (0.0161) (0.0070) (0.0501) (0.0172) (0.0074) (0.0477) (0.0163) (0.0070)

net_labour_productivity -0.0001 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0001 -0.0000 -0.0000
(0.0001) (0.0000) (0.0000) (0.0001) (0.0000) (0.0000) (0.0001) (0.0000) (0.0000)

new_product_ratio -0.1870** -0.0339 -0.0180 -0.1635* -0.0244 -0.0156 -0.1870** -0.0338 -0.0182
(0.0859) (0.0209) (0.0142) (0.0918) (0.0223) (0.0152) (0.0869) (0.0212) (0.0143)

agriculture 0.1048* 0.0074 -0.0037 0.0984* 0.0043 -0.0036 0.1060* 0.0078 -0.0034
(0.0548) (0.0130) (0.0058) (0.0574) (0.0146) (0.0065) (0.0553) (0.0132) (0.0059)

fishing 0.1707*** 0.1179*** 0.0571*** 0.1574*** 0.1128*** 0.0553*** 0.1691*** 0.1173*** 0.0569***
(0.0423) (0.0142) (0.0061) (0.0445) (0.0152) (0.0064) (0.0425) (0.0143) (0.0061)

coal 0.2106 0.0202 0.0074 0.2005 0.0164 0.0059 0.2088 0.0196 0.0071
(0.1848) (0.0215) (0.0062) (0.1843) (0.0214) (0.0061) (0.1845) (0.0214) (0.0061)

petroleum 0.0154 0.0021 0.0006 0.0115 0.0008 -0.0001 0.0144 0.0018 0.0004
(0.0272) (0.0093) (0.0035) (0.0270) (0.0092) (0.0035) (0.0274) (0.0093) (0.0035)

upstreamness -0.0006 -0.0006 -0.0011** -0.0008 -0.0007 -0.0011** -0.0005 -0.0006 -0.0010**
(0.0034) (0.0011) (0.0005) (0.0036) (0.0011) (0.0005) (0.0034) (0.0011) (0.0005)

_cons 0.0392 0.0117 0.0085 0.1224** 0.0392** 0.0250*** 0.0019 -0.0011 0.0018
(0.0363) (0.0126) (0.0058) (0.0513) (0.0188) (0.0084) (0.0358) (0.0123) (0.0056)

N 1603 1603 1603 1603 1603 1603 1603 1603 1603
r2_a 0.132 0.147 0.155 0.091 0.097 0.126 0.128 0.142 0.153

Note: Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5%
and 1% levels respectively.

Table 3.8: FE estimates results for three forms of highway variables

EG EG EG EG EG EG EG EG EG
(province) (city) (county) (province) (city) (county) (province) (city) (county)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

highway access 0.1068** 0.0756*** 0.0316***
(0.0430) (0.0189) (0.0089)

logdistance -0.0129*** -0.0063*** -0.0027***
(0.0041) (0.0017) (0.0009)

(logdistance)−1 0.0594*** 0.0397*** 0.0165***
(0.0222) (0.0098) (0.0046)

intermediate_ratio 0.0522* 0.0101 0.0042 0.0522* 0.0104 0.0043 0.0523* 0.0102 0.0043
(0.0281) (0.0114) (0.0063) (0.0284) (0.0116) (0.0064) (0.0281) (0.0114) (0.0063)

net_labour_productivity 0.0002*** 0.0000 0.0000 0.0001*** 0.0000 0.0000 0.0001*** 0.0000 0.0000
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

new_product_ratio 0.0396 0.0682 0.0207 0.0345 0.0670 0.0201 0.0390 0.0680 0.0206
(0.1106) (0.0475) (0.0291) (0.1113) (0.0481) (0.0294) (0.1105) (0.0475) (0.0291)

agriculture 0.0022 -0.0073 -0.0110 0.0064 -0.0045 -0.0098 0.0028 -0.0067 -0.0108
(0.0261) (0.0083) (0.0076) (0.0244) (0.0079) (0.0075) (0.0259) (0.0082) (0.0075)

fishing -0.0340 0.0180*** 0.0161*** -0.0303 0.0192*** 0.0166*** -0.0335 0.0182*** 0.0162***
(0.0246) (0.0055) (0.0035) (0.0207) (0.0041) (0.0027) (0.0241) (0.0052) (0.0033)

coal 0.2357*** 0.0353 -0.0015 0.2114*** 0.0256 -0.0058 0.2322*** 0.0333 -0.0023
(0.0530) (0.0218) (0.0102) (0.0444) (0.0179) (0.0085) (0.0520) (0.0211) (0.0099)

petroleum 0.2258*** 0.0401** -0.0013 0.2029*** 0.0316** -0.0051 0.2223*** 0.0382** -0.0020
(0.0451) (0.0189) (0.0088) (0.0385) (0.0159) (0.0076) (0.0443) (0.0184) (0.0086)

upstreamness 0.0047 0.0003 0.0008 0.0036 -0.0002 0.0006 0.0046 0.0002 0.0008
(0.0038) (0.0012) (0.0006) (0.0039) (0.0013) (0.0006) (0.0038) (0.0012) (0.0006)

_cons -0.0275 -0.0048 -0.0026 0.0205 0.0193 0.0078 -0.0417* -0.0142 -0.0064
(0.0239) (0.0107) (0.0055) (0.0325) (0.0140) (0.0070) (0.0227) (0.0106) (0.0054)

N 1603 1603 1603 1603 1603 1603 1603 1603 1603
r2_a 0.165 0.160 0.079 0.172 0.144 0.073 0.167 0.162 0.079

Note: Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5%
and 1% levels respectively. This table shows the FE results without the year effect. When adding the year effect, the results are not significant
because highways expand and the trend of agglomeration increases, the year effect explains the increase in the level of agglomeration, which
makes no economic sense. Additionally, Lu & Tao (2009) do not include the year effect when investigating the effect of local protectionism on
agglomeration.
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3.5.3 Robustness Tests for the Baseline Model

Gini index. The Gini index is used as a robustness check for the EG index. Table 3.9 il-

lustrates the pooled OLS and FE estimates results for the Gini index. The highway access

variable has positive and significant coefficients with pooled OLS and less significant coef-

ficients with FE, which indicates that in general, improved highway access is associated with

spatial concentration calculated using the Gini index.

Table 3.9: Pooled OLS and FE results for the Gini index calculated by employment

Pooled OLS FE

Gini Gini Gini Gini Gini Gini
(province) (city) (county) (province) (city) (county)

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

highway access 0.3148*** 0.1276*** 0.0731*** 0.0797* 0.0653** 0.0230
(0.0748) (0.0349) (0.0268) (0.0447) (0.0278) (0.0264)

intermediate_ratio -0.0171 -0.0095 -0.0086 0.0443 0.0050 -0.0009
(0.0457) (0.0222) (0.0160) (0.0270) (0.0182) (0.0196)

net_labour_productivity -0.0001 -0.0001* -0.0001** 0.0001** -0.0000 -0.0000
(0.0001) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

new_product_ratio -0.1948** -0.0581 -0.0426 -0.0687 -0.0420 -0.0877
(0.0962) (0.0472) (0.0464) (0.1000) (0.0655) (0.0561)

agriculture 0.0873* -0.0018 -0.0129 -0.0026 -0.0118 -0.0156*
(0.0509) (0.0151) (0.0102) (0.0241) (0.0099) (0.0091)

fishing 0.1443*** 0.1025*** 0.0428*** -0.0306 0.0210*** 0.0193***
(0.0394) (0.0162) (0.0102) (0.0187) (0.0043) (0.0041)

coal 0.1875 0.0155 0.0026 0.1859*** 0.0125 -0.0236*
(0.1613) (0.0212) (0.0173) (0.0486) (0.0222) (0.0140)

petroleum 0.0117 0.0011 -0.0006 0.1695*** 0.0085 -0.0320**
(0.0304) (0.0178) (0.0129) (0.0413) (0.0192) (0.0132)

upstreamness -0.0009 -0.0010 -0.0014 0.0034 -0.0003 0.0002
(0.0035) (0.0020) (0.0017) (0.0036) (0.0014) (0.0012)

_cons 0.0550 0.0317* 0.0284** 0.0005 0.0211 0.0236
(0.0358) (0.0184) (0.0142) (0.0221) (0.0160) (0.0174)

N 1603 1603 1603 1603 1603 1603
r2_a 0.115 0.068 0.037 0.092 0.027 0.019

Note: Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the
coefficient is significant at the 10%, 5% and 1% levels respectively.
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EG index calculated by 2004 economy census data. The first economy census was conduc-

ted in 2004 in China and the second, third and fourth economic censuses were in 2008, 2013

and 2018, respectively. The economy census and industry census data have the advantage

of containing small firms while the ASIF dataset records only firms with sales of more than

5 million yuan. Additionally, the ASIF is at the firm level but the industry census data is at

the plant level. This study uses the 2004 economy census data to capture the agglomeration

degree of manufacturing industries.

Table 3.10 shows the empirical results for the baseline model using the 2004 economy census

data. In terms of the highway access variable, all coefficients are statistically significant and

have expected signs, indicating that after including small firms, improved highway access is

still associated with higher within-industry agglomeration levels. The estimated coefficients

using the 2004 economy census data are larger than those using the ASIF dataset in Table

3.7, indicating that improved highway access is associated with more spatial concentration

when small firms are included.

Table 3.10: OLS results with 2004 economy census data

EG EG EG EG EG EG EG EG EG
(province) (city) (county) (province) (city) (county) (province) (city) (county)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

highway access 1.0685*** 0.4489*** 0.3573***
(0.3361) (0.1171) (0.1075)

logdistance -0.0574** -0.0274*** -0.0226***
(0.0229) (0.0089) (0.0080)

(logdistance)−1 0.5173*** 0.2196*** 0.1755***
(0.1698) (0.0587) (0.0534)

intermediate_ratio 0.0102 0.0390 0.0373 0.0229 0.0425 0.0396 0.0107 0.0390 0.0373
(0.0662) (0.0533) (0.0541) (0.0740) (0.0552) (0.0555) (0.0676) (0.0536) (0.0543)

net_labour_productivity 0.0001 0.0003 0.0003 0.0002 0.0003 0.0003 0.0001 0.0003 0.0003
(0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003)

new_product_ratio -0.4210*** -0.1944** -0.2016** -0.3250** -0.1663* -0.1821** -0.4103** -0.1913** -0.1995**
(0.1593) (0.0933) (0.0921) (0.1458) (0.0926) (0.0918) (0.1585) (0.0932) (0.0920)

agriculture 0.1080* -0.0168 -0.0297 0.0750 -0.0237 -0.0336 0.1074* -0.0163 -0.0291
(0.0574) (0.0445) (0.0454) (0.0616) (0.0459) (0.0462) (0.0588) (0.0447) (0.0455)

fishing 0.0836** 0.0295 -0.0022 0.0611 0.0229 -0.0069 0.0810** 0.0287 -0.0027
(0.0383) (0.0305) (0.0304) (0.0428) (0.0322) (0.0318) (0.0391) (0.0308) (0.0306)

coal 0.7499*** 0.2930*** 0.1644** 0.6921*** 0.2887*** 0.1656** 0.7561*** 0.2975*** 0.1685**
(0.1340) (0.0736) (0.0712) (0.1542) (0.0839) (0.0784) (0.1404) (0.0753) (0.0725)

upstreamness -0.0062 -0.0067 -0.0057 -0.0059 -0.0066 -0.0056 -0.0062 -0.0067 -0.0056
(0.0065) (0.0044) (0.0043) (0.0073) (0.0045) (0.0044) (0.0066) (0.0044) (0.0043)

_cons -0.0211 -0.0365 -0.0391 0.1963** 0.0655* 0.0446 -0.1406* -0.0874 -0.0798
(0.0533) (0.0486) (0.0504) (0.0903) (0.0390) (0.0369) (0.0751) (0.0588) (0.0603)

N 161 161 161 161 161 161 161 161 161
r2_a 0.237 0.198 0.202 0.099 0.141 0.161 0.216 0.189 0.195

Note: Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient is
significant at the 10%, 5% and 1% levels respectively.
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3.6 Endogeneity and IV Estimation

3.6.1 Identification and Endogeneity

Highway networks are not constructed randomly and are likely to be locatedwhere population

density is higher. Some omitted factors are correlated with the highway access variable. Ad-

ditionally, with industrial agglomeration and highway networks, it may be a case of reverse

causality, as agglomeration may lead to the construction of highway routes. In order to ad-

dress these endogeneity problems, this study uses three types of instrumental variables for the

highway access variable, including the historical routes, least cost path minimum spanning

tree network and the Euclidean straight line minimum spanning tree networks. Time-variant

IVs are adopted to fit better with the highway independent variables and panel data analysis.

Instrumental Variables

Historical roads. Duranton & Turner (2012) first applied a historical route IV approach

that used colonial routes or ‘caminos reales’ and the 1938 road network as time-invariant

instruments. Later, Garcia-López et al. (2015), Martincus et al. (2017) and Baum-Snow et al.

(2017) also use time-invariant historical roads as instruments. Baum-Snow et al. (2015) use

the 1962 road network as an instrument for the 2010 highway network in China, based on

the idea that the 1962 roads primarily served as connections from agricultural areas to nearby

cities to move agricultural goods to local markets. The 1962 roads could be upgraded to

modern highways at a lower cost than establishing new highways. They indicate that locations

with more 1962 roads also had more highways in 2010. Baum-Snow et al. (2017) also use

road and railways in 1962 as instruments for modern infrastructure.

Holl (2016) uses a time-variant historical road IV approach, following the strategy ofHornung

(2015). He generates a 10 km corridor along the highways that open to traffic during a given

year. Then, 1760 postal routes and Roman roads that fall within the 10 km corridor (buffer)

along the highways are selected as instruments. Holl (2016) uses log (distance to the nearest

highway) as the explanatory variable, and this study follows Holl’s time-variant IV approach.
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Figure 3.2: Intersections of 10km highway buffers and Ming routes from 1998 to 2007
Note: The network in red depicts the intersections of 10km highway buffers and Ming routes from 1998 to
2007.
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Figure 3.3: Intersections of 10km highway buffers and Qing routes from 1998 to 2007
Note: The network in green depicts the intersections of 10km highway buffers and Qing routes from 1998 to
2007.

This research uses three kinds of historical routes to construct the historical routes instru-

mental variable, including routes in the Ming Dynasty (1364—1644) and Qing Dynasty

(1636-1912), and the combination of these two routes. Ming Dynasty Courier Routes used in

this research come from Harvard Dataverse provided by Berman & Zhang (2017) and Qing

Courier routes come from Skinner et al. (2008). According to Holl (2016) for constructing the

time-variant variable for highway variables, takingMing routes as an example, this study first
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creates a 10km corridor along highways constructed per year from 1998 to 2007. Second, the

Ming routes located within the 10km buffer are selected and thus, there are ten intersections

of highway buffers and Ming routes from 1998 to 2007. This study also constructs 5km and

20km corridors. Then, the weighted distance from industry to the time-variant historical road

is the instrument for highway variables. Figures 3.2 and 3.3 present the intersections of 10km

highway buffers and Ming routes, and 10km highway buffers and Qing routes from 1998 to

2007.

Table 3.11 shows the summary statistic of the weighted distance (in metres) from industry to

the intersections of the 10km highway buffer with Ming routes, Qing routes and the combin-

ation of these two. The trends of the mean distance in these three routes are similar and in

general show decreasing distance over time.

Three forms of historical routes IVs for each route are shown:

historical accessibility =
1

distanceindustry,historical route
(3.13)

For the robustness checks:

loghistorical = ln(distanceindustry,historical route) (3.14)

(loghistorical)−1 =
1

ln(distanceindustry,historical route)
(3.15)

In summary, the historical routes IV includes Ming routes, Qing routes and the combination

of Ming and Qing routes. The intersections with 5, 10 and 20km corridors along highways

are used for each route.

Least cost path minimum spanning tree network. This research follows Faber (2014) to

construct the Least Cost Path Minimum Spanning Tree network (LCP-MST) network as an

instrumental variable for the highway variable. The LCP-MST network is correlated with

the highway variable due to the construction of highways depending on the cost of land use

and slope, and LCP-MST is purely about that. The target cities are selected according to the

highway construction plan in China. The NTHS plan approved by the State Council in 1992
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Table 3.11: Summary statistics of the distance from industry to historical routes

year mean sd min max
Ming routes

1998 68813 35258 16806 217937
1999 64873 32229 20706 203379
2000 59062 30080 22117 213358
2001 56404 28908 20833 177981
2002 55034 31787 9527 227071
2003 59938 35054 10364 227728
2004 53219 28666 11770 200952
2005 49296 25489 7940 169252
2006 48665 24932 8757 162096
2007 48962 26335 6992 159261
Qing routes

1998 111220 45750 40821 377317
1999 111614 44292 48519 390190
2000 105065 43512 50382 380677
2001 102031 42537 45732 380734
2002 101790 46335 51137 379093
2003 106771 45725 30745 383566
2004 104692 43036 20445 370147
2005 102530 41912 22664 371908
2006 103709 42652 24063 387031
2007 104003 45084 21038 392893
Combination of Ming and Qing routes

1998 67319 35201 15861 218180
1999 63040 32066 19911 199912
2000 56938 29930 21743 214076
2001 54434 28693 20578 178342
2002 53160 31597 9302 227274
2003 57706 34639 10043 227630
2004 50917 28125 11516 197987
2005 47092 24925 7625 165559
2006 46265 24339 8446 158106
2007 46537 25771 6641 155289

Note: This table shows the weighted distance from industry to the intersections of the 10km highway buffer
with Ming routes, Qing routes and the combination routes. The unit here is the metre.
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is the 5-7 plan (5 north-south and 7 east-west routes). The targeted cities are all provincial

capitals, cities with an urban population of more than 500,000 and border crossings. The State

Council approved a follow-up plan for NEN in 2004 (7-9-18 plan, with 7 radial expressways

from the capital, 9 north-south routes and 18 east-west routes). The aim of 7-9-18 is to connect

cities with a registered urban population of over 200,000.

The targeted nodes are selected from a report written by the Ministry of Transport of China,

which shows the NTHS plan approved in 1992. The NTHS was constructed based on it. The

report written by the Ministry of Transport displays 114 targeted nodes, which are used to

construct the least cost path spanning tree network instruments. Moreover, in 2004, more

cities were in the NEN plan, and thus this study extends the targeted nodes to 323.

The least cost paths between targeted nodes on the basis of remote sensing data on land

cover and elevation are computed. The land cover and elevation data of China in 2000 are

collected from DIVA-GIS. This research uses a construction cost function by Faber (2014),

which assigns higher construction costs to land parcels with steeper slope gradients and land

cover classified as water, wetlands, or built-up areas. The cost function is:

costi = 1+ slopei +25wateri +25wetlandi +25developedi (3.16)

where costi is the cost of crossing a pixel of land i. Slopei is land i’s average slope gradient.

wateri, wetlandi and developedi indicate whether the pixel is covered by water, wetland or

built-up area. This study uses the remote sensing data on land cover and elevation in 30 arc

seconds (approximately 0.82x0.82 km²) to compute the cost for a continuous grid of land

parcels.

The minimum spanning tree algorithm is used to identify the subset of routes that connect

all targeted nodes based on the global minimum construction cost. Figure 3.4 illustrates the

LCP-MST (in blue) constructed with 114 targeted nodes. The network in red depicts the high-

way network in 2007. Figure 3.5 displays the LCP-MST constructed with 323 targeted nodes,

which has more routes than LCP-MSTwith 114 targeted nodes. The two LCP-MST networks
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have fewer routes than the highway network as the minimum spanning tree algorithm con-

nects all targeted nodes on a single continuous network subject to global construction cost

minimization, and thus does not allow circles in the network, while the NTHS and NEN

networks allow circular routes to connect cities.

Figure 3.4: Least cost path spanning tree network with 114 targeted nodes

Note: The network in blue depicts the least cost path spanning tree network with 114 target nodes. The
network in red depicts highways in 2007. The light blue points are the targeted nodes.
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Figure 3.5: Least cost path spanning tree network with 323 targeted nodes

Note: The network in black depicts the least cost path spanning tree network with 323 target nodes. The
network in red depicts the highway network in 2007. The green points are the targeted nodes.

Time-variant LCP-MST is constructed at the intersections between 5, 10, 20km highway

corridors and LCP-MST. The statistical summary of least cost path spanning tree network

instruments by 10km corridor and 114 target nodes is shown in Table 3.12. It describes the

weighted distance from industry to the least cost path spanning tree network from 1998 to

2007. The mean distance for 5, 10, and 20km highway corridors does not decrease over the

period 1998-2007, which is different from the trends of the historical routes variable and

the highway variable. The mean distance to the LCP-MST is much lower than to historical

routes, which makes sense as Ming routes do not cover the west and the most northern parts

of China.

64



3. The Effects of Highway Access on Within-industry Agglomeration Endogeneity and IV Estimation

Table 3.12: Summary statistics of LCP-MST with NTHS nodes

year mean sd min max
1998 38464 17726 7799 101685
1999 36682 16903 7391 97202
2000 35110 15998 10874 90074
2001 33293 15538 4486 84576
2002 31932 15065 4956 91045
2003 39244 20255 10972 127274
2004 36719 18659 11992 99836
2005 35687 17662 12110 94209
2006 36186 17495 13947 96267
2007 36350 17742 14001 101241
Total 35973 17443 4486 127274

Note: This table shows the weighted distance from industry to the least cost path spanning tree network by
10km corridor and 114 target nodes from 1998 to 2007. The LCP-MST variables constructed by 5km and
20km are not displayed, as they have a similar trend to that of 10km from 1998 to 2007. The unit here is the
metre.

Table 3.13: Summary statistics of LCP-MST with mixed target nodes

year mean sd min max
1998 38464 17726 7799 101685
1999 36682 16903 7391 97202
2000 35110 15998 10874 90074
2001 33293 15538 4486 84576
2002 31932 15065 4956 91045
2003 39244 20255 10972 127274
2004 22440 14644 6959 105822
2005 20956 13662 5660 90234
2006 21235 13550 5830 90338
2007 21477 14264 6054 92942
Total 30075 17438 4486 127274

Note: This table shows the weighted distance from industry to the least cost path spanning tree network by
10km corridor and 114 target nodes from 1998 to 2003, 323 target nodes from 2004 to 2007. The LCP-MST
variables constructed by 5km and 20km are not displayed, as they have a similar trend to that of 10km from
1998 to 2007. The unit here is the metre.

In addition to 114 and 323 targeted nodes LCP-MST networks, this research also builds a

mixed nodes LCP-MST network. It has 114 targeted nodes from 1998 to 2003 and 323 nodes

from 2004 to 2007 in order to extend the targeted cities for the NEN plan after 2004 and

upgrade target nodes for highway construction. The statistical summary of least cost path

minimum spanning tree network variable with 10km highway buffer and mixed target nodes

is shown in Table 3.13. The trend of the mean decreases over time in general, which is ex-

pected to fit the highway variable better than that of the 114 target nodes.
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Euclidean spanning tree networks IV. The Euclidean spanning tree network is constructed

following the method of Faber (2014). It uses the same targeted nodes as the least cost path

spanning tree network. Euclidean straight line bilateral connections are used to connect them.

Then, the minimum spanning tree network selects the routes subject to minimizing the global

network length. Figures 3.6 and 3.7 display the constructed Euclidean spanning tree networks

with target nodes in the NTHS plan and NEN plan respectively. The network in black depicts

the Euclidean spanning tree networks. The network in red depicts the highway network in

2007. The Euclidean straight line spanning tree network is less precise regarding the actual

construction of highway routes and is expected to be weaker than that of LCP-MST IVs.

Figure 3.6: Euclidean spanning tree network with target nodes in NTHS plan

Note: The network in black depicts the Euclidean spanning tree network with target nodes in the NTHS plan.
The network in red depicts the highway network in 2007. The light blue points are the NTHS targeted nodes,
including 114 nodes.
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Figure 3.7: Euclidean spanning tree network with target nodes in NEN plan

Note: The network in black depicts the Euclidean spanning tree network with target nodes in the NEN plan.
The network in red depicts the highway network in 2007. The light green points are the NEN targeted nodes,
including 323 nodes.

Time-variant Euclidean-MST IVs are constructed with 5, 10 and 20km highway corridors

and NTHS, NEN and the mixed target nodes in this study. The forms of Euclidean-MST or

LCP-MST have three types corresponding to three types of highway variables.

MST accessibility =
1

distanceindustry,MST network
(3.17)

For the robustness checks:

logMST = ln(distanceindustry,MST network) (3.18)

(logMST )−1 =
1

ln(distanceindustry,MST network)
(3.19)
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Comparison of three types of instruments. The instrument variable needs to satisfy the Rel-

evance Condition and Exclusion Restriction.

corr(z,x) ̸= 0 (3.20)

corr(z,e) = 0 (3.21)

The instrument must be correlated with x, and can only affect y through the channel of x.

Table 3.14: Pros and cons of three types of IVs

Historical routes Least cost path Euclidean
spanning tree spanning tree

Relevance Condition May be weak More accurate Less accurate

Adjustable NO YES YES
select targeted nodes, add routes select targeted nodes, add routes

Exclusion Restriction More exogenous Less exogenous Less exogenous
due to targeted nodes due to targeted nodes

Time-variant YES YES YES

Historical routes, the LCP-MST network and Euclidean-MST network have their pros and

cons, which are displayed in Table 3.14. First, historical routes and the Euclidean routes can

be weaker than the LCP-MST. Second, the targeted nodes in the least cost path and Euclidean

spanning tree networks can be adjusted to construct better IVs. We can also add other routes

to these two networks, for example, routes based on the NTHS plan (5 north-south and 7

east-west routes). However, the target nodes in the least cost path and Euclidean spanning

tree are the developed cities with higher populations, which has the possibility of making the

instrument correlated to the error term.

3.6.2 IV Estimation Results

The estimation results of FE-2SLS with the historical routes instrument, least cost path span-

ning tree instrument, and Euclidean spanning tree instrument are described in three sections.

These three types of IVs are all time-variant.
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Historical Routes IV

Table 3.15 displays the estimation results using the Ming routes instrument (Columns 1-3)

and Qing routes instrument (Columns 4-6) and the combination of Ming routes and Qing

routes instrument (Columns 7-9). The variable highway access is the research focus. As

shown in Table 3.15, which displays results with the Ming routes IV, the estimated coef-

ficients of highway access obtained from the fixed effect-2SLS estimator are positive and

statistically significant at the province level. The Ming route IV is significantly correlated

with the highway access variable. The Kleibergen-Paap rk Wald F statistic is used to test the

weak identification, and its results indicate that the weak instrument null hypothesis is rejec-

ted. The Kleibergen-Paap rk LM statistic and its p-value are also reported, and indicate that

it passes the under-identification test. Additionally, the estimated coefficients of the interme-

diate ratio are statistically significant and positive in FE-2SLS estimation at province levels,

indicating a higher level of input sharing leading to a higher level of agglomeration.

The estimation results show that the Qing routes instrument is a weaker IV than the Ming

routes instrument. The Kleibergen-Paap rkWald F statistic indicates that the weak instrument

null hypothesis is not rejected. ForQing routes IV, the estimated coefficients of highway access

obtained from the fixed effect-2SLS estimator are also positive and statistically significant at

province levels. The estimated coefficients of the intermediate ratio are positive and insigni-

ficant. The coefficients of net labour productivity are negative and insignificant. The proxy

for knowledge spillovers has positive but insignificant coefficients. As shown in Columns

(7)-(9), the combination of Ming routes and Qing routes IV obtains results consistent with

those of Ming routes, including the coefficients for highway access and control variables.
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Table 3.15: FE-2SLS results with historical routes IVs

EG EG EG EG EG EG EG EG EG
(province) (city) (county) (province) (city) (county) (province) (city) (county)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: Second stage of FE-2SLS

highway access 0.3379*** 0.0792 0.0157 0.7957*** 0.1985 0.0810 0.3135*** 0.0750 0.0126
(0.080) (0.054) (0.030) (0.251) (0.128) (0.078) (0.083) (0.052) (0.029)

intermediate_ratio 0.0494* 0.0100 0.0044 0.0439 0.0086 0.0036 0.0497* 0.0101 0.0044
(0.030) (0.011) (0.006) (0.040) (0.013) (0.007) (0.029) (0.011) (0.006)

net_labour_productivity 0.0000 0.0000 0.0000 -0.0002 -0.0000 -0.0000 0.0000 0.0000 0.0000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

new_product_ratio 0.0276 0.0680 0.0215 0.0038 0.0618 0.0181 0.0289 0.0682 0.0217
(0.107) (0.047) (0.029) (0.120) (0.048) (0.029) (0.107) (0.047) (0.029)

agriculture -0.0049 -0.0074 -0.0105 -0.0189 -0.0110 -0.0125 -0.0041 -0.0072 -0.0104
(0.030) (0.008) (0.008) (0.042) (0.010) (0.008) (0.029) (0.008) (0.008)

fishing -0.0281 0.0181*** 0.0157*** -0.0165 0.0212*** 0.0174*** -0.0287 0.0180*** 0.0156***
(0.024) (0.005) (0.004) (0.023) (0.006) (0.004) (0.024) (0.005) (0.004)

coal 0.2153*** 0.0350 -0.0001 0.1749*** 0.0244 -0.0059 0.2174*** 0.0353 0.0002
(0.056) (0.022) (0.010) (0.065) (0.025) (0.013) (0.055) (0.022) (0.010)

petroleum 0.2005*** 0.0397** 0.0005 0.1505** 0.0267 -0.0067 0.2032*** 0.0402** 0.0008
(0.048) (0.020) (0.009) (0.061) (0.024) (0.013) (0.048) (0.020) (0.009)

upstreamness 0.0043 0.0003 0.0008 0.0034 0.0000 0.0007 0.0043 0.0003 0.0008
(0.004) (0.001) (0.001) (0.004) (0.001) (0.001) (0.004) (0.001) (0.001)

Observations 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603
Number of industry 161 161 161 161 161 161 161 161 161

Panel B: First stage of FE-2SLS

Ming road access 2.2843*** 2.2843*** 2.2843***
(0.3776) (0.3776) (0.3776)

Qing road access 2.5403*** 2.5403*** 2.5403***
(0.6445) (0.6445) (0.6445)

combine access 2.1919*** 2.1919*** 2.1919***
(0.3293) (0.3293) (0.3293)

intermediate_ratio 0.0262 0.0262 0.0262 0.0118 0.0118 0.0118 0.0267 0.0267 0.0267
(0.0362) (0.0362) (0.0362) (0.0397) (0.0397) (0.0397) (0.0362) (0.0362) (0.0362)

net_labour_productivity 0.0004*** 0.0004*** 0.0004*** 0.0005*** 0.0005*** 0.0005*** 0.0004*** 0.0004*** 0.0004***
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

new_product_ratio 0.1091 0.1091 0.1091 0.0965 0.0965 0.0965 0.1013 0.1013 0.1013
(0.0808) (0.0808) (0.0808) (0.0911) (0.0911) (0.0911) (0.0794) (0.0794) (0.0794)

agriculture 0.0356 0.0356 0.0356 0.0383 0.0383 0.0383 0.0361 0.0361 0.0361
(0.0311) (0.0311) (0.0311) (0.0352) (0.0352) (0.0352) (0.0315) (0.0315) (0.0315)

fishing -0.0133 -0.0133 -0.0133 -0.0212* -0.0212* -0.0212* -0.0126 -0.0126 -0.0126
(0.0108) (0.0108) (0.0108) (0.0116) (0.0116) (0.0116) (0.0106) (0.0106) (0.0106)

coal 0.0536 0.0536 0.0536 0.0782** 0.0782** 0.0782** 0.0482 0.0482 0.0482
(0.0419) (0.0419) (0.0419) (0.0371) (0.0371) (0.0371) (0.0443) (0.0443) (0.0443)

petroleum 0.0705* 0.0705* 0.0705* 0.0997*** 0.0997*** 0.0997*** 0.0660 0.0660 0.0660
(0.0397) (0.0397) (0.0397) (0.0355) (0.0355) (0.0355) (0.0415) (0.0415) (0.0415)

upstreamness 0.0014 0.0014 0.0014 0.0029 0.0029 0.0029 0.0011 0.0011 0.0011
(0.0042) (0.0042) (0.0042) (0.0043) (0.0043) (0.0043) (0.0042) (0.0042) (0.0042)

N 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603
r2_a 0.508 0.508 0.508 0.428 0.428 0.428 0.508 0.508 0.508

Underidentification test 11.12 11.12 11.12 4.829 4.829 4.829 11.89 11.89 11.89
p-value 0.0009 0.0009 0.0009 0.0280 0.0280 0.0280 0.0006 0.0006 0.0006
Weak identification test 36.61 36.61 36.61 15.54 15.54 15.54 44.33 44.33 44.33

Note: This table shows fixed effect 2SLS results with Ming routes IV, Qing routes IV and the combination of Ming routes and Qing routes
IV constructed by the 10km highway corridor. The results for IV constructed by 5 and 20km highway corridors are consistent with that of
the 10km highway corridor. Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient is
significant at the 10%, 5% and 1% levels respectively. The under-identification test shows the Kleibergen-Paap rk LM statistic and its p-value;
Kleibergen-Paap rk Wald F statistic is presented as the weak identification test. The equation is exactly identified - one IV is used for one
endogenous variable.
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Table 3.16: FE-2SLS results with LCP-MST IVs

EG EG EG EG EG EG EG EG EG
(province) (city) (county) (province) (city) (county) (province) (city) (county)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: Second stage of FE-2SLS

highway access 0.1523 0.0573 0.0163 0.1621*** 0.0815*** 0.0325*** 0.1478*** 0.0955*** 0.0413***
(0.113) (0.052) (0.031) (0.054) (0.021) (0.011) (0.052) (0.019) (0.010)

intermediate_ratio 0.0517* 0.0103 0.0044 0.0515* 0.0100 0.0042 0.0517* 0.0098 0.0041
(0.028) (0.011) (0.006) (0.028) (0.011) (0.006) (0.028) (0.012) (0.006)

net_labour_productivity 0.0001* 0.0000 0.0000 0.0001*** 0.0000 0.0000 0.0001*** 0.0000 0.0000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

new_product_ratio 0.0372 0.0691 0.0215 0.0367 0.0679 0.0207 0.0375 0.0671 0.0202
(0.110) (0.047) (0.029) (0.110) (0.047) (0.029) (0.108) (0.047) (0.029)

agriculture 0.0008 -0.0067 -0.0105 0.0005 -0.0074 -0.0110 0.0010 -0.0079 -0.0113
(0.027) (0.008) (0.008) (0.027) (0.008) (0.008) (0.026) (0.008) (0.007)

fishing -0.0328 0.0176*** 0.0157*** -0.0326 0.0182*** 0.0161*** -0.0330 0.0185*** 0.0164***
(0.024) (0.006) (0.004) (0.024) (0.005) (0.003) (0.024) (0.005) (0.003)

coal 0.2317*** 0.0369* -0.0001 0.2308*** 0.0348 -0.0016 0.2321*** 0.0335 -0.0024
(0.054) (0.022) (0.010) (0.053) (0.022) (0.010) (0.053) (0.022) (0.010)

petroleum 0.2208*** 0.0421** 0.0004 0.2198*** 0.0395** -0.0014 0.2213*** 0.0379** -0.0023
(0.047) (0.020) (0.009) (0.045) (0.019) (0.009) (0.045) (0.019) (0.009)

upstreamness 0.0046 0.0003 0.0008 0.0046 0.0003 0.0008 0.0046 0.0002 0.0008
(0.004) (0.001) (0.001) (0.004) (0.001) (0.001) (0.004) (0.001) (0.001)

Observations 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603
R-squared 0.166 0.162 0.079 0.165 0.165 0.084 0.167 0.161 0.082

Panel B: First stage of FE-2SLS

LCP 1992 NTHS 1.0362*** 1.0362*** 1.0362***
(0.3133) (0.3133) (0.3133)

LCP 2004 NEN 1.7809*** 1.7809*** 1.7809***
(0.2546) (0.2546) (0.2546)

LCP combination 1.4496*** 1.4496*** 1.4496***
(0.1686) (0.1686) (0.1686)

intermediate_ratio 0.0172 0.0172 0.0172 0.0251 0.0251 0.0251 0.0186 0.0186 0.0186
(0.0401) (0.0401) (0.0401) (0.0271) (0.0271) (0.0271) (0.0193) (0.0193) (0.0193)

net_labour_productivity 0.0005*** 0.0005*** 0.0005*** 0.0003*** 0.0003*** 0.0003*** 0.0002*** 0.0002*** 0.0002***
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

new_product_ratio 0.0893 0.0893 0.0893 0.1576** 0.1576** 0.1576** 0.0661 0.0661 0.0661
(0.1092) (0.1092) (0.1092) (0.0661) (0.0661) (0.0661) (0.0681) (0.0681) (0.0681)

agriculture 0.0424 0.0424 0.0424 0.0404 0.0404 0.0404 -0.0057 -0.0057 -0.0057
(0.0375) (0.0375) (0.0375) (0.0261) (0.0261) (0.0261) (0.0166) (0.0166) (0.0166)

fishing -0.0252** -0.0252** -0.0252** -0.0373*** -0.0373*** -0.0373*** -0.0424*** -0.0424*** -0.0424***
(0.0109) (0.0109) (0.0109) (0.0067) (0.0067) (0.0067) (0.0111) (0.0111) (0.0111)

coal 0.0758** 0.0758** 0.0758** 0.0024 0.0024 0.0024 0.0368 0.0368 0.0368
(0.0357) (0.0357) (0.0357) (0.0546) (0.0546) (0.0546) (0.0223) (0.0223) (0.0223)

petroleum 0.1035*** 0.1035*** 0.1035*** 0.0278 0.0278 0.0278 0.0506** 0.0506** 0.0506**
(0.0337) (0.0337) (0.0337) (0.0474) (0.0474) (0.0474) (0.0211) (0.0211) (0.0211)

upstreamness 0.0037 0.0037 0.0037 0.0077** 0.0077** 0.0077** 0.0026 0.0026 0.0026
(0.0044) (0.0044) (0.0044) (0.0034) (0.0034) (0.0034) (0.0028) (0.0028) (0.0028)

N 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603
r2_a 0.461 0.461 0.461 0.702 0.702 0.702 0.728 0.728 0.728

Underidentification test 11.50 11.50 11.50 44.72 44.72 44.72 53.97 53.97 53.97
p-value 0.0007 0.0007 0.0007 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Weak identification test 10.95 10.95 10.95 48.96 48.96 48.96 73.94 73.94 73.94

Note: This table shows fixed effect 2SLS results with LCP-MST IV constructed by a 10km highway corridor and NTHS target nodes, NEN target
nodes and the combination of NTHS and NEN plans target nodes. The results for IV constructed by 5 and 20km highway corridors are consistent
with those of the 10km highway corridor. Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient
is significant at the 10%, 5% and 1% levels respectively. The under-identification test shows Kleibergen-Paap rk LM statistic and its p-value; the
Kleibergen-Paap rkWald F statistic is presented as theWeak identification test. The equation is exactly identified - one IV is used for one endogenous
variable.
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Table 3.17: FE-2SLS results with Euclidean IVs

EG EG EG EG EG EG EG EG EG
(province) (city) (county) (province) (city) (county) (province) (city) (county)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: Second stage of FE-2SLS

highway access 0.1113 0.0388 -0.0037 0.1532* 0.0616*** 0.0141 0.1828*** 0.0892*** 0.0317**
(0.140) (0.040) (0.025) (0.086) (0.023) (0.015) (0.066) (0.019) (0.012)

intermediate_ratio 0.0521* 0.0105 0.0046 0.0516* 0.0102 0.0044 0.0513* 0.0099 0.0042
(0.027) (0.011) (0.006) (0.028) (0.011) (0.006) (0.028) (0.011) (0.006)

net_labour_productivity 0.0002* 0.0000** 0.0000** 0.0001** 0.0000* 0.0000** 0.0001** 0.0000 0.0000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

new_product_ratio 0.0394 0.0701 0.0225 0.0372 0.0689 0.0216 0.0357 0.0675 0.0207
(0.111) (0.048) (0.030) (0.111) (0.048) (0.030) (0.109) (0.047) (0.029)

agriculture 0.0021 -0.0061 -0.0099 0.0008 -0.0068 -0.0105 -0.0001 -0.0077 -0.0110
(0.026) (0.008) (0.008) (0.027) (0.008) (0.008) (0.027) (0.008) (0.008)

fishing -0.0339 0.0171*** 0.0152*** -0.0328 0.0177*** 0.0157*** -0.0321 0.0184*** 0.0161***
(0.024) (0.006) (0.004) (0.024) (0.006) (0.004) (0.024) (0.005) (0.003)

coal 0.2353*** 0.0385* 0.0016 0.2316*** 0.0365* 0.0000 0.2290*** 0.0341 -0.0015
(0.054) (0.022) (0.010) (0.053) (0.022) (0.010) (0.054) (0.022) (0.010)

petroleum 0.2253*** 0.0441** 0.0026 0.2207*** 0.0416** 0.0006 0.2175*** 0.0386** -0.0013
(0.047) (0.019) (0.009) (0.046) (0.019) (0.009) (0.046) (0.019) (0.009)

upstreamness 0.0047 0.0003 0.0009 0.0046 0.0003 0.0008 0.0046 0.0002 0.0008
(0.004) (0.001) (0.001) (0.004) (0.001) (0.001) (0.004) (0.001) (0.001)

Observations 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603
R-squared 0.169 0.153 0.055 0.166 0.163 0.077 0.161 0.163 0.084

Panel B: First stage of FE-2SLS

Euclidean N 1992 NTHS 1.1913*** 1.1913*** 1.1913***
(0.3186) (0.3186) (0.3186)

Euclidean N 2004 NEN 1.6831*** 1.6831*** 1.6831***
(0.2172) (0.2172) (0.2172)

Euclidean N combination 1.4439*** 1.4439*** 1.4439***
(0.2133) (0.2133) (0.2133)

intermediate_ratio 0.0157 0.0157 0.0157 0.0155 0.0155 0.0155 0.0112 0.0112 0.0112
(0.0398) (0.0398) (0.0398) (0.0313) (0.0313) (0.0313) (0.0215) (0.0215) (0.0215)

net_labour_productivity 0.0005*** 0.0005*** 0.0005*** 0.0004*** 0.0004*** 0.0004*** 0.0002*** 0.0002*** 0.0002***
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

new_product_ratio 0.0842 0.0842 0.0842 0.1443** 0.1443** 0.1443** 0.0652 0.0652 0.0652
(0.1088) (0.1088) (0.1088) (0.0675) (0.0675) (0.0675) (0.0712) (0.0712) (0.0712)

agriculture 0.0418 0.0418 0.0418 0.0430 0.0430 0.0430 -0.0075 -0.0075 -0.0075
(0.0368) (0.0368) (0.0368) (0.0296) (0.0296) (0.0296) (0.0181) (0.0181) (0.0181)

fishing -0.0252** -0.0252** -0.0252** -0.0161* -0.0161* -0.0161* -0.0314*** -0.0314*** -0.0314***
(0.0110) (0.0110) (0.0110) (0.0084) (0.0084) (0.0084) (0.0110) (0.0110) (0.0110)

coal 0.0809** 0.0809** 0.0809** 0.0146 0.0146 0.0146 0.0398 0.0398 0.0398
(0.0365) (0.0365) (0.0365) (0.0560) (0.0560) (0.0560) (0.0258) (0.0258) (0.0258)

petroleum 0.1092*** 0.1092*** 0.1092*** 0.0440 0.0440 0.0440 0.0510** 0.0510** 0.0510**
(0.0346) (0.0346) (0.0346) (0.0487) (0.0487) (0.0487) (0.0234) (0.0234) (0.0234)

upstreamness 0.0036 0.0036 0.0036 0.0087* 0.0087* 0.0087* 0.0027 0.0027 0.0027
(0.0044) (0.0044) (0.0044) (0.0044) (0.0044) (0.0044) (0.0037) (0.0037) (0.0037)

N 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603
r2_a 0.458 0.458 0.458 0.622 0.622 0.622 0.689 0.689 0.689

Underidentification test 13.13 13.13 13.13 37.58 37.58 37.58 52.74 52.74 52.74
p-value 0.0003 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Weak identification test 13.99 13.99 13.99 60.07 60.07 60.07 45.84 45.84 45.84

Note: This table shows fixed effect 2SLS results with Euclidean IV constructed by a 10km highway corridor and NTHS target nodes, NEN target
nodes and the combination of NTHS and NEN plans target nodes. The results for IV constructed by 5 and 20km highway corridors are consistent
with those of the 10km highway corridor. Standard errors clustered at industry levels are displayed in parentheses. *,** and ***mean the coefficient
is significant at the 10%, 5% and 1% levels respectively. The under-identification test shows Kleibergen-Paap rk LM statistic and its p-value; the
Kleibergen-Paap rk Wald F statistic is presented as the Weak identification test. The equation is exactly identified; IV is used for one endogenous
variable.
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LCP IV

Table 3.16 displays the FE-2SLS regression results with LCP constructed by the NTHS target

nodes in Columns (1)-(3), NEN target nodes in Columns (4)-(6) and the combination of these

two (NTHS nodes for 1998-2003 and NEN nodes for 2004-2007) in Columns (7)-(9). More

nodes in the LCP IV may cause the IV to not be exogenous enough. The combination IV

captures the highway access variable the best (see its adjusted R-square) and is the strongest

of the three LCP IVs. With respect to the regression results, the combination LCP IV obtains

similar estimated coefficients with those of LCP IV with NEN target nodes. The estimated

coefficients for highway access are significant at all geographic levels with LCP constructed

by NEN target nodes and the combination IV. However, the LCP IV with NTHS nodes does

not pass the weak identification tests.

Most coefficients for natural advantages, such as fishing, coal, and petroleum input shares, are

positive and significant, highlighting the crucial role of natural resources in firms’ location

decisions.

Straight-line IV

Table 3.17 shows the FE-2SLS results with Euclidean IV constructed by the NTHS target

nodes, NEN target nodes and their combination (NTHS nodes for 1998-2003 and NEN nodes

for 2004-2007). Regarding the estimated coefficients of the highway access variable, the res-

ults using the Euclidean IV combination are the most robust, indicating that this combination

serves as a stronger instrumental variable than the other two. Compared with the LCP IV, the

performance of Euclidean IV is weaker due to the accuracy of Euclidean MST being lower.

These results show that highway access and the proxies for input sharing and labour market

pooling are likely to have positive impacts on within-industry agglomeration.
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Robustness Tests

Table 3.18 presents the results of overidentification tests for time-variant instrumental vari-

ables using the FE-2SLS estimation method. The table is divided into two panels. Panel

A reports the second-stage regression results, examining the effect of highway access on

EG within-industry agglomeration across different administrative levels: province, city, and

county. Panel B displays the first-stage regression results, focusing on the determinants of

highway access.

In Panel A, the coefficient for highway access is positive and statistically significant across

all models, indicating a positive relationship between highway access and within-industry

agglomeration calculated at different geographical levels. Specifically, the coefficients are

0.189 for provinces, 0.077 for cities, and 0.028 for counties. Panel B highlights the relev-

ance of the time-variant instruments LCP routes with NTHS nodes and Ming road, which are

significant predictors of highway access, as indicated by their statistically significant coeffi-

cients. The strong results for the underidentification test (with a test statistic of 39.47 and a

p-value of 0) and the weak identification test (with a test statistic of 25.54) confirm that the

instruments are appropriate and relevant.

The Hansen overidentification test provides evidence regarding the validity of the instru-

ments. With a Hansen statistic of 2.553 (p-value = 0.110) for the provincial level and above

higher p-values for city and county levels, the results do not reject the null hypothesis that

the instruments are valid. This suggests that the instruments are uncorrelated with the error

term and thus satisfy the exclusion restriction.
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Table 3.18: Overidentification tests for time-variant IVs

(1) (2) (3)
EG(province) EG(city) EG(county)

Panel A: Second stage of FE-2SLS

highway_access 0.1892*** 0.0766*** 0.0276**
(0.0580) (0.0231) (0.0130)

knowledge_spillover 0.0235 0.0653 0.0192
(0.1134) (0.0480) (0.0297)

input_sharing -0.0011 -0.0010 -0.0011
(0.0123) (0.0035) (0.0021)

labour_pooling 0.0000 0.0000 0.0000
(0.0000) (0.0000) (0.0000)

upstreamness 0.0053 0.0004 0.0009
(0.0036) (0.0012) (0.0006)

agriculture -0.0006 -0.0073 -0.0108
(0.0272) (0.0083) (0.0076)

coal 0.2493*** 0.0406** 0.0028
(0.0494) (0.0205) (0.0091)

fishing -0.0282 0.0189*** 0.0164***
(0.0213) (0.0048) (0.0031)

petroleum 0.2502*** 0.0486*** 0.0053
(0.0453) (0.0186) (0.0084)

Panel B: First stage of FE-2SLS
Dependent variable: highway access

LCP NTHS 1.3218*** 1.3219*** 1.3220***
(0.2532) (0.2533) (0.2534)

Ming road 0.9235** 0.9236** 0.9237**
(0.4418) (0.4419) (0.4420)

Controls Yes Yes Yes
r2_a 0.635 0.635 0.635

Underidentification test 39.47 39.47 39.47
p-value 0 0 0
Weak identification test 25.54 25.54 25.54
Hansen statistics 2.553 0 0.292
p-value 0.110 0.985 0.589

Note: The results of FE-2SLS are presented in this table. The instruments for
highway access are the LCP IV and historical routes IV. Standard errors clustered
at industry levels are displayed in parentheses. *,** and *** mean the coefficient
is significant at the 10%, 5% and 1% levels respectively.
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3.7 Heterogeneity Analysis

3.7.1 Supplier Effect and Highway Access

It is hypothesised that improved highway access is likely to reduce the impact of natural

resources on within-industry agglomeration. To test this hypothesis, this thesis examines

whether enhanced highway access diminishes the effects of natural resource inputs on within-

industry agglomeration. The regression results presented in Table 3.19 display the second

stage of the FE-2SLS estimation for the interaction terms between highway access and petro-

leum inputs, and between highway access and coal inputs. The LCP IV is employed; however,

for coal, the underidentification test is not passed, with a p-value above 0.1.

Furthermore, for petroleum, the estimated coefficients of the interaction with highway access

are negative for agglomeration at the provincial and city levels, but positive for agglomera-

tion at the county level, which are -0.77, -0.36 and 0.18, respectively. This suggests that in

industries reliant on petroleum, improved highway access may cause some firms to disperse

to other cities or provinces, thereby reducing agglomeration at these levels. Conversely, at

the county level, lower transport costs may encourage firms to move closer to petroleum

resources, increasing the level of agglomeration. As transport costs decrease, firms might

either remain concentrated, potentially drawing in more firms, or relocate to areas offering

higher profitability, which may occur due to increased land prices in densely agglomerated

regions. This suggests that the relative profitability of agglomeration versus dispersion varies

depending on the specific conditions and changes in transport costs.
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Table 3.19: Natural resources and highway access

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

VARIABLES EG(province) EG(city) EG(county) EG(province) EG(city) EG(county)

highway_access 0.1565*** 0.0791*** 0.0317*** 0.1571*** 0.0843*** 0.0335***
(0.0511) (0.0206) (0.0112) (0.0513) (0.0203) (0.0112)

highway*petroleum -0.7743 -0.3602* 0.1836
(0.6958) (0.2106) (0.1409)

highway*coal -0.1951 0.8226** 0.4081**
(1.0646) (0.3521) (0.1804)

knowledge_spillover 0.0242 0.0647 0.0193 0.0250 0.0647 0.0189
(0.1138) (0.0480) (0.0296) (0.1139) (0.0481) (0.0297)

interme_sha_industryi -0.0008 -0.0006 -0.0012 -0.0013 -0.0015 -0.0014
(0.0124) (0.0035) (0.0020) (0.0125) (0.0036) (0.0021)

labour_pooling 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

upstreamness 0.0056 0.0005 0.0008 0.0054 0.0004 0.0009
(0.0036) (0.0012) (0.0006) (0.0036) (0.0012) (0.0006)

agriculture 0.0003 -0.0074 -0.0109 0.0005 -0.0077 -0.0111
(0.0267) (0.0083) (0.0076) (0.0266) (0.0083) (0.0076)

coal 0.2604*** 0.0421* 0.0009 0.2517*** 0.0573** 0.0106
(0.0518) (0.0223) (0.0081) (0.0606) (0.0240) (0.0098)

fishing -0.0297 0.0187*** 0.0167*** -0.0290 0.0191*** 0.0166***
(0.0219) (0.0050) (0.0030) (0.0215) (0.0047) (0.0030)

petroleum 0.2427*** 0.0400** 0.0081 0.2624*** 0.0345* -0.0024
(0.0492) (0.0197) (0.0088) (0.0393) (0.0192) (0.0096)

Observations 1,603 1,603 1,603 1,603 1,603 1,603
Underidentification test 45.66 45.66 45.66 2.330 2.330 2.330
p-value 0.000 0.000 0.000 0.127 0.127 0.127
Weak identification test 23.65 23.65 23.65 24.50 24.50 24.50

Note: The results of FE-2SLS are presented in this table. The instrument for highway access is the LCP-MST IV. Standard errors
clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels
respectively.

3.7.2 Customer Effect and Highway Access

Customer location plays a critical role in shaping industry spatial decisions, as firms often

cluster or disperse based on transportation costs and proximity to customers. For downstream

industries, which sell products directly to customers, this study hypothesises that the effects

of highway access on agglomeration are more pronounced due to their ability to relocate

away from customers. This study employs the interaction term between highway access and

downstreamness to test the hypothesis.
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In Table 3.20, a higher value of the upstreamness variable indicates that an industry is further

upstream in the supply chain. The interaction term ‘highway access*Upstream’ shows statist-

ically significant negative coefficients across all levels of geographic aggregation (province,

city, and county). Specifically, the coefficients are -0.083 at the provincial level, -0.050 at

the city level, and -0.027 at the county level. These findings indicate that, as highway ac-

cess improves, industries that are more downstream in the supply chain tend to experience

an increase in their agglomeration levels.

These results support the hypothesis that improved highway access diminishes the impact of

natural resources on within-industry agglomeration. For downstream industries, which rely

on proximity to customers for timely delivery and service, the impact of highway access

is more significant. This indicates that improved highway access allows downstream firms

greater flexibility in location choice, enabling them to optimise for other factors while still

maintaining efficient access to the market.

Table 3.20: Downstream and highway access

(1) (2) (3)
EG(province) EG(city) EG(county)

Panel A: Second stage of FE-2SLS

highway access 0.2004*** 0.1223*** 0.0554***
(0.0441) (0.0176) (0.0113)

highway access*Upstream -0.0828** -0.0501*** -0.0272**
(0.0403) (0.0173) (0.0116)

intermediate_ratio 0.0683*** 0.0126*** 0.0038
(0.012) (0.005) (0.003)

net_labour_productivity 0.0002*** 0.0000* 0.0000
(0.000) (0.000) (0.000)

new_product_ratio 0.0619 0.0739** 0.0236
(0.077) (0.034) (0.022)

Observations 1,606 1,606 1,606
R-squared 0.142 0.154 0.074
Number of industry 161 161 161
Underidentification test 151.2 151.2 151.2
p-value 0.0000 0.0000 0.0000
Weak identification test 147.4 147.4 147.4

Note: The results of FE-2SLS are presented in this table. The instrument for highway
access is the LCP-MST IV. Standard errors clustered at industry levels are displayed
in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and
1% levels respectively.
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3.7.3 Input-Output adjusted Highway Access

This study hypothesises that improved highway access, measured by the efficiency of trans-

porting inputs and outputs, fosters within-industry agglomeration. Firms utilise highways to

move inputs and outputs; enhanced highway access reduces transport costs to other indus-

tries, facilitating greater within-industry agglomeration. To test this hypothesis, a variable

termed IOHA, which reflects inputs and outputs-adjusted highway access, is constructed.

The instrumental variable estimation employs different instruments, with results presented

in Tables 3.21 and 3.22.

In Tables 3.21, IOHA denotes the input- and output-based highway access, IHA represents

input-based highway access, and OHA refers to output-based highway access. The sizes of

inputs and outputs are measured by the input values in the IO table. The results with two

instrumental variables LCP114nodes and LCP323nodes are reported in this table. The coef-

ficient for IOHA indicates that a one-unit increase in IOHA is associated with a 0.0002 in-

crease in the EG index at the provincial level, a 0.0001 increase at the city level, and a 0.0001

increase at the county level. This suggests that improvements in input-output highway access

contribute to increased within-industry agglomeration.

Input-adjusted highway access and output-adjusted highway access exhibit similar results

to IOHA. Specifically, increases in IHA and OHA correspond to comparable rises in the

EG index across different levels. This consistency suggests that both IHA and OHA also

positively impact within-industry agglomeration. Highways make firms easily get inputs and

outputs from other industries and agglomerate with other firms in the same industry.

Table 3.22 presents robustness checks for the impact of input-output adjusted highway access

on within-industry agglomeration, using other instrumental variables (IVs): straight line IV,

historical routes IV, and LCP time-invariant IV. The results show that the coefficient for IOHA

remains positive and statistically significant across all IVs, affirming the robustness of the

positive relationship between highway access and within-industry agglomeration.
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Table 3.21: Input-output highway access with LCP IV

(1) (2) (3) (4) (5) (6) (7) (8) (9)
EG(province) EG(province) EG(province) EG(city) EG(city) EG(city) EG(county) EG(county) EG(county)

IV: LCP114nodes
IOHA 0.0002 0.0001*** 0.0001***

(0.0001) (0.0000) (0.0000)
IHA 0.0003 0.0004*** 0.0002***

(0.0003) (0.0001) (0.0001)
OHA 0.0004 0.0002*** 0.0001**

(0.0003) (0.0001) (0.0000)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE No No No No No No No No No
N 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567
N_g 157 157 157 157 157 157 157 157 157
Underidentification test 39.31 47.66 30.31 39.31 47.66 30.31 39.31 47.66 30.31
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test 283.8 418.5 208.9 283.8 418.5 208.9 283.8 418.5 208.9

IV: LCP323nodes
IOHA 0.0002 0.0001*** 0.0001**

(0.0001) (0.0000) (0.0000)
IHA 0.0003 0.0003*** 0.0001**

(0.0003) (0.0001) (0.0001)
OHA 0.0003 0.0002*** 0.0001**

(0.0002) (0.0001) (0.0000)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE No No No No No No No No No
N 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567
N_g 157 157 157 157 157 157 157 157 157
Underidentification test 38.04 49.08 28.85 38.04 49.08 28.85 38.04 49.08 28.85
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test 548.2 869.1 386.1 548.2 869.1 386.1 548.2 869.1 386.1

Note: The results of FE-2SLS are presented in this table. The instrument for highway access is the LCP IV. Standard errors clustered at industry levels are
displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.

Both the historical routes IV and straight line IV exhibit strong relevance in predicting high-

way access, as reflected in high values of the weak identification test. These IVs are likely

to satisfy the relevance condition, indicating they are well-suited for predicting highway ac-

cess. Conversely, while the time-invariant IVs maintain robust exclusion restrictions, they

might sacrifice some relevance as they capture less dynamic changes in highway access over

time. The time-variant IVs offer increased prediction power for highway access but may

compromise the exclusion restriction, whereas time-invariant IVs provide stronger adher-

ence to the exclusion restriction criteria. Thus, the overall evidence supports the hypothesis

that improved highway access contributes to within-industry agglomeration, with different

IVs validating this finding.

80



3. The Effects of Highway Access on Within-industry Agglomeration Heterogeneity Analysis

Table 3.22: Input-output highway access with historical and straight line IV

(1) (2) (3) (4) (5) (6) (7) (8) (9)
EG(province) EG(province) EG(province) EG(city) EG(city) EG(city) EG(county) EG(county) EG(county)

IV: Straight line 114nodes
IOHA 0.0002 0.0002*** 0.0001***

(0.0001) (0.0000) (0.0000)
IHA 0.0004 0.0004*** 0.0002***

(0.0003) (0.0001) (0.0001)
OHA 0.0004 0.0002*** 0.0001**

(0.0003) (0.0001) (0.0000)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE No No No No No No No No No
N 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567
N_g 157 157 157 157 157 157 157 157 157
Underidentification test 39.91 47.48 31.15 39.91 47.48 31.15 39.91 47.48 31.15
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test 236.8 324.8 184.9 236.8 324.8 184.9 236.8 324.8 184.9

IV: Ming and Qing routes
IOHA 0.0002 0.0001*** 0.0001***

(0.0001) (0.0000) (0.0000)
IHA 0.0003 0.0003*** 0.0002***

(0.0003) (0.0001) (0.0001)
OHA 0.0003 0.0002*** 0.0001**

(0.0002) (0.0001) (0.0000)
Underidentification test 37.04 47.17 28.36 37.04 47.17 28.36 37.04 47.17 28.36
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test 299.5 444.3 213.9 299.5 444.3 213.9 299.5 444.3 213.9

IV: LCP time-invariant
IOHA 0.0002 0.0002*** 0.0001***

(0.0001) (0.0000) (0.0000)
IHA 0.0004 0.0004*** 0.0002***

(0.0003) (0.0001) (0.0001)
OHA 0.0005* 0.0002*** 0.0001**

(0.0003) (0.0001) (0.0000)
Underidentification test 39.51 46.70 30.71 39.51 46.70 30.71 39.51 46.70 30.71
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weak identification test 244.6 363.7 175.9 244.6 363.7 175.9 244.6 363.7 175.9

Note: The results of FE-2SLS are presented in this table. The instruments for highway access include the straight line IV, historical routes IV and LCP
time-invariant IV. Standard errors clustered at industry levels are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5%
and 1% levels respectively.
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3.8 Conclusion
This chapter has studied the impact of highway access on the level of within-industry agglom-

eration. The level of agglomeration is measured by the EG index at three geographic levels

(county, city and province). Highway GIS routes are used to calculate the weighted distance

from industry to highway networks for forming the highway access variable. Three types of

time-variant instruments are employed to address the endogeneity problem for the highway

access variable, including the historical routes IV, LCP IV and straight line IV. The historical

routes IV consist of Ming Dynasty routes, Qing Dynasty routes and a combination of them.

This study also adjusts the target nodes of LCP and straight-line IVs following the NTHS and

NEN plans to obtain stronger IVs. The empirical results support the hypothesis that highway

access has positive effects on within-industry agglomeration from both the baseline model

and the IV estimations.

The control variables include natural advantages, input sharing, labourmarket pooling, know-

ledge spillovers and upstreamness levels. This study finds that natural advantages facilitate

industrial agglomeration. Firm-level data are used to compute the proxies for input sharing,

labour market pooling and knowledge spillovers. Input sharing and labour market pooling

have positive effects on within-industry agglomeration after using LCP and straight-line IVs.

This study performs heterogeneity analyses focusing on the supplier effect, customer effect,

and size-adjusted highway access. The results indicate that while improved highway access

generally reduces the impact of petroleum on within-industry agglomeration at the provincial

and city levels, it increases agglomeration at the county level, reflecting a complex interplay

between transportation costs and industry location decisions. Additionally, improved high-

way access significantly enhances agglomeration for downstream industries by increasing

their flexibility to optimise location choices. Moreover, the study finds that enhanced high-

way access, as measured by the input-output adjusted highway access, significantly enhances

within-industry agglomeration. Highways reduce the cost of firms’ access to inputs and out-

puts from other industries, thereby promoting within-industry agglomeration.
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This chapter has three limitations. First, the proxies for three Marshallian externalities are

constructed with data limitations, which makes their results less significant than other vari-

ables. Taking the proxy for labour market pooling as an example, if the number of skilled

workers in each industry is available, the estimated results could be better. Second, three

Marshallian externalities are likely to be endogenous; though they are not the research focus

of this study, it would be better to address this problem. Third, the LCP and Euclidean IVs

constructed with target cities are potentially endogenous. To eliminate the endogenous issue

caused by targeted nodes, targeted cities can be excluded from the regression.

This study presents several policy implications related to industrial agglomeration. The find-

ing that highway access promotes industrial agglomeration indicates that developing coun-

tries aiming to enhance industrial concentration and productivity can greatly benefit from

investing in transportation infrastructure, such as highway networks. For these countries,

particularly those that are still in the early stages of expanding their infrastructure, the risk of

overbuilding is relatively low, and the positive impact of improved highway access on eco-

nomic activity is substantial. During the period covered by this study (1998 to 2007), China’s

expansion of highway networks aligned well with growing demand, yielding significant eco-

nomic benefits.

As highway networks mature, however, the marginal benefits of additional highways may be-

gin to diminish, and the costs associated with maintenance and repair will rise. Thus, while

continued investment in transportation infrastructure remains crucial, it is important for de-

veloping countries to monitor the balance between infrastructure expansion and its economic

returns. Additionally, natural advantages, such as water, agricultural products and mining

resources, have a strong power that facilitates industrial agglomeration. This study calls for

policies that adapt to local conditions for the development of industries, especially the use of

sustainable resources and keeping industries active for the long term.
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3.9 Appendices for Chapter 3

Appendix 3.A Review of Agglomeration Measures

Researchers have developed indices to capture the degree of agglomeration, including the

Herfindahl-Hirschman index, Entropy index, Gini coefficients, Ellison & Glaeser (1997) in-

dex and Duranton&Overman (2005) index. Themost tractable and straightforward approach

is to use the employment of an industry or the number of firms in an industry. For example,

Henderson (2003) uses the number of firms in the same industry to capture the localization

economies in high-tech industries. The advantage of using the number of firms to measure

agglomeration is that it is possible to assess agglomeration across many industries or when

over distance. On the other hand, the simple measure has distinct disadvantages in accuracy.

Herfindahl-Hirschman Index. TheHerfindahl-Hirschman Indexmeans the sumof the squares

of the market shares of a firm in the industry.

H =
n

∑
i=1

S2
i =

n

∑
i=1

(
Xi

X
)2 (3.A-1)

Where Xi is an indicator of firm i; X is the sum of the indicator of the whole industry. H is

between 0 to 1, and larger H is, the higher the level of agglomeration. The disadvantage is

that this cannot show the difference between regions.

Entropy Index. The Entropy Index is a measure of diversity, which has been adopted widely.

Ei j =
qi j/q j

qi/q
(3.A-2)

Where qi j is the output (or employment) of industry i in region j; q j is the total output of

region j; qi is the output of industry i in the country. q is the total output in the country. A

higher Ei j means a larger share of industry i in region j compared to the whole country. A

larger Ei j shows a higher degree of agglomeration and specialization.
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Gini coefficient. Kim (1995) develops the Gini spatial concentration index and is among

the first to measure agglomeration. Kim uses U.S. manufacturing data over a long period,

1860-1987, describing the long-run trends of spatial concentration in the U.S. Kim (1995)

finds that regional specialization over that period shows a curve of a hump in the U.S. and

industries are more concentrated when regions are more specialized. A Gini coefficient for

each industry i is calculated as follows:

Gi =
1

2n2sl

n

∑
k=1

n

∑
j=1

| si j − sik | (3.A-3)

Where si j is the share of industry i in region j, sik is the share of industry i in region k, n is the

number of regions and sl is themean of shares.WhenGi is zero, it means there is no difference

in the share of industry i in any region. Thus industry i is equally distributed.WhenGi is close

to one, it means the probability of concentration of industry i is high. Ellison&Glaeser (1997)

point out the disadvantage of this measure: when Gi is larger than zero, agglomeration may

not exist. For example, when a country has only one extremely large firm in an industry and

Gi is however big, which does not mean the degree of agglomeration is high.

EG index. Ellison&Glaeser (1997) develop amodel that analyses spatial concentration and

captures both random concentration of a dart-throwing model and additional concentration

resulting from localized industry-specific spillovers and natural advantages. They use 459

four-digit manufacturing industries data to describe the patterns of spatial concentration in

the U.S. Their empirical results indicate that many industries are highly concentrated and

agglomeration is ubiquitous, while the degree of agglomeration of many industries is low.

The index of agglomeration proposed by Ellison &Glaeser (1997) has been adopted by many

studies. The degree of industrial agglomeration is measured as:

γi ≡
Gi − (1−∑r x2

r )Hi

(1−∑r x2
r )(1−Hi)

(3.A-4)

where γi is the agglomeration level of industry i. Gi is the Gini index, Gi ≡ ∑r(xr − si
r)

2 ,

with xr the share of total employment of all industries in region r. si
r is the share of output or

employment of region r in industry i. Hi = ∑ j z2
j represents the Herfindahl index of industry

i which shows the size of firms in the industry, with z j the output or employment share of a
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firm j in industry i. A larger value for the Herfindahl index means a less competitive industry.

The advantage of the EG index is that it considers the difference between the share of industry

and the size of the region, and industry structure. The EG index generates the agglomeration

degree of each industry.

The advantage of the EG index is that it captures the characters of the Gini index and the

Herfindahl index. Compared with the Gini index, the EG index has the advantage that it takes

the share of firms (industry structure) into consideration. The disadvantage is that it needs

data for firms. Additionally, this index symmetrically treats all spatial units, and disregards

the distance between spatial regions.

DO index. The continuous agglomeration index by Duranton & Overman (2005) has also

been used in the previous literature with the advantage that it contains information about

distance. The DO index needs the geographic coordinates of firms to compute the bilateral

distance. K−density is the density function of bilateral distance. For industry i with n firms,
n(n−1)

2 bilateral distance is generated. The estimator of the density at any distance scope (d)

is
ˆK(d) =

1
h∑n−1

i=1 ∑n
j=i+1 e(i)e( j)

n−1

∑
i=1

n

∑
j=i+1

e(i)e( j) f (
d −di, j

h
) (3.A-5)

where di, j is the Euclidean distance between firm i and j in an industry. d is the distance that

f is the kernel density function and h is the bandwidth. Duranton & Overman (2005) use a

Gaussian kernel to smooth the noise in the measurement of distance. e(i) is the number of em-

ployees of firm i. e is used as the weight of firms in this index. The advantage of the DO index

is that it can detect departures from randomness and consider continuous distance. However,

a substantial amount of data is required in this method, which is its major disadvantage and

not many papers use it.

Appendix 3.B EG Model Explanation

The Ellison and Glaeser agglomeration index is designed to measure within-industry ag-

glomeration by considering both natural advantages and spillover effects among firms. In the

model, each business unit chooses its location to maximize profits, which depends on the

area’s inherent profitability and potential spillovers from other firms.
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Without spillovers, the model resembles a standard logit model where a firm’s probability of

choosing a location depends on the area’s share of overall manufacturing employment. Nat-

ural advantages are captured by a parameter γna, which measures howmuch these advantages

contribute to industry concentration.

When spillovers are included, the model introduces a parameter γs, representing the likeli-

hood that firms benefit from being close to each other. The combination of natural advantages

and spillovers forms the basis for the agglomeration measure.

The EG index is then constructed using a Gini-like measure of geographic concentration, G,

which compares the actual distribution of industry employment across regions to the over-

all distribution of employment. The final EG index, γ , is calculated by adjusting G for the

Herfindahl index H (which measures firm size concentration) and the natural employment

distribution across regions. The formula for γ effectively isolates the agglomeration effects

by accounting for both geographic concentration and industry structure.

In essence, the EG index provides a robust measure of agglomeration by integrating the ef-

fects of natural advantages, spillovers, and firm size distribution, offering a comprehensive

view of within-industry spatial concentration. The detailed formation of the model is ex-

plained as follows.

In the Ellison and Glaeser model (Ellison & Glaeser 1997), it assumes that the kth business

unit chooses its location vk to maximize its profits given that it will receive profits πkr from

locating in area r.

logπkr = logπr +gr(v1, ...,vk−1)+ εkr (3.B-1)

Where πr is the profitability of locating in area r for a firm. gr is the effect of spillovers created

by firms that have previously chosen locations. εkr is an additional random component for

firm k.

87



3 . The Effects of Highway Access on Within-industry Agglomeration Appendices for Chapter 3

Assume that there are no spillovers gr ≡ 0 f or all r, then this model turns to a standard logit

model and the firms’ location choices are

prob{vk = r|π1, ...,πM}= πr

∑ j π j
(3.B-2)

They first assume that

Eπ1,...,πM

πr

∑ j π j
= xr (3.B-3)

where xr is area r’s share of overall manufacturing employment. Then assume that the joint

distribution of natural advantages is such that there is a single parameter γna ∈ [0,1] for which

var(
πr

∑ j π j
) = γnaxr(1− xr) (3.B-4)

where γna captures the importance of natural advantage to the industry.

They then add spillovers whose importance is indexed by a parameter γs ∈ [0,1], and assume

that

logπki = logπr +∑
l ̸=k

ekl(1−ulr)(−∞)+ εkr (3.B-5)

Where ekl are Bernoulli random variables equal to one with probability γs that indicate

whether a potentially valuable spillover exists between each pair of plants. ulr is an indic-

ator for whether plant l is located in area r. −∞ means that the spillovers are strong enough

so that firms k and l will have negative infinity profits if they are located apart.

They construct a measure of an industry’s geographic concentration by setting

G ≡ ∑
r
(sr − xr)

2 (3.B-6)

Where xr is the share of aggregate employment in area r. sr the share of the industry’s em-

ployment in area r.

sr = ∑
k

zkukr (3.B-7)

where zk: the kth firm’s share of the industry. ukr: an indicator variable equal to one if firm k

chooses to locate in area r.
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With the above model setting, thus they make a Proposition

E(G) = (1−∑x2
r )[γ +(1− γ)H] (3.B-8)

Where G is a simpler measure of an industry’s agglomeration. H ≡ ∑k z2
k is the Herfindahl

index of the industry’s firm size distribution. γ = γna + γs − γnaγs.

Using the above proposition, they use γ as the indicator for within-industry agglomeration

measurement, where

γ ≡ G− (1−∑r x2
r )H

(1−∑i x2
r )(1−H)

(3.B-9)
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Chapter 4

The Effects of Highway Access on
Coagglomeration

4.1 Introduction
The spatial co-location of different industries began in China after the economic reform in

1978 when firms’ location choices started to be driven by the market. Geographical economic

activities boomed as plants tended to locate where inputs, ideas and workers were easily ac-

cessed. Manufacturing industries that have input-output linkages, workers with similar skills

and knowledge spillovers are likely to locate together to obtain lower production costs and

keep up with the latest technology. The coagglomeration of vertically-linked industries or

industries in different value chain positions but related to the same final products is common

in China (Dai et al. 2021).

Geographical economic activities have increased over time, and meanwhile, highway con-

struction in China has experienced fast development. Investment in transport infrastructures

is increasingly important, and governments hold the view that it provides profound and long-

term benefits to the development of the country. The rapidly built highway networks sig-

nificantly reduce transport time and costs. Regions connected with highways are expected

to attract more firms. The locations of different industries might be affected by the rapid

expansion of highways in China.
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Can the location of different industries be affected by the rapid expansion of highways due to

time- and cost-saving effects? Do regions with better highway connections attract more firms

from different industries? What are the key factors that drive industrial coagglomeration in

China? Does the transport infrastructure such as the highway network contribute to coag-

glomeration? If so, what are the heterogeneous effects of highways on spatial co-locations of

industries with different features? These interesting questions motivate this chapter.

This chapter examines the impact of highway networks on pairwise coagglomeration of man-

ufacturing industries and further explores the heterogeneity. Highways and industrial coag-

glomeration are closely related for at least three reasons. First, highway networks are crucial

for transporting manufacturing goods and affect the geographic distribution of manufacturing

industries. Second, highways may attract firms to co-locate near them. Third, the reduction

in transport costs as a result of better highway access may provide firms with better oppor-

tunities to locate in a place where they can benefit from knowledge spillovers and labour

pooling.

This chapter contributes to four main aspects. First, it examines the impact of the highway

network on the level of coagglomeration for industry pairs, which is important but not thor-

oughly investigated in the literature. Industrial coagglomeration is important for the develop-

ment of economies as firms benefit from external economies brought about by coagglomer-

ation. The benefits that have been researched include productivity (Tokunaga & Kageyama

2008, Barrios et al. 2006), innovation (Connell et al. 2014) and carbon emission reduction

(Li et al. 2019). Some determinants of coagglomeration include national advantages (Ellison

et al. 2010) and Marshallian externalities (Ellison et al. 2010, Faggio et al. 2017, Diodato

et al. 2018, Howard et al. 2016, Mukim 2015) have been extensively researched. Gallagher

(2013) finds that shipping costs and information costs affect industrial coagglomeration at

the metropolitan level. The relationship between rapid highway construction in China and

industrial coagglomeration has not been specifically investigated and this study is the first to

do so.
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Second, this chapter makes a significant contribution to the literature by introducing the bilat-

eral Input-Output adjusted Highway Access metric, which offers a more nuanced measure of

highway access between industry pairs. Unlike previous measures that often overlook vari-

ations in industry size and transportation needs, the bilateral IOHA measurement directly

captures the input and output transported between industry pairs via highways. This innovat-

ive approach not only addresses a critical gap in the existing research but also enhances our

understanding of how infrastructure improvements can influence industrial coagglomeration.

Third, compared with those studies using aggregate measures of transport infrastructure such

as highway or railway density, our research is based on comprehensive microeconomic data

which offer a much deeper analysis of the research question. For instance, the GIS highway

data which depict exact highway locations are used to compute the distance from each firm

(or the weighted average from each industry) to the nearest highways. Microeconomic firm-

level data are used to construct the coagglomeration index and offer the possibility to explore

various interesting heterogeneous channels through which highways impact industrial coag-

glomeration.

Moreover, in order to shed light on causality and deal with the potential endogeneity prob-

lem, this study constructs and applies a number of time-varying instruments of the highway

measure, including the historical instruments based on the Ming and Qing Dynasties’ cour-

ier routes, the least cost paths and the straight line network based on the targeted city points

outlined in the highway construction planning.

Using a combination of GIS data for highways and a large dataset of Chinese manufacturing

firms over the period of 1998-2007, this chapter finds that highway access increases pairwise

coagglomeration at the province and city levels, while at the county level, the effects are

statistically insignificant. The positive effect of highways on coagglomeration is larger for

industry pairs with a lower share of state-owned enterprises, for related industries, and for

industry pairs with input-output linkages.
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The structure of the chapter is as follows. Section 2 reviews both theoretical literature on

coagglomeration and empirical research that investigates the determinants and effects of co-

agglomeration. Section 3 provides a description of the data, the key variable and the model

specification. The empirical results of the baseline model are presented in Section 4. Section

5 investigates instrumental variable estimations to deal with the endogenous problem. The

heterogeneous results across industry pairs are examined in Section 6. Finally, the conclusion

and limitations of this study are discussed in Section 7.

4.2 Literature Review

4.2.1 Theory of Coagglomeration

The spatial concentration of an industry group is referred to as coagglomeration. The con-

centration of a pair of industries is termed to as pairwise coagglomeration. Porter’s (1990)

definition of clusters is that particular industries are related to one another and tend to cluster

together. Porter makes a compelling case for the importance of clusters in firm location de-

cisions and industrial strategy. The term ‘coagglomeration’ was coined by Ellison & Glaeser

(1997) to describe the more general trend of various industries gathering together.

The economic theory of coagglomeration has not been much developed. Porter (1990) pro-

poses the industrial cluster but does not provide a formal analysis of coagglomeration. Urban

research mainly focuses on either complete specialization (only one industry in a city) or

complete diversification (colocation of all industries in a city), until Helsley & Strange (2014)

build a model for coagglomeration of some but not all industries. The model by Helsley &

Strange (2014) is the typical model for coagglomeration and some later coagglomeration

models have variations. There are enough theories on agglomeration but so far there are not

many theories focusing on coagglomeration.
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Transport Cost and Coagglomeration

Krugman (1991) develops a core-periphery model that illustrates the formation of agglom-

eration. The model has two regions and two sectors: manufacturing and agriculture. The

agricultural sector is constant return of scale and the manufacturing sector is increasing re-

turn to scale. The farmers cannot move between two regions, whereas workers are movable.

Krugman assumes the home market exists, that is, the place where workers are located is

also the market, which is a crucial force of agglomeration. To simplify the model, pecuniary

externalities are proposed in the model, which results from the supply or demand linkage in a

region with a high concentration of other producers. The transport cost is an important factor

in the model, which is measured as only a fraction of goods arriving in the other region (the

‘iceberg’ assumption). The main finding in the core-periphery model suggests that a lower

transport cost, higher economies of scale (a lower elasticity of substitution) and a higher share

of manufactured products expenditure contribute to spatial concentration.

Regarding the role of transport costs in the core-periphery model, when transport cost is high,

the relative value of sales of two regions is larger than one: workers are distributed in two

regions and there is no concentratedmanufacturing. Thenwhen transport cost falls to a certain

threshold, the relative value of the sales of two regions falls below one and the concentration

in one region appears (an equilibrium that all workers locate in one region). When transport

cost keeps falling, the relative value of sales continues falling and after a certain point, it

starts to rise. It approaches one when transport cost is zero; at that time, the location does not

matter.

Belleflamme et al. (2000) build an equilibrium model for the emergence of clusters. Their

model first uses oligopoly with two firms and examines their location decisions in either

of two regions. This explores the location choices for big companies. The co-location in

one of the regions enables two firms to save production costs. Localization economies mean

the effects of the agglomeration of similar firms. The benefits of localization economies are

represented by the marginal cost reduction in the model by Belleflamme et al. (2000). Then

they use the model of a large number of firms to simulate the emergence of clusters. This

enables them to research the emergence of clusters of many small firms.
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They find that three factors determine the emergence of clusters, including low transport

costs, differentiated products, and substantial localization economies. A high transport cost

disperses firms, and a sufficiently low transport cost makes firms locate together. A differ-

ence between the model by Belleflamme et al. (2000) and that of Krugman (1991) is that,

according to Belleflamme et al. (2000) the dispersed distribution smoothly turns to agglomer-

ation when the transport cost falls. The second force is price competition: fierce competition

prevents firms from co-locating too intensively, whereas product differentiation mitigates

competition. For example, if different firms produce very differentiated products, then they

are not influenced by price competition. Another factor is the scale of localization economies,

and stronger localization economies are beneficial for agglomeration.

Porter’s Industrial Clusters

Porter (1990) creates a link between clusters and regional competitiveness. Clusters are spa-

tial concentrations of interconnected organizations and enterprises, according to Porter. Clusters

encompass suppliers, customers, and producers of complementary items who own associ-

ated skills, technologies, or inputs, and may also incorporate governmental organizations,

educational institutions, standards-setting agents, trade groups, and other complementary in-

stitutions. Clusters encourage both collabouration and competitiveness. Porter (1990, 2000)

investigates industry clusters from a competitiveness standpoint. The competitiveness of the

enterprise and others that make up the cluster determines a region’s competitive advantage.

In the global economy, the choice to build clusters promotes regional or national compet-

itiveness. clusters provide three favourable impacts amid competition: (1) enhancing firm

productivity; (2) encouraging future productivity through innovation; (3) supporting the es-

tablishment of new enterprises, which in turn expands the cluster (Porter et al. 1998).

Porter (1990) introduces the diamond model of competitive advantage to answer two ques-

tions: (1) why companies are competitive in a given industry within a country, and (2) why

a country is the most competitive globally for a particular industry. Porter (1990) focuses

on four key factors in determining the competitive advantage of industries, including firm

strategy, structure and rivalry, demand conditions, factor conditions, and related and sup-
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porting industries, which are all based on the location advantages that a specific industry in

a specific country retains. Government and chance are two additional factors that are usually

used for the model. These factors influence the national environment in which businesses are

founded and grow.

Factor conditions. The resources of a country, encompassing natural, human and capital

resources, are referred to as factor conditions. Two categories of factor conditions are dis-

tinguished: basic and advanced. The former incorporate land, climate and natural resources,

whereas the latter involve skilled labour, technology, transportation infrastructure, tax policy,

etc. Advanced factor conditions can be upgraded on a regular basis and play a more import-

ant role in competitive advantages than basic ones. Some advanced factor conditions can be

promoted by cluster rewards, such as a skilled labour pool, technological spillover, and a tax

policy in the clusters.

Demand conditions. Demand conditions refer to the home-market demand for an industry’s

products or services. The industry that serves more home-market demand, such as a huge in-

ternal market and the demand for high quality, is under greater pressure to improve. The

sophisticated demand condition drives the enterprise to address future customer needs and

satisfy the global market, and as a result, the industry innovates more quickly to gain sustain-

able competitive advantages.

Related and supporting industry. A related and supporting industry is critical to the growth

of one industry. An industry benefits from a supplier industry that is innovative, provides

high-quality intermediate products and distributes timely information. Related and supporting

industries have joined forces to locate near one another in order to cut costs on transportation

and communicate more effectively. As a result, an industry cluster emerges in a region, which

helps industries by allowing them to grow together and sustain competitive advantages.
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Firm strategy, structure and rivalry. The development of a firm is influenced by its strategy,

such as emphasizing high quality and highmargins. Different organizational andmanagement

structures, whether high or low hierarchy, have an impact on how a firm is developed and

operated. The presence of rivalries forces a firms to create differentiated products and di-

versifies the products available in the market. A higher level of domestic competition means

there is more incentive to innovate and a better possibility of entering the global market.

Coagglomeration model of Helsley & Strange (2014)

Helsley & Strange (2014) develop a model of coagglomeration that is the first to explain the

foundation for coagglomeration. Before their research, theoretical literature always distin-

guished between cities where there is complete specialization (only one industry present in

a city) or complete diversity (all industries in a city). The contribution of Helsley & Strange

(2014) is that they consider the intermediate scenario of cities that have coagglomeration of

some industries rather than all industries. They question the conventional idea that a city’s

coagglomeration necessarily entails mutual benefit. They find that equilibrium cities will be

inefficient in city composition and in city scale.

Their coagglomeration model analyses the emergence of cities, followed by an examination

of the characteristics of an efficient city. In themodel, agglomeration external economies such

as input sharing, knowledge spillovers and labour market pooling contribute to the growth of

output per worker of a firm. In the model by Helsley & Strange (2014), the agglomeration ex-

ternalities come from both intra-industry and inter-industry activities, which allows for both

localization effects from the specialization of an industry and urbanization effects from the

diversity of industries. Helsley & Strange (2014) assume that intra-industry external econom-

ies are larger than inter-industry economies with evidence from Henderson (2003) and other

literature. Within-industry agglomeration generates more productivity benefits than cross-

industry effects.

The model assumes that workers are mobile and choose cities to maximize their utility. The

cost of living in a city depends on land cost and transportation costs. Helsley& Strange (2014)

describes that different workers prefer different compositions (clusters) of local employment.

Workers prefer the city where their own industry is dominant. Workers have the incentive to
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go where the same type of workers are the majority. The inefficiency comes about because

of the weakness of migration of workers, no worker is willing to first move to other cities

with other types of workers. As a result, even if the coagglomeration of related industries is

superior and improves welfare, it may fail to emerge.

Helsley & Strange (2014) also show that industries may coagglomerate even if there is no

benefit arising from their co-location. The workers would be in the shared city with other

types of workers though they do not benefit each other. Helsley & Strange (2014) provide

an example of the coagglomeration of the oil-refining industry and software industry in San

Francisco. These two industries are not complementary but they are located together, and the

sufficiently strong own-industry agglomeration effects can account for this situation.

In summary, Helsley & Strange (2014) build a model of city composition where transport

cost is considered and find that coagglomeration may not generate optimal benefits for the

industries that are located together as long as the current city offers sufficient utility for work-

ers, such as the coagglomeration of irrelevant industries. Complementary industries that have

mutual benefits may not select to coagglomerate due to individual migration that no worker

is willing to be the first to move away from their current specialized city.

Agent-based Coagglomeration Model of O’Sullivan & Strange (2018)

O’Sullivan & Strange (2018) simulate the emergence of coagglomeration using an agent-

based model. They start with a city composition model that has multiple equilibria, including

all specialized cities, all diverse cities and the coexistence of specialized and diverse cities.

Their basic model is like that of Helsley & Strange (2014), to which they add the agent-

based model. Firms which are exposed to intra-industry and inter-industry externalities re-

locate to cities where they maximize profits. They find that inter-industry externalities and

coagglomeration have a positive and nonlinear relationship. History, firm size and reloca-

tion costs also affect the magnitude of coagglomeration. In their model, the within-industry

and cross-industry external economies, which is continuously differentiable and concave. In

equilibrium, it is impossible for firms to raise profits by moving to another city. They show

that Nash equilibria can be achieved if all cities are specialized, all cities are diverse and the

combination of specialized and diverse cities.
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O’Sullivan & Strange (2018) find that there is a positive and nonlinear relationship between

levels of coagglomeration and cross-industry externalities. They explain that firms are willing

to co-locate to obtain a higher profit if there is a higher level of coagglomeration externalities.

Larger coagglomeration economies also discourage firms from relocating to the city where

their own industries dominate. They also show that initial conditions for cities affect the final

locations of firms. They test the initial conditions that all cities are diverse, all cities are spe-

cialized, and different elasticities for coagglomeration and agglomeration effects. They find

that when the initial condition is all diverse, the requirement for coagglomeration elasticity

is lower for generating diverse cities in equilibrium, while for initially all specialized cities,

the requirement is much higher.

They use a higher number of workers in firms to test the model for larger firm sizes, and find

that a larger firm size reduces the power of within-industry effects and generates a higher level

of coagglomeration. Additionally, other key findings are that the equilibrium of coagglom-

eration is less than efficient level due to cross-industry external economies being assumed to

be smaller than within-industry economies. Moreover, a higher relocation cost facilitates co-

agglomeration as the firm is less willing to relocate to a specialized city with its own industry

and stays in the initial city.

Coagglomeration of Producer Services and Manufacturers

Lanaspa et al. (2016) develop a theoretical framework that focuses primarily on coagglom-

eration of intermediate producer services and manufacturers. Their model is built on a stand-

ard theoretical New Economic Geography model called the Footloose Entrepreneur Model.

They incorporate intermediate producer services into the New Economic Geography model,

which emphasizes the importance of intermediate producer services in the manufacturing

sector. They discover that intermediate producer services induce industrial spatial concentra-

tion. When intermediate producer services are productive and less differentiated, and more

skilled workers in manufacturing are required, the spatial concentration of manufacturing is

promoted.
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4.2.2 Empirical Research on Coagglomeration Patterns

Coagglomeration pattern inUK. Duranton&Overman (2008) use extensive firm-level data

from the Annual Respondent Database in the UK (which underlies the Annual Census of Pro-

duction) to look at location patterns of manufacturing industries. To measure agglomeration

and coagglomeration, they employ the point-pattern methodology developed by Duranton &

Overman (2005). They find good evidence of coagglomeration of vertically-linked industries

at the regional scale (around 150 km). On the other hand, agglomeration surpasses coagglom-

eration at small geographical scales, since firms tend to locate nearer to their own industry

than to industries with which they have significant input–output ties at small spatial ranges.

Coagglomeration patterns of new and incumbent firms in Germany. Falck et al. (2014) ex-

amine coagglomeration of the manufacturing sector in East and West Germany respectively,

since they have distinct institutional and economic conditions. The East German economy

underwent a dramatic change from a socialist to a market economy. They use data from the

German Social Insurance Statistics on new companies from 1998 to 2001, which comprise

incumbents in 103 three-digit manufacturing categories. To characterize patterns of spatial

processes, they employ the method of Duranton & Overman (2005). Their findings reveal a

large disparity between the two parts of Germany. Coagglomeration for new enterprises in

West German manufacturing industries is around 40%, while it is only 5% in East Germany.

Coagglomeration of knowledge-intensive business services and multinational firms. Jac-

obs et al. (2014) research the coagglomeration of knowledge-intensive business services and

multinational firms. They employ the measure of Duranton & Overman (2005) and use firm-

level data in the Netherlands from 2000 to 2009. They find that knowledge-intensive business

services and multinational enterprises are coagglomerated. Multinational corporations have

a substantial impact on the emergence of knowledge-intensive business services, although

their impact on such start-ups is far smaller than the favourable impact of previously existing

knowledge-intensive business services.
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Coagglomeration of exporters and non-exporters in China. He et al. (2012) investigate the

spatial agglomeration of exporters and coagglomeration between exporters and non-exporters.

They use data from the Annual Survey of Industrial Firms in 2002 and 2007 and employ

the agglomeration and coagglomeration indexes of Ellison & Glaeser (1997). They compare

the EG agglomeration index for exporters and non-exporters, the EG coagglomeration in-

dex between exporters and non-exporters and EG coagglomeration index between exporters

and foreign enterprises (without using a regression model). They find that compared with

non-exporters, exporters are substantially more geographically agglomerated. They also ob-

serve extensive coagglomeration between exporters and non-exporters as well as exporters

and foreign firms.

He et al. (2016) further explore agglomeration and coagglomeration of exporters and non-

exporters in China, using data from the ASIF from 2002 to 2007. They use the methods of

Ellison & Glaeser (1997) to measure the levels of agglomeration and coagglomeration. They

utilize a regression model to identify factors in the agglomeration of exporters and coagglom-

eration between exporters and non-exporters. A self-reinforcing process is pointed out in the

agglomeration of exporters and coagglomeration between non-exporters and exporters. Their

results also indicate that both exporter agglomeration and non-exporter agglomeration have

favourable effects on coagglomeration of exporters and non-exporters.

Coagglomeration of Producer Services and Manufacturing in China. Ke et al. (2014) un-

dertake research on coagglomeration of producer services and the manufacturing sector with

data that consist of 286 cities gathered from the China City Statistical Yearbook and China

Urban Construction Statistical Yearbook from 2003 to 2008. The 2007 China Input-Output

Table is used to capture the producer service sector. The synergy impacts of producer services

and manufacturing are demonstrated using a simultaneous equation of coagglomeration of

these two sectors. They then use the fixed effects instruments estimation, and find the co-

agglomeration of producer services and the manufacturing sector. Their results also suggest

that intra-industry agglomeration has spillovers on its own industry in nearby cities.
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4.2.3 The Determinants of Coagglomeration

The importance of Marshallian externalities in developed countries

Dumais et al. (1997, 2002) are the first to perform empirical research on the trend of indus-

tries co-locating. They explore how spatial concentration emerges from dynamic processes,

using data from the Census Bureau’s Longitudinal Research Database, and they find that the

locations of industrial agglomerations vary over time. They employ experiments that focus

on coagglomeration patterns with the underlying purpose of seeing if they will be useful

in determining which factors generate intra-industry agglomeration benefits. They examine

coagglomeration patterns to evaluate threeMarshallian mechanisms of agglomeration: input-

output linkage, labour market pooling and intellectual spillovers. They find that agglomera-

tion saves transportation costs by being close to input suppliers or consumers, although the

effects are slight. The magnitude of the effects of labour pooling is prominent in reinforcing

agglomeration.

Important empirical research on coagglomeration has been done by Ellison et al. (2010), who

construct pairwise coagglomeration using confidential firm-level data of US manufacturing

industries from the US Economic Census. They quantify industry pair coagglomeration in

two ways: the EG metric of coagglomeration and the DO continuous index. Then, they re-

gress the two indexes on the proxies for Marshall’s three agglomeration externalities and

natural advantages. Ellison et al. (2010) claim that coagglomeration can result from natural

advantages that draw two industries together. Based on local cost advantages and industry

characteristics, they create a spatial distribution.

Ellison et al. (2010) capture input-output linkage using data from 1987 Benchmark Input-

Output Accounts by the Bureau of Economic Analysis. Inputi→ j represents the share of in-

dustry i’s inputs bought from industry j, and range from zero to one. Ouputi→ j is the share of

industry i’s output that is sold to industry j. The proxies for the interconnection inmerchandise

between two industries are undirectional forms of variable Inputi j =max{Inputi→ j, Input j→i}

and Out puti j =max{Out puti→ j,Out put j→i}. They also define a combined InputOut puti j =

max{Inputi→ j,Out puti→ j}.
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Ellison et al. (2010) use data from the 1987 National Industry-Occupation Employment Mat-

rix by the Bureau of labour Statistics to construct the proxy for labour market pooling of

industry pairs. The data contain 277 occupational employment at industry level. They com-

pute the correlation of the share of employment in the same occupation in two industries

across occupations.

Ellison et al. (2010) base their work on R&D and patents to reflect information flows. They

adopt Frederic M. Scherer’s (1984) technology matrix that indicates the flows of R&D activ-

ity from one industry to another to construct variable TechIni→ j and Techouti→ j as Inputi→ j

and Ouputi→ j described above. They also use patent citation by the National Bureau of Eco-

nomic Research (NBER) to capture the extent to which technology in industry i cite techno-

logy from industry j, and vice versa. Using this in the same way as input-output linkage, they

construct PatentIni→ j and Patentouti→ j.

Ellison et al. (2010) find that all three Marshallian externalities are positively related to man-

ufacturing coagglomeration and confirm the importance of shared natural advantages. Shared

natural advantages have stronger effects on coagglomeration than Marshallian externalities.

Of the three Marshallian external economies input-output linkage is the most crucial, closely

followed by labour market pooling. Knowledge spillovers are statistically significant, but

they are not as strong as the other factors.

Faggio et al. (2017) examine patterns of coagglomeration in the United Kingdom as well as

the micro-foundations of agglomeration economies. They investigate prominent heterogen-

eity traits across industries in the UK using establishment-level data and the coagglomeration

measure of Ellison & Glaeser (1997). They then regress the coagglomeration index on labour

pooling, input sharing, and knowledge spillovers and further conduct heterogeneous analysis

of different industries, which comprises new industries, industries with high technology and

high education, industry structure (size of entrants and size of incumbents).
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Faggio et al. (2017) find that input sharing, labour pooling, and knowledge spillovers are

all positively associated with coagglomeration. Regarding heterogeneous industries, coag-

glomeration is not merely a high-tech phenomenon, as evidenced by technology orientation

and education traits. High-tech sectors, on the other hand, have higher knowledge spillovers,

but low-tech industries display a great deal of evidence of input sharing and labour pooling.

Smaller enterprises’ agglomeration effects are more potent, especially when it comes to input

sharing.

Diodato et al. (2018) research the pattern of coagglomeration over time, and analyse the

evolution of the importance of three Marshallian externalities to industrial coagglomeration.

They examine coagglomeration at three geographic levels using data from the County Busi-

ness Patterns in the US and Mexico economic censuses for the years 2003 and 2008. These

two datasets are utilized to capture recent coagglomeration trends, while IPUMSUSA census

samples from 1910 to 2010 are used to capture historical coagglomeration patterns.

Diodato et al. (2018) use the measure for coagglomeration of Ellison & Glaeser (1997) and

the OLS estimator and the IV technique to regress the level of coagglomeration on input-

output connections, labour market pooling, technical similarity, and natural advantages. To

construct instruments, they use analogously constructed variables using data from other coun-

tries. The input-output links and labour similarity are computed usingMexican economy stat-

istics, whereas technological linkages are computed using patents from inventors outside the

United States.

Diodato et al. (2018) find that for manufacturing sectors, input-output sharing and labour

market pooling have a greater impact on coagglomeration than knowledge spillovers, whereas

for the service sector, labour pooling has a considerably greater impact than input-output

links. In terms of the pattern of industrial coagglomeration over time, they highlight that

the effects of input-output linkage on coagglomeration decline dramatically over the years,

whereas the importance of labour market pooling remains almost constant.
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Diodato et al. (2018) then split the sample into manufacturing and service sectors to investig-

ate these disparities, and find that manufacturing sector’s coagglomeration is mainly driven

by input-output linkages, whereas the service sector’s coagglomeration is more dependent

on labour market pooling. They further analyse heterogeneity across industries using 27 sub-

sectors and find that different sub-sectors have varied results. In industries such as electronics

and the medical sector, input-output linkages are critical for coagglomeration, and both input-

output linkages and labour market pooling are essential variables in machinery and hardware

manufacture. Additionally, there is considerable variance in different service sub-sectors as

well.

The Importance of Marshallian Externalities in Developing Countries

Mukim (2015) investigates the coagglomeration of formal and informal industry in India.

The informal sector refers to companies operating in the shadows, uncontrolled by the gov-

ernment, and whose data are not collected to the same extent as the formal sector. In India,

the informal sector is quite extensive and continues to grow, employing more than two-thirds

of the workforce. Mukim uses the 22 two-digit formal and informal manufacturing data in

India for the years 2000 and 2005 and adopts the EG coagglomeration index. Mukim then re-

gresses the level of coagglomeration on buyer-seller linkages (input-output linkages), labour

market pool and technological linkages. Mukim concludes that externalities such as buyer-

seller linkages and technology spillovers are statistically important for formal-informal co-

agglomeration. Mukim also shows that formal-informal coagglomeration is crucial for the

birth of small and medium formal firms in India.

Aleksandrova et al. (2020) investigate both intra-industry agglomeration and inter-industry

agglomeration in Russia. They use firm-level data for the manufacturing sector from the

2014 RUSLANA database and follow the agglomeration (and coagglomeration) measure

of Duranton & Overman (2005). They find that around half of the 4-digit industries and

two-thirds of the 3-digit industries are considerably agglomerated. Approximately 70% of

industry pairs are significantly coagglomerated, primarily across short distances of less than
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100 kilometres. Industries associated with better input-output linkages and more knowledge

spillovers yield more coagglomeration, whereas industries with more labour similarities are

less coagglomerated in Russia. Their findings also demonstrate that decreased transportation

costs result in a higher level of coagglomeration.

Howard et al. (2016) establish a coagglomeration index for developing economies and com-

pare it to other measures available in the literature. Compared with the measure of Ellison &

Glaeser (1997), their coagglomeration index is based on the number of enterprises rather than

employment. They argue that in developing nations like Vietnam, low-skilled workers make

up the majority of the workforce, while high-tech companies with significant knowledge

spillovers employ a limited number of workers. As a result, they employ the number of en-

terprises as a source of agglomeration economies in order to calculate their coagglomeration

index. To prevent over-weighting clusters in rural areas in Vietnam, their measure also adjusts

for overall distribution across the country rather than density in small areas separately. They

use their coagglomeration index to regress coagglomeration on Marshallian externalities and

natural advantages, and find that knowledge spillovers are the most significant determinant

in Vietnam.

Other Factors that Affect Coagglomeration

Shipping costs and information costs. Gallagher (2013) investigates the impact of shipping

costs, information costs and other forces on coagglomeration in the US manufacturing sec-

tor with data from the 1997 census of manufacturing, 2002 Commodity Flow Survey, 1997

input-output table, NBERPatent Database and 2002Occupational Employment Survey. They

contribute to developing approaches for capturing shipping and information costs based on

inter-industry trade. High shipping costs are expected in industries trading with heavy raw

resources, while high information costs are anticipated in industries trading with highly en-

gineered products. They use the coagglomeration measure of Ellison & Glaeser (1997) and

regress it on shipping costs, information costs, natural advantages, knowledge spillovers, la-

bour pooling, and input sharing. Their findings reveal that at the metropolitan level, both

shipping and information costs affect industrial coagglomeration.
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Shared knowledge and coagglomeration of occupations. Gabe & Abel (2016) analyse the

coagglomeration of workers in various occupations using data from the 2010 IPUMS, which

covers 468 occupations in the United States. The coagglomeration of occupations is meas-

ured by the method of Ellison & Glaeser (1997). They then regress the level of occupation

coagglomeration on knowledge similarity between occupations (with data from US labour’s

Occupational Information) and control variables. Their findings suggest that occupationswith

common knowledge are more inclined to coagglomerate. The shared knowledge related to

technology, mathematics, arts, etc. has the greatest impact on occupational coagglomeration

in metropolitan regions.

4.2.4 The Effects of Coagglomeration

Impacts on production. Tokunaga & Kageyama (2008) examine the effects of agglomer-

ation and coagglomeration on production in the manufacturing sector in Japan. Plant-level

panel data in the 1985,1990,1995 and 2000 Japanese Census of Manufactures are used in

their research. They apply the agglomeration and coagglomeration index of Ellison&Glaeser

(1997), and find that both agglomeration and coagglomeration positively influence manufac-

turing production in Japan.

Barrios et al. (2006) investigate the effects of coagglomeration of domestic and foreign firms

on the productivity of domestic firms. They use plant-level data in Ireland since 1972 and

the coagglomeration measure of Ellison & Glaeser (1997) to generate the coagglomeration

index. They regress the total factor productivity and labour demand separately on foreign

presence in industries and other control variables. They find a high level of coagglomera-

tion of domestic plants and multinational plants during the sample period. Spillover effects

from multinational plants benefit domestic plant productivity and employment, but only in

industries where foreign and domestic plants are coagglomerated.
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Impacts on carbon intensity. Li et al. (2019) investigate the effects of coagglomeration of

producer services and manufacturing on carbon intensity. Their panel data comprises yearly

data from the National Bureau of Statistics of China for 30 Chinese provinces from 2009 to

2016. They use a method called location entropy to determine the degree of coagglomeration

of producer services and manufacturers. They then adopt the threshold regression model to

regress carbon intensity on the level of coagglomeration and four control variables, including

government supports, technology market maturity, knowledge spillovers, and R&D inputs.

Their findings suggest that resource misallocation restricts the impact of producer services

and manufacturing coagglomeration on carbon emission reduction. When there is a suitable

allocation of resources, coagglomeration can significantly diminish carbon intensity.

Impacts on knowledge sharing and innovation. Zhang (2015) uses firm-level data from the

annual survey by the National Bureau of Statistics of China from 1998 to 2007 to investigate

the effects of agglomeration on product innovation (new product). Following Martin et al.

(2011), Zhang constructs localization economies and urbanization economies variables to

measure agglomeration. The empirical results show that urbanization economies rather than

localization economies promote firms’ new product output.

Connell et al. (2014) investigate the benefits of industrial clusters for innovation and know-

ledge spillovers. They use the qualitative research method by interviewing key people within

two representative industry clusters in Dubai. The Partner Relationship Managers in each of

the two free-zone clusters choose the individuals who will be interviewed. Within the two

industry clusters, a total of 18 interviews were carried out, ranging from small, medium, and

big businesses. They demonstrate that in Dubai, two of the four-diamond factors identified by

Porter (1990) are applicable. The competition of other firms, as well as connected and sup-

porting industries, are major determinants. They claim that industrial clusters boost sharing

of knowledge and collabourative innovation greatly.
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4.2.5 Summary of the Literature Review

The literature review includes the theory of coagglomeration and empirical research on co-

agglomeration. The empirical research incorporates coagglomeration patterns, the drivers of

coagglomeration and its effects. Compared with agglomeration, there is much less theoretical

and empirical research on coagglomeration.

Regarding theory, the cluster theory of Porter (1990) is related to coagglomeration, but it

does not offer formal explanations of coagglomeration. Helsley & Strange (2014) present

a rigorous, comprehensive analysis of coagglomeration with a model of city composition.

They demonstrate that coagglomeration may not benefit the industries that concentrate to-

gether as long as the current city provides adequate utility for workers. Since no worker is

willing to relocate first, complementary industries with reciprocal benefits may not opt to

coagglomerate.

O’Sullivan & Strange (2018) build an agent-based model to mimic the emergence of coag-

glomeration. They also use a city composition model and contribute by adding the agent-

based model to it. They suggest a positive, nonlinear relationship between inter-industry ex-

ternalities and coagglomeration. Their findings imply that coagglomeration is influenced by

factors such as history, size of firm, and relocation costs.

With respect to empirical research, some research focuses on general coagglomeration of all

industry pairs (Ellison et al. 2010), while some investigates the coagglomeration of certain

industries such as exporters and foreign enterprises (He et al. 2016), domestic firms and

foreign firms (Barrios et al. 2006), intermediate producer services and manufacturers (Ke

et al. 2014), informal industry and formal industry which only exist in some countries (Mukim

2015).

Most research on the drivers of coagglomeration focuses on three Marshallian forces and nat-

ural advantages (Ellison et al. 2010, Diodato et al. 2018, Howard et al. 2016). A few studies

investigate transport costs or shipping costs (Gallagher 2013). There is not much research on

the effects of coagglomeration, including the impact on productivity (Tokunaga &Kageyama

2008, Barrios et al. 2006) and on carbon intensity (Li et al. 2019). Due to the lack of prior
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literature on coagglomeration, some important literature is accorded more attention in this

literature review. The construction of highways is expected to be related to the spatial con-

centration of industries. Highways shorten the time needed to transport intermediate goods

and reduce transport costs, whichmay lead to the co-location of industries that share ideas and

labour. Additionally, the construction of highways attracts firms to locate near them. Nev-

ertheless, research that investigates the relationship between coagglomeration and highways

is scarce, and this study fills the gap by exploring the effects of highway access on pairwise

coagglomeration.

4.3 Hypothesis Development

4.3.1 Highway Access and Coagglomeration

Building on the theoretical framework established by Belleflamme et al. (2000), which ex-

plores the dynamics of firm location decisions and cluster formation, this study proposes a

hypothesis concerning the relationship between highway access and co-agglomeration. Belle-

flamme et al. (2000) developed an equilibrium model to analyse the conditions under which

firms will co-locate in a single region, focusing on the impact of transport costs, product

differentiation, and localisation economies on cluster emergence. According to Belleflamme

et al. (2000), as transportation costs decrease, firms are more likely to co-locate, which fosters

agglomeration and maximizes the benefits of being situated in close proximity to similar

firms. This effect is expected to be more pronounced in the presence of substantial localiza-

tion economies, where reduced transportation costs lead to greater cost savings.

In this model by Krugman (1991), the reduction in transport costs diminishes the relative

cost advantage of spreading production across multiple regions, thereby encouraging firms

to locate in a single location. Krugman (1991) highlights that, as transport costs decrease,

the spatial concentration of manufacturing industries becomes more pronounced, driven by

economies of scale and the home market effect. In Krugman (1991), transport cost reductions
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initially promote firm concentration by decreasing the relative costs of spreading production,

approaching a point where further reductions yield diminishing effects on spatial concentra-

tion, whereas Belleflamme et al. (2000) suggests that as transport costs decrease, the transition

from dispersed distribution to agglomeration occurs more smoothly and continuously.

In light of this, the hypothesis developed for this study is as follows: Improved highway

access, by reducing transportation costs, enhances the likelihood of coagglomeration among

firms. Lower transport costs facilitate the clustering of firms, thereby amplifying the benefits

of cost-saving.

4.3.2 Input-output Linkages and Coagglomeration

In analysing the impact of highway infrastructure on industry coagglomeration, it is hypo-

thesised that, for industry pairs with higher input-output linkages, improvements in highway

access diminish the influence of these linkages on coagglomeration. Input-output linkages

refer to the degree of interdependence between firms based on their supply and demand rela-

tionships. When these linkages are strong, firms in an industry pair are typically compelled

to co-locate initially to minimise transportation costs and ensure timely delivery of inputs

and outputs. Consequently, prior to any infrastructural improvements, the need for proximity

due to input-output linkages would drive firms to establish themselves in close geographical

proximity.

However, as highway access improves, the cost advantages of proximity diminish, allow-

ing firms to decentralise their locations while still maintaining efficient supply chain inter-

actions. Enhanced transportation infrastructure reduces the logistical burden of maintaining

close physical proximity, thus decreasing the necessity for firms to co-locate as a result of

input-output linkages. This shift suggests that with better highway access, firms can expand

their spatial distribution and still benefit from efficient input-output relationships, leading to

a reduction in the role of these linkages in determining coagglomeration patterns. Therefore,

the hypothesis posits that improvements in highway access reduce the significance of input-

output linkages on coagglomeration, as firms gain the flexibility to locate further from their

suppliers and still maintain effective operational interactions.
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Bilateral Input-output adjusted Highway Access. The proposed hypothesis centres on the

relationship between improvements in highway access and the coagglomeration levels of

industry pairs, as captured by the Input-Output adjusted Highway Access metric. This metric

evaluates how the enhanced connectivity via highways influences the transport costs between

industries and, consequently, their spatial agglomeration. Specifically, it is hypothesised that

industries which engage in substantial inter-industry transportation of goods will experience a

significant reduction in transport costs due to highway improvements. This reduction in costs

would, in turn, decrease the necessity for these industries to remain in close proximity to one

another. Conversely, for industry pairs that engage in minimal inter-industry transportation,

the impact of improved highway access on their spatial relationship would be negligible, as

their transport costs are already low.

Thus, the hypothesis posits that a substantial decrease in transport costs resulting from im-

proved highway access will lead to a lower coagglomeration level between industries that

transport large volumes of goods between them. This is because the reduction in transport

expenses diminishes the economic incentive for these industries to cluster geographically.

On the other hand, industries with minimal transport interactions will remain relatively un-

affected by highway improvements in terms of their spatial arrangement.

4.3.3 Related Industries and Coagglomeration

This study posits that the impact of highway access on the coagglomeration of related indus-

tries is more substantial compared to its effect on less interconnected sectors. Manufactur-

ing industries that share input-output linkages, possess a common skilled labour pool, and

benefit from knowledge spillovers are predisposed to co-locate to reduce production costs

and stay competitive with technological advancements (Ellison et al. 2010). In China, this

trend is evident as industries involved in different stages of the value chain or those using

shared inputs often cluster together (Dai et al. 2021). The benefits of such clustering, includ-

ing enhanced bargaining power and reduced input costs, are well-documented. For example,

research on the cashmere sweater cluster in Puyuan shows a high degree of coagglomeration

among industries at various stages of production (Ruan & Zhang 2009).
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Given these observations, it is hypothesised that highway access will have amore pronounced

effect on the coagglomeration of related industries than on less connected ones. Improved

highway infrastructure facilitates easier and more cost-effective transportation of goods and

resources, thereby amplifying the clustering effect among industries that are already inclined

to co-locate due to their shared inputs and value chain positions. Thus, related industries are

expected to exhibit a greater tendency to coagglomerate in response to enhanced highway

access, reflecting the advantages gained from improved connectivity and reduced logistical

barriers.

4.3.4 State-Owned Enterprises and Coagglomeration

In examining the relationship between highway infrastructure and industrial coagglomera-

tion, it is hypothesised that the effect of highways on coagglomeration is diminished in in-

dustries with a high share of state-owned enterprises. According to Lu & Tao (2009), local

protectionism, as indicated by the share of SOEs, hinders within-industry agglomeration. The

hypothesis posits that highways have a relatively minor impact on coagglomeration within

industries where SOEs constitute a significant proportion. This is primarily because many

SOEs are established prior to the construction of highways, resulting in their locations be-

ing largely unaffected by subsequent infrastructural developments. In the ASIF dataset over

the period 1998 to 2007, the average age of SOEs is significantly older years compared to

non-SOEs, suggesting that SOEs’ locations are less responsive to the changes brought about

by highways. Consequently, the presence of highways may not significantly influence the

coagglomeration patterns in these industries.

Furthermore, non-SOEs, which are typicallymore recent and flexible in their location choices,

tend to benefit more from highway infrastructure, leading to greater coagglomeration. This

dynamic is consistent with the observation that non-SOEs are more likely to co-locate in re-

sponse to improved transportation networks, whereas the established locations of SOEs may

deter new agglomerative patterns. The findings of Lu & Tao (2009), based on data fromASIF

dataset and the Ellison and Glaeser measure of agglomeration, demonstrate that industrial ag-
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glomeration is inversely related to the share of SOEs. This suggests that local protectionism,

as represented by a high share of SOEs, is a significant barrier to industrial agglomeration,

further supporting the hypothesis that highways have a reduced effect on coagglomeration in

SOE-dominated industries.

4.4 Data and Methodology

4.4.1 Data

The summarized dataset used in this chapter is as follows. Two main datasets are used to

compute the key variables. First is the Annual Survey of Industrial Firms, which collects

firm-level data in the manufacturing industries. It is used to calculate the coagglomeration

index. The address information and other data in the ASIF help the calculation of highway

access and control variables. The GIS highway routes are obtained from the ACASIANData-

set, which is also used by Faber (2014) when investigating the effect of highway networks on

economic activity in peripheral regions. The ACASIAN contains GIS information on high-

ways in China.

There are other datasets that are used to generate the controls. The 1997, 2002 and 2007

China Input-output tables are used to capture the input-output linkage of industry pairs and

the use of natural resources. These input-output tables are mainly for 3-digit industries in

manufacturing after being converted to GB2002 industry classification by this study. The

China 2000 census from IPUMS is used to capture the labour similarity of industry pairs,

which is at 2-digit industry level. The 1999, 2002 and 2007 US occupation-industry matrix

contains the information that is used to capture the labour pooling of industry pairs, which

are needed to be converted to industry pairs in China. Additionally, the dataset that matches

China’s State Intellectual Property Office (SIPO) patents for firms in the ASIF from He et al.

(2018) is adopted to capture the knowledge spillovers of industry pairs.
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4.4.2 Key Variables

Coagglomeration measures

The most used coagglomeration measure is that of Ellison & Glaeser (1997). Pairwise coag-

glomeration examines the correlation between two industries in the same region. Regions are

predefined administrative districts that are not spatially continuous, which is also a limitation

of this measurement. The coagglomeration formula for industry pairs (two industries) using

by Ellison & Glaeser (1997) is as follows:

γc
i, j =

∑R
r=1(sri − xr)(sr j − xr)

1−∑R
r=1 x2

r
(4.1)

Where γc
i, j is the EG coagglomeration value of industry i and industry j (i ̸= j). sri is the share

of industry i’s employment in region r. sr j is the share of industry j’s employment in region

r. xr represents the aggregate size of region r. xr is modelled as the mean employment share

in region r across all industries by Ellison et al. (2010). This study follows their method for

calculating xr. The EG coagglomeration index takes the region size into account to generate

the coagglomeration degree of industry pairs. A higher γc means the industry pairs are more

concentrated together.

To clarify how the coagglomeration formula in Equation 4.1 is applied at the three aggregation

levels (province, city, and county), the following approach is used. Regarding the province

Level: the formula calculates the coagglomeration index γc
i, j by aggregating employment

shares sri and sr j for each industry i and j within each province. The aggregate size xr is

the mean employment share for all industries within the province. Similarly, at the city level,

the employment shares sri and sr j are computed for industries i and j within each city. The

aggregate size xr is the mean employment share in each city. At the county level, the same

approach is applied and xr is calculated as the mean employment share in each county.
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Highway access for pairwise industries

The formula for the highway access variable for industry pairs is:

highway accessi j =
1√

distancei,highway ∗distance j,highway
, f or i ̸= j (4.2)

where distanceindustryi,highway and distanceindustry j,highway are the weighted mean of Euclidean

distance from the nearest highways to firms of industry i and j respectively. The weights are

calculated by the share of employment of firms in the industry. The distance from a firm to its

nearest highway are computed by ArcGIS. The formula for the weighted distance between

industry i and the highway network is as follows:

distanceindustryi,highway =
n

∑
k=1

distance f irmk,nearest highway ∗weightk (4.3)

where firm k is in industry i. The formula forweightk calculated by employment is:weightk =
employment in f irmk

employment in industryi
.

Bilateral Input-Output adjusted Highway Access Measurement

The Input-Output adjusted Highway Access (IOHA) metric is designed to quantify the high-

way access between industry pairs, taking into account both the size of the transportation

flows and the distance to the nearest highway. The Bilateral IOHA, denoted as IOHABilateral
i j ,

is defined by the following equation:

IOHABilateral
i j = s j→i ·

(
−

Di +D j

2

)
+ si→ j ·

(
−

Di +D j

2

)
= (s j→i + si→ j) ·

(
−

Di +D j

2

)
(4.4)

In this equation, si→p represents the output size of industry i destined for industry p, indicating

the volume of goods transported from industry i to industry p. Conversely, sp→i reflects the

input size of industry i sourced from industry p, quantifying the amount of goods received

by industry i from industry p. The distance Di denotes the proximity of industry i to the

nearest highway, and D j represents the distance of industry j to its nearest highway. The

term −Di+D j
2 adjusts the measure to account for the average distance to the nearest highway

for both industries. By incorporating these variables, the Bilateral IOHA metric captures the

combined effect of transportation volume and highway proximity on the inter-industry access.
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4.4.3 Model Specification

The baseline model

The baseline regression model for investigating the effect of highway access on coagglom-

eration is:

γc
i jt = α +β1highway accessi jt +β2Xi jt +δi j +∂t + εi jt (4.5)

where γc
i jt is the coagglomeration level of industry i and j at time t (i ̸= j). highway accessi jt

is the reciprocal of square root of the weighted average distance from industry i to highway

multiplies the weighted distance from industry j to highway, 1/
√

DiD j. The control variables

are the proxies for input-output linkage, labour pooling, knowledge spillover and natural

advantages. δi j is the industry effect. ∂t is the year effect. εi jt is the error term. The dependent,

independent and control variables’ name, definition, name in the regression are shown in

Table 4.1.

Table 4.1: Variable definition

Variable name data Definition name in regression
EG coagglomeration index
(province-level)

ASIF EG coagglomeration index for 3-digit industry
pairs at province level

coagg_province

EG coagglomeration index (city-
level)

ASIF EG coagglomeration index for 3-digit industry
pairs at city level

coagg_city

EG coagglomeration index
(county-level)

ASIF EG coagglomeration index for 3-digit industry
pairs at county level

coagg_county

highway access for industry pairs ACASIAN;ASIF 1/sqrt (weighted mean of distance from industry i
to highways*weighted mean of distance from in-
dustry j to highways)

highway access

Input output linkage 1997, 2002 and
2007 IO table

max(inputij,inputji) input linkage

Labor market pooling China 2000
census;1999,
2002 and 2007
US occupation-
industry matrix

US occupation correlation at 3 digit industry*
China occupation correlation at 2 digit industry

labor_pooling

Knowledge spillovers SIPO&ASIF Patent similarity between industry pairs Knowledge
spillovers

Natural advantages:
agriculture 1997, 2002 and

2007 IO table

√
AiA j agriculture

petroleum 1997, 2002 and
2007 IO table

√
PiPj petroleum

coal 1997, 2002 and
2007 IO table

√
CiC j coal
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Control variables construction

Regarding the control variables, input-output linkage, labour pooling, knowledge spillovers

and natural advantages are all expected to have positive effects on coagglomeration. These

control variables are constructed as follows.

Input-output linkage

This study uses the direct consumption coefficient tomeasure the input-output linkage of pair-

wise industry with data from the China IO table. Inputi→ j represents the share of industry i’s

inputs bought from industry j, and range from zero to one. The proxy for input-output link-

age between an industry pair is Input_out put linkagei j = max{Inputi→ j, Input j→i}. There

are three (1997, 2002 and 2007) China IO tables that can be used for the sample period 1998-

2007. To make the time-variant variables, this study assigns the 1997 IO table for samples in

1998-2000, the 2002 IO table for samples in 2001-2003, and the 2007 IO table for samples in

2004-2007. The China IO table only contains information about three-digit industries, thus

this study conducts regression for three-digit industry pairs.

Labour market pooling

Ellison et al. (2010) use data from the 1987 National Industry-Occupation Employment Mat-

rix from the Bureau of labour Statistics to construct the proxy for labour market pooling of

industry pairs. They compute the correlation of the share of employment in the same oc-

cupation in two industries across occupations. The rationale is that occupation correlations

between different industries tend to be similar across countries. In order to use this data in

research on China, Ding et al. (2019) multiply correlation value with the weight from China’s

2002 Input-Output table to measure the labour-structure similarity of upstream industries and

downstream industries.

This study uses 1999, 2002 and 2007 industry-specific Occupational Employment Statistics

data from the Bureau of labour Statistics for samples in 1998-2000, 2001-2003 and 2004-

2007, respectively. The industry-specific Occupational Employment Statistics data in 1999

employ the SIC system; data in 2002 and 2007 use the 4-digit North American Industry

Classification System (NAICS). In order to make the US data concordant with The China

industry classification, this study converts the 2002 NAICS code (and 1987 SIC code) to
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1997 NAICS code with a 2002 NAICS to 1997 NAICS concordance table (and a 1987 SIC

to 1997 NAICS concordance table) from US Census Bureau. Then this study converts 1997

NAICS to China GB2002 industry code with a concordance table from Ma et al. (2014),

which is a 6-digit NAICS to 4-digit GB concordance table.

Since the correlation of occupations come from US data, this study adjusts it with the China

2000 Census data from IPUMS, which provides an occupation-industry table of individuals

in 2-digit China GB1994 industry code. The correlation coefficients of occupations in 2-digit

industry in China is multiplied by the US correlation coefficients.

labour poolingi, j =US occupation correlationi, j ∗China occupation correlationt,k (4.6)

where i, j is the 3-digit industry code (i ̸= j). t, k is the two-digit industry code. i belongs to t,

j belongs to k. The occupation correlation for industry pairi j is calculated with the formula

Occ correlationi, j =
∑(occ sharei −occ sharei)(occ share j −occ share j)√

∑(occ sharei −occ sharei)2 ∑(occ share j −occ share j)2
(4.7)

Knowledge spillovers

In this chapter, knowledge spillovers are captured by similar patents created by different

industries. Ellison et al. (2010) have two measures for knowledge spillovers. One is Frederic

M. Scherer’s (1984) technology matrix that indicates the flows of R&D activity from one

industry to another. The other is the patent citation by the National Bureau of Economic

Research to capture the patent citation number of industry pairs. Due to the lack of R&D and

patents citation flow between industries as with Ellison et al. (2010), this chapter uses the

number of patents that are in the same sub-classification created by industry pairs in each

year to measure knowledge spillovers. This study adopts the dataset from He et al. (2018)

who match SIPO patents to firms in the ASIF, which also is used by Chen et al. (2018)

when exploring the effects of exporting on firm innovation. Chen et al. (2021) also follow

the method by He et al. (2018) when dealing with patents data to investigate the benefits of

R&D and patents in China.
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Patents in China have three major categories: design patents, invention patents and utility

model patents. The design patent refers to a new design based on colour, shape, and pattern

of products. The utility model patent refers to a new technical solution for a new product

regarding its shape or structure or both. The invention patent refers to new technical solu-

tions proposed for new products, methods or improvements, and it is the patent for which

it is the most difficult to get the license. Invention patents and utility model patents use the

International Patent Classification, and design patents adopt the Locarno Classification. This

study uses all three types of categories, and counts the number of patents that are in the same

sub-classification (same first-four patent classification number) for an industry pair each year

to calculate the knowledge spillovers.

Natural advantages

The joint natural inputs shares of pairwise industries are used to capture the natural resources

advantages of industry pairs. If industry i and industry j both rely on the same natural re-

sources, they are likely to co-locate near resources. The proxies include joint agricultural

input share, petroleum input share and coal input share using data from the 1997, 2002 and

2007 China IO table for samples in 1998-2000, 2001-2003 and 2004-2007 respectively. Tak-

ing agricultural input share as an example, the agricultural input reliance for industry i and

industry j is calculated as the
√

agricultural inputs sharei ∗agricultural inputs share j. A

higher value means that the industry pair depends more on natural resources.

4.5 Summary Statistics and Baseline Results

4.5.1 Summary Statistics of Baseline Model Variables

EG coagglomeration analysis

This section shows the summary statistics of baseline model variables. Table 4.2 shows the

average EG coagglomeration index of Chinese manufacturing industries over the sample

period (1998-2007) for 4-, 3- and 2-digit industries at county, city and province levels, re-

spectively. Table 4.2 also cites the US Pairwise EG coagglomeration at 3-digit industry level

of Ellison et al. (2010) with 1987manufacturing data to compare with the results of this study.
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The mean value of EG coagglomeration each year is approximately zero decided by the equa-

tion of the EG coagglomeration index. Unlike EG agglomeration within industry, the mean

EG coagglomeration is very close to zero, which is reasonable as explained by Ellison et al.

(2010). According to the formula of the EG coagglomeration measure, the benchmark is the

average size of each region, which is the mean employment share in a region across all indus-

tries. The average value of deviations of all industries from the benchmark is approximately

zero.

The mean coagglomeration is further explained by the kernel density estimations as shown

in Figure 4.1, which presents the kernel density plots of coagglomeration for 3-digit pairwise

industries at province, city and county levels. The area under the kernel density plot is 1,

which is the total probability. The peaks show that the values of EG pairwise coagglomera-

tion at province, city and county levels concentrate around zero, indicating that the majority

of coagglomeration levels are close to zero. This reflects that the mean coagglomeration is

approximately zero in the EG coagglomeration measure.

The mean pairwise coagglomeration indices over the sample period do not increase, which

is different from the mean EG agglomeration within industry (i.e. the upward trend of mean

agglomerationwithin industry in China from 1998 to 2007). Themean of the coagglomeration

index is around zero each year. The coagglomeration index is measured as the deviation of

each industry from the benchmark, where the benchmark (average size of each region) adjusts

each year. Thus themean coagglomeration does not change and stays approximately zero over

time.
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(a) kernel density estimation of coagglomeration at province level

(b) kernel density estimation of coagglomeration at city level

(c) kernel density estimation of coagglomeration at county level

Figure 4.1: Kernel density plots of coagglomeration for 3-digit pairwise industries
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Table 4.2: Descriptive statistics for the EG coagglomeration index

Mean Std. Dev. Min Max
This study
4-digit industry
province 0.000 0.032 -0.168 0.856
city 0.000 0.002 -0.017 0.196
county 0.000 0.001 -0.011 0.213
3-digit industry
province 0.000 0.026 -0.114 0.298
city 0.000 0.005 -0.021 0.080
county 0.000 0.002 -0.040 0.040
2-digit industry
province -0.001 0.019 -0.055 0.095
city 0.000 0.003 -0.010 0.018
county 0.000 0.001 -0.006 0.012
Ellison, Glaeser & Kerr (2010)
1987 Census of Manufacturers data
3-digit industry
state 0.000 0.013 -0.065 0.207
city 0.000 0.006 -0.025 0.119
county 0.000 0.003 -0.018 0.080

The standard deviation of the EG coagglomeration index implies the deviation of the co-

agglomeration of industry pairs and the extent to which pairs coagglomerate positively or

negatively. As shown in Table 4.2, the standard deviation at province level is larger than at

city level, and the standard deviation at the county level is the smallest. This means that at a

larger geographic level, the difference of pairwise coagglomeration is more significant. The

minimum values are all negative. Ellison et al. (2010) indicate that negative EG coagglomer-

ation values arise when industry pairs are agglomerated in different regions. Regarding dif-

ferent industrial classification levels, the standard deviation of 4-digit industry is the largest

and 2-digit is the smallest in general. This reflects that more specific industrial classification

generates a larger difference in pairwise coagglomeration.
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Figure 4.2 shows the standard deviation of coagglomeration for 2-, 3- and 4-digit industry

pairs from 1998 to 2007. The standard deviations increase at province level and are stable

at city and county levels. This indicates that at province level, industry pairs coagglomerate

more or disperse more over time; at city and county level, the pattern does not change from

1998 to 2007. This is probably because the provincial government has more autonomy than

the city and county levels. Coagglomeration at the province level is more likely to be affected

by the policy of provincial government.

The ten most coagglomerated 3-digit industry pairs at province, city and county level are

shown in Tables 4.3, 4.4 and 4.5, respectively. The majority of industry pairs repeatedly ap-

pear at three geographic levels. In the top 10 3-digit industry pairs, most industries manufac-

ture electronic equipment, instrumentation, cultural and office machinery and toys. There are

overlaps in the industry pairs, for example, among the top ten industry pairs at city level, com-

puter manufacturing (industry code 404) coagglomerates with cultural and office machinery

manufacturing (code 415, ranked first), home audio-visual equipment manufacturing (code

407, ranked third), watch and timing instrument manufacturing (code 413, ranked eighth)

and other electronic equipment manufacturing (code 409, ranked ninth). Home audio-visual

equipment manufacturing (code 407) also coagglomerates with cultural and office machinery

manufacturing (code 415), watch and timing instrument manufacturing (code 413) and other

electronic equipmentmanufacturing (code 409). This indicates that these industries are highly

likely to co-locate as a group rather than in pairs.

Some industry pairs belong to the same 2-digit categories, such as electronic equipment man-

ufacturers (pairs code 404-407, 407-409 and 404-409); they might have similar inputs, a sim-

ilar labour pool, and similar technologies. The coagglomeration of toy, other plastic products

and some electronicmanufacturers is possibly because they have similar inputs such as plastic

materials.
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(a) SD of coagglomeration for 2-digit industry pairs

(b) SD of coagglomeration for 3-digit industry pairs

(c) SD of coagglomeration for 4-digit industry pairs

Figure 4.2: The standard deviation of coagglomeration from 1998 to 2007
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Table 4.3: Highest pairwise coagglomerations at province level

Rank Industry 1 Industry 2 γc
i, j

code name code name
1 244 Toy manufacturing 407 Home audio-visual

equipment manufactur-
ing

0.217

2 407 Home audio-visual equip-
ment manufacturing

413 Watch and timing instru-
ment manufacturing

0.202

3 244 Toy manufacturing 413 Watch and timing instru-
ment manufacturing

0.193

4 407 Home audio-visual equip-
ment manufacturing

415 Cultural and office ma-
chinery manufacturing

0.190

5 244 Toy manufacturing 415 Cultural and office ma-
chinery manufacturing

0.188

6 413 Watch and timing instru-
ment manufacturing

415 Cultural and office ma-
chinery manufacturing

0.168

7 309 Other plastic products
manufacturing

407 Home audio-visual
equipment manufactur-
ing

0.167

8 244 Toy manufacturing 309 Other plastic products
manufacturing

0.161

9 309 Other plastic products
manufacturing

413 Watch and timing instru-
ment manufacturing

0.151

10 348 Stainless steel and daily-
use metal products manu-
facturing

407 Home audio-visual
equipment manufactur-
ing

0.151

Note: the industry code is the industry classification system GB/T 4754-2002.

Table 4.4: Highest pairwise coagglomerations at city level

Rank Industry 1 Industry 2 γc
i, j

code name code name
1 404 Computer manufacturing 415 Cultural and office ma-

chinery manufacturing
0.041

2 407 Home audio-visual equip-
ment manufacturing

415 Cultural and office ma-
chinery manufacturing

0.040

3 404 Computer manufacturing 407 Home audio-visual
equipment manufactur-
ing

0.038

4 407 Home audio-visual equip-
ment manufacturing

413 Watch and timing instru-
ment manufacturing

0.038

5 413 Watch and timing instru-
ment manufacturing

415 Cultural and office ma-
chinery manufacturing

0.036

6 244 Toy manufacturing 407 Home audio-visual
equipment manufactur-
ing

0.035

7 309 Other plastic products
manufacturing

407 Home audio-visual
equipment manufactur-
ing

0.032

8 404 Computer manufacturing 413 Watch and timing instru-
ment manufacturing

0.032

9 404 Computer manufacturing 409 Other electronic equip-
ment manufacturing

0.032

10 407 Home audio-visual equip-
ment manufacturing

409 Other electronic equip-
ment manufacturing

0.030

Note: the industry code is the industry classification system GB/T 4754-2002.
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Table 4.5: Highest pairwise coagglomerations at county level

Rank Industry 1 Industry 2 γc
i, j

code name code name
1 244 Toy manufacturing 407 Home audio-visual

equipment manufactur-
ing

0.023

2 407 Home audio-visual equip-
ment manufacturing

415 Cultural and office ma-
chinery manufacturing

0.020

3 404 Computer manufacturing 407 Home audio-visual
equipment manufactur-
ing

0.019

4 309 Other plastic products
manufacturing

407 Home audio-visual
equipment manufactur-
ing

0.018

5 407 Home audio-visual equip-
ment manufacturing

409 Other electronic equip-
ment manufacturing

0.017

6 244 Toy manufacturing 309 Other plastic products
manufacturing

0.017

7 309 Other plastic products
manufacturing

409 Other electronic equip-
ment manufacturing

0.016

8 182 Textile fabric shoe manu-
facturing

244 Toy manufacturing 0.016

9 244 Toy manufacturing 415 Cultural and office ma-
chinery manufacturing

0.016

10 244 Toy manufacturing 409 Other electronic equip-
ment manufacturing

0.015

Note: the industry code is the industry classification system GB/T 4754-2002.

Highway access for industry pairs

Table 4.6 shows the summary statistics of highway access for 3-digit industry pairs yearly.

The mean, minimum and maximum values all increase, which indicates that highway access

for industry pairs improved over the sample period. Figure 4.3 more vividly shows the trend

of highway access with the mean values from 1998 to 2007.

Table 4.6: Summary statistics of highway access for 3-digit industry pairs

year mean sd min max
1998 0.0461 0.0176 0.0143 0.1817
1999 0.0489 0.0180 0.0127 0.1545
2000 0.0629 0.0235 0.0163 0.1951
2001 0.0681 0.0249 0.0165 0.2153
2002 0.0823 0.0303 0.0190 0.2214
2003 0.0751 0.0307 0.0133 0.2367
2004 0.0946 0.0369 0.0209 0.2698
2005 0.1186 0.0418 0.0234 0.2777
2006 0.1190 0.0401 0.0249 0.2751
2007 0.1265 0.0452 0.0239 0.3101

Note: This table shows highway access for 3-digit industry pairs from 1998 to 2007.
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Figure 4.3: Average highway access from 1998 to 2007

Summary statistics for all variables

The correlation matrix is shown in Table 4.7. Besides EG coagglomeration at province, city

and county levels (three dependent variables), there are no very correlated variables.

Summary statistics of variables used in the baseline model are displayed in Table 4.8. EG

coagglomeration indices are calculated at province, city and county levels.
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Table 4.7: Correlation coefficients of all variables in the baseline model

EG province EG city EG county highway acess knowledge input_output labor_pool
EG province 1.0000
EG city 0.7153 1.0000
EG county 0.5589 0.7501 1.0000
highway_access 0.0559 0.0534 0.0328 1.0000
knowledge 0.0797 0.1023 0.0990 0.3946 1.0000
input_ouput 0.0860 0.0944 0.0627 0.0625 0.1199 1.0000
labor_pool 0.1210 0.1377 0.0888 0.1007 0.2300 0.4259 1.0000
agriculture 0.0741 0.0778 0.0490 -0.1645 0.0760 0.0256 0.1544
petroleum 0.0238 0.0259 0.0224 0.0137 0.0538 0.0349 0.0720

agriculture petroleum coal
agriculture 1.0000
petroleum -0.0215 1.0000
coal -0.0325 0.1335 1.0000

Table 4.8: Summary statistics of variables used in the baseline model

Variable Obs Mean Std. Dev. Min Max

EG coagglomeration (province) 128,166 -0.0004 0.0263 -0.1141 0.2976
EG coagglomeration (city) 128,166 -0.0002 0.0047 -0.0210 0.0797
EG coagglomeration (county) 128,166 -0.0001 0.0021 -0.0399 0.0403
highway_access 128,166 0.0843 0.0427 0.0127 0.3101
knowledge_spillover 128,166 2.1518 2.1156 0.0000 9.8330
input_ouput linkage 127,686 0.0183 0.0450 0.0000 0.6475
labor_pooling 128,166 0.1378 0.2769 -0.0463 1.0000
agriculture 127,686 0.0076 0.0336 0.0000 0.5881
petroleum 127,686 0.0013 0.0076 0.0000 0.6573
coal 127,686 0.0032 0.0067 0.0000 0.5531

4.5.2 The Baseline Results

The pooled OLS and fixed effect estimators are used to estimate the baseline model. In Table

4.9, Columns (1), (2) and (3) show the results of pooled OLS for the highway access variable,

at province, city and county levels respectively; Columns (4), (5) and (6) present the results

for fixed effect estimations. The variable of interest, highway access, obtains positive and

statistically significant estimated coefficients using pooled OLS and FE at all geographic
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levels. The coefficients are at the 1% significance level at province and city geographic levels

in FE estimation and at all geographic scopes in the pooled OLS. This indicates that highway

accessibility for industry pairs is positively associated with the level of coagglomeration for

manufacturing industries.

Table 4.9: Pooled OLS and FE results for coagglomeration

Pooled OLS FE

coagg coagg coagg coagg coagg coagg
(province) (city) (county) (province) (city) (county)

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

highway_access 0.0773*** 0.0120*** 0.0028*** 0.0501*** 0.0079*** 0.0018**
(0.0107) (0.0021) (0.0009) (0.0065) (0.0017) (0.0007)

knowledge_spillover 0.0006*** 0.0002*** 0.0001*** 0.0002*** 0.0000*** 0.0000***
(0.0001) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

input_output_link 0.0253*** 0.0046*** 0.0014*** 0.0065* 0.0006 -0.0001
(0.0051) (0.0012) (0.0005) (0.0036) (0.0009) (0.0005)

labour_pooling 0.0060*** 0.0013*** 0.0003*** 0.0020 0.0003 -0.0002
(0.0009) (0.0002) (0.0001) (0.0028) (0.0007) (0.0003)

agriculture 0.0661*** 0.0113*** 0.0030*** 0.0313*** 0.0074*** 0.0036***
(0.0058) (0.0008) (0.0003) (0.0071) (0.0011) (0.0004)

petroleum 0.0618*** 0.0117*** 0.0047*** 0.1104*** 0.0174*** 0.0063***
(0.0151) (0.0028) (0.0010) (0.0175) (0.0027) (0.0010)

coal 0.3285*** 0.0519*** 0.0159*** 0.1189*** 0.0170*** 0.0046***
(0.0679) (0.0104) (0.0033) (0.0205) (0.0027) (0.0012)

_cons -0.0064*** -0.0012*** -0.0004*** -0.0088*** -0.0015*** -0.0004***
(0.0005) (0.0001) (0.0000) (0.0009) (0.0002) (0.0001)

Year_FE Yes Yes Yes Yes Yes Yes
N 127686 127686 127686 127686 127686 127686
r2_a 0.033 0.038 0.020 0.006 0.003 0.001

Note: Columns (1)-(3) are results for pooled OLS estimator and Columns (4)-(6) are for the FE estimator.
Standard errors clustered at the industry pair level are displayed in parentheses. *,** and *** mean the
coefficient is significant at the 10%, 5% and 1% levels respectively.

With respect to the control variable from the pooled OLS results, the coefficients for three

Marshallianmechanisms (input-output linkages, labourmarket pooling and knowledge spillovers)

all have positive relationships with pairwise coagglomeration at three geographic levels. Re-

garding the FE estimator, the coefficients of knowledge spillovers are positive and significant

at the 1% level. This shows knowledge spillovers are positively associated with coagglomer-

ation. However, the coefficients for input-output linkages and labour pooling are overall not

significant, and only input-output linkages have a positive and statistically significant effect
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on coagglomeration at province level. The reason is highly likely to be that the construction

of these two variables is not precise. These two variables only have the data for three years

over the whole ten years. Moreover, the proxy for labour pooling uses US data to compensate

for the lack of Chinese data.

Additionally, three proxies for natural advantages (joint agriculture input share, joint pet-

roleum product input share and joint coal input share) also have positive and statistically

significant coefficients in both pooled OLS and FE estimations. This indicates that natural

advantages have positive relationships with pairwise coagglomeration.

4.5.3 Robustness Tests

Control for within-industry agglomeration

Table 4.10 presents results from both pooled OLS and fixed effects estimations, assessing

the impact of highway access on industrial coagglomeration in different administrative levels

(province, city, and county) while controlling for within-industry agglomeration. The findings

address key questions about whether coagglomeration of industries might occur purely by

chance or due to the inherent utility offered by current locations, as suggested by Helsley &

Strange (2014).

The results reveal that highway access remains a significant factor influencing industrial

coagglomeration even after controlling for within-industry agglomeration. Specifically, the

coefficient for highway access is positive and statistically significant across all models. In

the pooled OLS estimates, the coefficients are 0.0842 (province), 0.0136 (city), and 0.0035

(county), while in the FE models, they are 0.0491 (province), 0.0082 (city), and 0.0019

(county). These coefficients suggest that improved highway access increases coagglomer-

ation of industries at various administrative levels.
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Furthermore, Table 4.10 suggests that within-industry agglomeration can exhibit both posit-

ive and negative effects. Specifically, while it may contribute to increased coagglomeration, it

may also potentially inhibit the spatial expansion of other industries. Given the limited space

available within a region, excessive within-industry agglomeration could lead to a competit-

ive exclusion effect, wherein the saturation of one sector restricts the entry or expansion of

additional industries.

In summary, the findings affirm that highway access significantly impacts industrial coag-

glomeration, evenwhen controlling for the clustering tendencies of industries within the same

sector. This underscores the importance of transportation infrastructure in shaping the spatial

arrangement of industries, beyond the effects of within-industry agglomeration alone.

Table 4.10: Control for within-industry agglomeration

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

coagg(province) coagg(city) coagg(county) coagg(province) coagg(city) coagg(county)

highway_access 0.0842*** 0.0136*** 0.0035*** 0.0491*** 0.0082*** 0.0019***
(0.0101) (0.0020) (0.0008) (0.0068) (0.0016) (0.0007)

a_agg(province) 0.0048 -0.0093
(0.0064) (0.0068)

b_agg(province) -0.0208*** 0.0012
(0.0068) (0.0057)

a_agg(city) 0.0095*** 0.0026
(0.0031) (0.0031)

b_agg(city) -0.0163*** -0.0091***
(0.0025) (0.0030)

a_agg(county) 0.0066** 0.0016
(0.0026) (0.0025)

b_agg(county) -0.0153*** -0.0097***
(0.0027) (0.0028)

knowledge_spillover 0.0006*** 0.0002*** 0.0001*** 0.0002*** 0.0000*** 0.0000***
(0.0001) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

input_output_link 0.0246*** 0.0043*** 0.0013*** 0.0064* 0.0006 -0.0000
(0.0051) (0.0011) (0.0005) (0.0036) (0.0009) (0.0005)

labour_pooling 0.0060*** 0.0013*** 0.0003*** 0.0020 0.0002 -0.0002
(0.0009) (0.0002) (0.0001) (0.0028) (0.0007) (0.0003)

agriculture 0.0672*** 0.0113*** 0.0030*** 0.0315*** 0.0072*** 0.0034***
(0.0057) (0.0008) (0.0003) (0.0071) (0.0011) (0.0004)

petroleum 0.0609*** 0.0112*** 0.0044*** 0.1119*** 0.0173*** 0.0061***
(0.0147) (0.0027) (0.0010) (0.0176) (0.0027) (0.0010)

coal 0.3359*** 0.0522*** 0.0156*** 0.1206*** 0.0171*** 0.0043***
(0.0705) (0.0105) (0.0033) (0.0207) (0.0027) (0.0012)

_cons -0.0062*** -0.0012*** -0.0004*** -0.0082*** -0.0014*** -0.0004***
(0.0007) (0.0001) (0.0001) (0.0013) (0.0003) (0.0001)

Year_FE Yes Yes Yes Yes Yes Yes
N 127686 127686 127686 127686 127686 127686
r2_a 0.0350 0.0429 0.0251 0.006 0.003 0.001

Note: Columns (1)-(3) are results for pooled OLS estimator and Columns (4)-(6) are for the FE estimator. Standard errors
clustered at the industry pair level are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%,
5% and 1% levels respectively.
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Alternative measure for highway variable

The log(distancei × distance j) has been employed as an alternative measure to ensure the

robustness of the results. This variable represents the logarithmic form of the average dis-

tance between industries i and j, where a larger value indicates poorer access to highways.

Thus, the estimated coefficients for log(distancei × distance j) are expected to be negative.

Table 4.11 presents the results for log(distancei ×distance j) using both the pooled OLS and

fixed effects models, indicating that greater distances from highways are linked to reduced

coagglomeration. The coefficients are statistically significant at the city and county levels,

indicating that increased distance between firms is linked to a decrease in coagglomeration.

Table 4.11: Alternative measure of highway variable

Pooled OLS FE

coagg coagg coagg coagg coagg coagg
(province) (city) (county) (province) (city) (county)

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

logdist_ij -0.0005 -0.0001* -0.0001** -0.0002 -0.0001* -0.0001**
(0.0008) (0.0001) (0.0000) (0.0006) (0.0001) (0.0000)

knowledge_spillover 0.0008*** 0.0002*** 0.0001*** 0.0003*** 0.0001*** 0.0000***
(0.0001) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

input_output_link 0.0258*** 0.0047*** 0.0014*** 0.0068* 0.0006 -0.0001
(0.0053) (0.0012) (0.0005) (0.0037) (0.0009) (0.0005)

labour_pooling 0.0072*** 0.0015*** 0.0004*** 0.0007 0.0001 -0.0002
(0.0009) (0.0002) (0.0001) (0.0028) (0.0007) (0.0003)

agriculture 0.0478*** 0.0080*** 0.0019*** 0.0280*** 0.0069*** 0.0034***
(0.0056) (0.0007) (0.0003) (0.0068) (0.0010) (0.0004)

petroleum 0.0408*** 0.0081*** 0.0036*** 0.0811*** 0.0123*** 0.0048***
(0.0135) (0.0023) (0.0009) (0.0162) (0.0026) (0.0011)

coal 0.2414*** 0.0366*** 0.0112*** 0.0834*** 0.0109*** 0.0028**
(0.0539) (0.0077) (0.0025) (0.0202) (0.0027) (0.0013)

_cons -0.0014 -0.0009** -0.0006*** -0.0021 -0.0008*** -0.0005***
(0.0026) (0.0004) (0.0002) (0.0014) (0.0003) (0.0001)

Year_FE Yes Yes Yes Yes Yes Yes
N 127686 127686 127686 127686 127686 127686
r2_a 0.026 0.033 0.019 0.002 0.001 0.001

Note: Columns (1)-(3) are results for pooled OLS estimator and Columns (4)-(6) are for the FE estimator.
Standard errors clustered at the industry pair level are displayed in parentheses. *,** and *** mean the
coefficient is significant at the 10%, 5% and 1% levels respectively.
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4.6 Addressing Endogeneity
The highway network is not constructed randomly and is likely to be located where popula-

tion density is higher. Some factors correlated with the highway access Variable are omitted.

Additionally, with industrial agglomeration and highway networks it can be a case of re-

verse causality, as agglomeration may lead to the construction of highway routes. In order

to address the endogenous problem, this study uses three types of instrumental variables for

the highway access variable, including historical routes, least cost path minimum spanning

tree network and Euclidean Straight line minimum spanning tree networks. Time-variant IVs

are adopted to fit better for the highway independent variables and panel data analysis. For

example, the historical routes IVs for industry i and industry j are shown as:

historical accessibilityi j =
1√

distancei,historical routes ∗distance j,historical routes
, f or i ̸= j

(4.8)

4.6.1 IV Estimation Results

The estimation results for the FE-2SLS model using the historical routes instrument, the least

cost path spanning tree instrument, and the Euclidean spanning tree instrument are detailed

below. All three types of instrumental variables are time-variant.

Historical Roads IV

The FE-2SLS estimation results using historical routes instruments are presented in Table

4.12, including theMing routes instrument (Columns 1-3) andQing routes instrument (Columns

4-6). The combination of theMing routes and Qing routes instrument (Columns 1-3) is shown

in Table 4.13. The variable highway access is the research interest. The first stage of FE-2SLS

regresses highway access on historical routes IVs and controls. Highway access and three

types of historical routes IVs have a positive and statistically significant relationship. The

Kleibergen-Paap rk LM statistic and its p-value are reported, which indicates that it passes

the underidentification test. The Kleibergen-Paap rkWald F statistic is used to test weak iden-
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tification, and the results in Table 4.12 indicate that the weak instrument null hypothesis is

rejected. The value of the Kleibergen-Paap rk Wald F statistic is large, which indicates that

the IVs are highly correlated with highway access. The historical routes IVs are significantly

correlated with the highway access variable.

The second stage of FE-2SLS estimation results indicate that after using the Ming routes IV,

the estimated coefficients of highway access obtained are statistically insignificant at three

geographic levels. The results using the Qing routes IV obtain negative coefficients for high-

way access on coagglomeration at county level, while for coagglomeration at province and

city levels, the coefficients for highway access are positive and statistically insignificant. The

2SLS estimation shows that the effects of highway access on coagglomeration are insigni-

ficant at province and city levels and have negative effects at county-level coagglomeration.

Highways make the industry pairs spatially disperse at county level, possibly because high-

ways make it possible for firms to get inputs at an acceptable cost from nearby counties.

Regarding the performance of natural advantages on coagglomeration, the estimated coeffi-

cients of agriculture, petroleum and coal resources are statistically significant and positive

in general after using 2SLS. Natural advantages are proven to attract industry pairs to locate

together if they share the same natural resources. In terms of three Marshallian mechanisms,

the estimated coefficients of the proxy for knowledge spillovers on coagglomeration are pos-

itive and statistically significant. This indicates a higher level of knowledge spillovers leads

to a higher level of coagglomeration. The input-output linkages have positive impacts on co-

agglomeration at province level. However, the estimated coefficients of the proxy for labour

pooling are insignificant.
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Table 4.12: FE-2SLS results with historical routes IV

(1) (2) (3) (4) (5) (6)
province city county province city county

Ming road IV Qing road IV

Panel A: Second stage of FE-2SLS
Dependent variables: EG coagglomeration index at different geographic levels

highway access 0.0096 0.0007 -0.0014 -0.0067 0.0015 -0.0052*
(0.019) (0.004) (0.001) (0.035) (0.008) (0.003)

knowledge_spillover 0.0003*** 0.0001*** 0.0000*** 0.0003*** 0.0001** 0.0000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

input_output_link 0.0067* 0.0006 -0.0001 0.0068* 0.0006 -0.0000
(0.004) (0.001) (0.000) (0.004) (0.001) (0.000)

labour_pooling 0.0010 0.0001 -0.0002 0.0005 0.0001 -0.0003
(0.003) (0.001) (0.000) (0.003) (0.001) (0.000)

agriculture 0.0286*** 0.0069*** 0.0033*** 0.0275*** 0.0070*** 0.0031***
(0.007) (0.001) (0.000) (0.007) (0.001) (0.000)

petroleum 0.0862*** 0.0131*** 0.0044*** 0.0765*** 0.0136** 0.0022
(0.020) (0.004) (0.001) (0.026) (0.006) (0.002)

coal 0.0897*** 0.0119*** 0.0022 0.0780** 0.0124* -0.0005
(0.024) (0.004) (0.002) (0.032) (0.007) (0.003)

Year_FE Yes Yes Yes Yes Yes Yes
Observations 127,686 127,686 127,686 127,686 127,686 127,686
Number of pairs 12,880 12,880 12,880 12,880 12,880 12,880

Panel B: First stage of FE-2SLS
Endogenous variable: highway access

for (1)-(3) for (4)-(6)
Ming road access 1.6544***

(0.0295)
Qing road access 1.9179***

(0.0718)
knowledge_spillover 0.0023*** 0.0023***

(0.0001) (0.0001)
input_output_link 0.0085* 0.0072

(0.0044) (0.0046)
labour_pooling -0.0291*** -0.0282***

(0.0038) (0.0040)
agriculture -0.0701*** -0.0669***

(0.0093) (0.0101)
petroleum -0.5405*** -0.5936***

(0.0502) (0.0533)
coal -0.6690*** -0.7255***

(0.0453) (0.0484)
_cons 0.0871*** 0.1065***

(0.0010) (0.0009)
Year_FE Yes Yes
N 127686 127686
r2_a 0.838 0.823

Underidentification test 964.4 476.4
p-value 0.0000 0.0000
Weak identification test 3143 714.1

Note: This table shows fixed effect 2SLS results with Ming routes IV, Qing routes IV and the com-
bination of Ming routes and Qing routes IV constructed by 10km highway corridor. Year Fixed effects
are included in the 2SLS estimations. The results for IV constructed by 5 and 20km highway corridors
are consistent with that of the 10km highway corridor. Standard errors clustered at the industry pair
level are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and
1% levels respectively. Underidentification test shows Kleibergen-Paap rk LM statistic and its p-value;
Kleibergen-Paap rk Wald F statistic is presented as the weak identification test. The equation is exactly
identified - one IV is used for one endogenous variable.
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Table 4.13: FE-2SLS results with Ming and Qing combination routes IV

(1) (2) (3)
province city county

Ming&Qing road IV

Panel A: Second stage of FE-2SLS
Dependent variables: EG coagglomeration index at different geographic levels

highway access 0.0077 0.0003 -0.0018
(0.019) (0.004) (0.001)

knowledge_spillover 0.0003*** 0.0001*** 0.0000***
(0.000) (0.000) (0.000)

input_output_link 0.0067* 0.0006 -0.0001
(0.004) (0.001) (0.000)

labour_pooling 0.0009 0.0001 -0.0003
(0.003) (0.001) (0.000)

agriculture 0.0285*** 0.0069*** 0.0033***
(0.007) (0.001) (0.000)

petroleum 0.0851*** 0.0128*** 0.0042***
(0.020) (0.004) (0.001)

coal 0.0883*** 0.0115*** 0.0020
(0.024) (0.004) (0.002)

Year_FE Yes Yes Yes
Observations 127,686 127,686 127,686
Number of pairs 12,880 12,880 12,880

Panel B: First stage of FE-2SLS
Endogenous variable: highway access

for (1)-(3)
combine access 1.5139***

(0.0287)
knowledge_spillover 0.0023***

(0.0001)
input_output_link 0.0091**

(0.0045)
labour_pooling -0.0297***

(0.0038)
agriculture -0.0706***

(0.0094)
petroleum -0.5473***

(0.0512)
coal -0.6827***

(0.0463)
_cons 0.0885***

(0.0010)
Year_FE Yes
N 127686
r2_a 0.837

Underidentification test 969.9
p-value 0.0000
Weak identification test 2782

Note: This table shows fixed effect 2SLS results with the combination ofMing
routes and Qing routes IV constructed by a 10km highway corridor. Year Fixed
effects are included in the 2SLS estimations. The results for IV constructed by
5 and 20km highway corridors are consistent with that of the 10km highway
corridor. Standard errors clustered at the industry pair level are displayed in
parentheses. *,** and *** mean the coefficient is significant at the 10%, 5%
and 1% levels respectively. The underidentification test shows Kleibergen-
Paap rk LM statistic and its p-value; Kleibergen-Paap rk Wald F statistic is
presented as the Weak identification test. The equation is exactly identified -
one IV is used for one endogenous variable.
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LCP IV

Table 4.14 displays the FE-2SLS regression results with LCP-MST constructed by the NTHS

target nodes in Columns (1)-(3), and NEN target nodes in Columns (4)-(6). The number of

NEN target nodes is about three times larger than NTHS target nodes. More nodes in the

LCP-MST IVmay cause the IV not to be exogenous. The higher adjusted R-squares and weak

identification test values for IV constructed by NEN target nodes indicate that it is a stronger

IV that captures the highway access variable better than the LCP-MST IV constructed using

NTHS nodes and historical IVs.

With respect to the regression results in Table 4.14, the estimated coefficients of highway

access are positive and statistically significant on coagglomerationmeasured at province level

after using LCP-MST IVs constructed with the NTHS target nodes (Column 1) and NEN

target nodes (Column 4). Nevertheless, for coagglomeration measured at county levels, the

coefficients of highway access are negative and insignificant with LCP IVs.

Lower transport costs may cause a lower level of coagglomeration at the county level. Firms

locate where they benefit fromwithin-industry agglomeration and are able to get intermediate

inputs from other industries in other regions with a low transport cost. Intra-industry external

economies are larger than inter-industry external economies (Henderson, 2003; Helsley and

Strange, 2014). Particularly for the county level, a large value of the coagglomeration index

means both two industries have large sizes in one county (two within-industry agglomeration

industries in one county). However, as a county is smaller and with fewer resources than a

city and province, and the benefits from within-industry agglomeration may be larger than

coagglomeration, and thus firms choose to satisfy agglomeration first in a county. Conversely,

at the city and province levels, lower transport costs can result in a higher coagglomeration

value. This is because lower transport costs reduce the economic barriers to co-locating with

other industries, allowing firms to benefit from broader coagglomeration externalities.

The performance of control variables is consistent with that using historical IVs. Natural

advantages have positive and significant effects on coagglomeration. Knowledge spillovers

are important factors that facilitate coagglomeration measured at all geographic levels.

138



4. The Effects of Highway Access on Coagglomeration Addressing Endogeneity

Table 4.14: FE-2SLS results with LCP IV

(1) (2) (3) (4) (5) (6)
province city county province city county

Panel A: Second stage of FE-2SLS
Dependent variables: EG coagglomeration index at different geographic levels
highway access 0.0326* 0.0076 -0.0023 0.0390*** 0.0054** -0.0010

(0.017) (0.005) (0.002) (0.009) (0.002) (0.001)
knowledge_spillover 0.0002*** 0.0000** 0.0000*** 0.0002*** 0.0000*** 0.0000***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
input_output_link 0.0066* 0.0006 -0.0001 0.0065* 0.0006 -0.0001

(0.004) (0.001) (0.000) (0.004) (0.001) (0.000)
labour_pooling 0.0016 0.0003 -0.0003 0.0017 0.0002 -0.0002

(0.003) (0.001) (0.000) (0.003) (0.001) (0.000)
agriculture 0.0301*** 0.0074*** 0.0033*** 0.0306*** 0.0072*** 0.0034***

(0.007) (0.001) (0.000) (0.007) (0.001) (0.000)
petroleum 0.0999*** 0.0172*** 0.0039*** 0.1037*** 0.0159*** 0.0047***

(0.020) (0.004) (0.001) (0.018) (0.003) (0.001)
coal 0.1063*** 0.0168*** 0.0016 0.1109*** 0.0152*** 0.0026*

(0.024) (0.004) (0.002) (0.021) (0.003) (0.001)
Year_FE Yes Yes Yes Yes Yes Yes
Observations 127,686 127,686 127,686 127,686 127,686 127,686
Number of pairs 12,880 12,880 12,880 12,880 12,880 12,880

Panel B: First stage of FE-2SLS
Endogenous variable: highway access

for (1)-(3) for (4)-(6)
LCP with NTHS nodes 1.3648***

(0.0306)
LCP with NEN nodes 1.5666***

(0.0163)
knowledge_spillover 0.0021*** 0.0013***

(0.0001) (0.0000)
input_output_link 0.0078* -0.0019

(0.0045) (0.0033)
labour_pooling -0.0283*** -0.0133***

(0.0038) (0.0028)
agriculture -0.0698*** -0.0586***

(0.0103) (0.0068)
petroleum -0.5466*** -0.3161***

(0.0478) (0.0301)
coal -0.6623*** -0.4140***

(0.0432) (0.0291)
_cons 0.0837*** 0.0365***

(0.0012) (0.0011)
Year_FE Yes Yes
N 127686 127686
r2_a 0.848 0.905

Underidentification test 2155 3536
p-value 0.00 0.00
Weak identification test 1990 9267
Note: This table shows fixed effect 2SLS results with LCP-MST IV constructed and the NTHS target
nodes and NEN target nodes. Year Fixed effects are included in the 2SLS estimations. The results for IV
constructed by 10km highway corridor are displayed. IVs constructed by 5 and 20km highway corridors
generate consistent estimation results with that of the 10km highway corridor. Standard errors clustered
at the industry pair level are displayed in parentheses. *,** and *** mean the coefficient is significant
at the 10%, 5% and 1% levels respectively. The underidentification test shows Kleibergen-Paap rk LM
statistic and its p-value; Kleibergen-Paap rk Wald F statistic is presented as the weak identification test.
The equation is exactly identified-one IV is used for one endogenous variable.
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Straight-line IV

The FE-2SLS results with Euclidean-MST constructed with the NTHS target nodes and NEN

target nodes are shown in Table 4.15. The weak identification test (Kleibergen-Paap rk Wald

F statistic) indicates that Euclidean-MST IVs constructed with NTHS and NEN target nodes

are highly correlated to highway access, and the correlation is stronger when using more

target nodes. The results show that historical, LCP and Euclidean IVs are all very strong in

predicting highway access.

Concerning the effects of highway access on coagglomeration, the estimated results using

LCP and Euclidean IVs are consistent, which indicates that highway access significantly

increases the level of coagglomeration measured at province and city levels while the effects

at county level are insignificant. The estimated results of controls are also consistent with

those using the other two types of IVs.

4.7 Heterogeneity across Industries

4.7.1 Bilateral Input-output adjusted Highway Access

Table 4.16 presents the results of the fixed effects two-stage least squares (FE-2SLS) estim-

ation of the effect of Input-Output adjusted Highway Access on industrial coagglomeration

across different administrative levels (province, city, and county). The primary variable of

interest, bilateral IOHA, consistently shows a positive and statistically significant impact on

industrial coagglomeration.

The coefficient of bilateral IOHA ranges from 0.0003 to 0.0024 across different specifica-

tions, with all estimates being highly significant at the 1% level. For example, in column

(1), the coefficient of bilateral IOHA is 0.0022, indicating that a one-unit increase in the

IOHAmetric leads to an increase of 0.0022 units in industrial coagglomeration at the provin-

cial level. The robustness of these results is confirmed across different instrumental variables

(IVs). Specifically, the table includes results using four different IVs: LCP114nodes, Straight

line 114nodes, Ming and Qing routes, and LCP time-invariant. The estimated coefficients for
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Table 4.15: FE-2SLS results with Euclidean IV

(1) (2) (3) (4) (5) (6)
province city county province city county

Panel A: Second stage of FE-2SLS
Dependent variables: EG coagglomeration index at different geographic levels
highway access 0.0312* 0.0089* -0.0024 0.0245** 0.0045** -0.0006

(0.017) (0.005) (0.002) (0.010) (0.002) (0.001)
knowledge_spillover 0.0002*** 0.0000** 0.0000*** 0.0002*** 0.0000*** 0.0000***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
input_output_link 0.0066* 0.0006 -0.0001 0.0066* 0.0006 -0.0001

(0.004) (0.001) (0.000) (0.004) (0.001) (0.000)
labour_pooling 0.0015 0.0003 -0.0003 0.0014 0.0002 -0.0002

(0.003) (0.001) (0.000) (0.003) (0.001) (0.000)
agriculture 0.0300*** 0.0075*** 0.0033*** 0.0296*** 0.0072*** 0.0034***

(0.007) (0.001) (0.000) (0.007) (0.001) (0.000)
petroleum 0.0991*** 0.0180*** 0.0039*** 0.0951*** 0.0154*** 0.0049***

(0.020) (0.004) (0.001) (0.018) (0.003) (0.001)
coal 0.1052*** 0.0177*** 0.0016 0.1004*** 0.0146*** 0.0028*

(0.024) (0.004) (0.002) (0.021) (0.003) (0.001)
Year_FE Yes Yes Yes Yes Yes Yes
Observations 127,686 127,686 127,686 127,686 127,686 127,686
Number of pairs 12,880 12,880 12,880 12,880 12,880 12,880

Panel B: First stage of FE-2SLS
Endogenous variable: highway access

for (1)-(3) for (4)-(6)
Euclidean IV with NTHS nodes 1.5403***

(0.0337)
Euclidean IV with NEN nodes 1.4821***

(0.0150)
knowledge_spillover 0.0020*** 0.0016***

(0.0001) (0.0000)
input_output_link 0.0071 0.0046

(0.0045) (0.0038)
labour_pooling -0.0258*** -0.0150***

(0.0039) (0.0033)
agriculture -0.0664*** -0.0568***

(0.0100) (0.0079)
petroleum -0.5457*** -0.4157***

(0.0488) (0.0382)
coal -0.6689*** -0.5367***

(0.0443) (0.0366)
_cons 0.0835*** 0.0486***

(0.0011) (0.0010)
Year_FE Yes Yes
N 127686 127686
r2_a 0.846 0.887

Underidentification test 2329 3071
p-value 0.000 0.000
Weak identification test 2088 9804
Note: This table shows fixed effect 2SLS results with Euclidean-MST IV constructed by NTHS target nodes and
NEN target nodes. Year Fixed effects are included in the 2SLS estimations. The results for IV constructed by
the 10km highway corridor are displayed. IVs constructed by 5 and 20km highway corridors generate consistent
estimation results with that of the 10km highway corridor. Standard errors clustered at the industry pair level are
displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.
The underidentification test shows the Kleibergen-Paap rk LM statistic and its p-value; Kleibergen-Paap rk Wald
F statistic is presented as the weak identification test. The equation is exactly identified-one IV is used for one
endogenous variable.
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bilateral IOHA remain consistent in sign and significance across all IV specifications, rein-

forcing the reliability of the findings. The underidentification and weak identification tests

for each IV provide strong evidence for the validity of the instruments, and substantial values

for the weak identification tests, ensuring that the results are not driven by weak instruments.

The results presented in the table appear to contradict the initial hypothesis that substantial

decreases in transport costs, due to improved highway access, would lead to lower coag-

glomeration levels among industries that transport large volumes of goods between them.

According to the hypothesis, a reduction in transport expenses should diminish the economic

incentive for these industries to cluster geographically, as the cost savings from improved

highways would allow these industries to disperse more freely.

However, the findings indicate a positive relationship between bilateral IOHA and indus-

trial coagglomeration across all administrative levels, contrary to what was anticipated. The

coefficients for bilateral IOHA are positive and significant, suggesting that improvements in

highway access are associated with increased coagglomeration rather than a decrease. This

result implies that rather than reducing the need for industries to cluster, better highway ac-

cess may enhance their clustering tendencies.

One possible explanation for this unexpected result could be that improved highway access

not only reduces transport costs but also increases the benefits of being close to other related

industries. Enhanced connectivity might facilitate not only the movement of goods but also

the sharing of resources, knowledge, and collabourative opportunities among co-located in-

dustries. Consequently, the reduction in transport costs may make clustering more attractive,

as the benefits of proximity outweigh the cost savings from improved transport infrastructure.

In summary, the analysis reveals that improved highway access appears to reinforce, rather

than diminish, industrial coagglomeration. This finding suggests that the economic advant-

ages of clustering might be augmented by better transportation infrastructure, challenging

the initial hypothesis that improved highway access would lead to reduced coagglomeration

among industries with significant transport interactions.
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Table 4.16: Bilateral highway access

(1) (2) (3)
EG_coag(province) EG_coag(city) EG_coag(county)

IV: LCP114nodes
IOHA_bilat 0.0022*** 0.0007*** 0.0003***

(0.0005) (0.0001) (0.0001)
Controls Yes Yes Yes
Year FE Yes Yes Yes
N 120,435 120,435 120,435
N_g 12,090 12,090 12,090
Underidentification test 52.92 52.92 52.92
p-value 0 0 0
Weak identification test 451.8 451.8 451.8

IV: Straight line 114nodes
IOHA_bilat 0.0023*** 0.0007*** 0.0003***

(0.0006) (0.0001) (0.0001)
Underidentification test 54.64 54.64 54.64
p-value 0 0 0
Weak identification test 396.4 396.4 396.4

IV: Ming and Qing routes
IOHA_bilat 0.0022*** 0.0008*** 0.0003***

(0.0005) (0.0002) (0.0001)
Underidentification test 50.85 50.85 50.85
p-value 0 0 0
Weak identification test 357.1 357.1 357.1

IV: LCP time-invariant
IOHA_bilat 0.0024*** 0.0008*** 0.0003***

(0.0006) (0.0002) (0.0001)
Underidentification test 54.37 54.37 54.37
p-value 0 0 0
Weak identification test 373.4 373.4 373.4

Note: Standard errors clustered at the industry pair level are displayed in parentheses. *,** and ***
mean the coefficient is significant at the 10%, 5% and 1% levels respectively.

4.7.2 Related Industries and Coagglomeration

Industries within the same sector are likely to co-locate to enhance their bargaining power,

benefit from knowledge spillovers, and access a shared labour pool. Dai et al. (2021) indicate

that firms occupying different positions within the value chain, but utilising shared inputs,

tend to be co-located in China. The research on clusters by Ruan & Zhang (2009) also in-
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dicates the co-location of industries that produce the different stages of final products in a

cashmere sweater cluster in Puyuan, China. This research displays the highest pairwise co-

agglomeration for 3-digit industry, and finds that industries within the same 2-digit sectors

are more likely to coagglomerate.

Industries within the same sectors are more likely to be similar industries and use similar

inputs. Similar industries may produce substitute products, such as convenience food manu-

facturing and canning (both in the food manufacturing sector). It is highly possible for them

to buy the same inputs and thus coagglomerate. Thus this study constructs a dummy variable

that captures whether 3-digit industry pairs are in the same sector, that is, if their first 2-digit

codes are the same, the dummy called ‘same sector’ is one, otherwise, it is zero. Due to this

dummy being time-invariant, 2SLS is used to estimate the coefficients.

The effects of highway access on the coagglomeration of industry pairs whether related or not

are expected to be different. To investigate the effects of highway access on the coagglomera-

tion of pairs within or outside the same two-digit industry sector, the interaction of ‘highway

access’ and ‘same sector’ is employed. The 2SLS estimator is employed with the instrument

LCP IV, constructed using NEN nodes, to mitigate the endogeneity problem associated with

the explanatory variable, highway access. Table 4.17 shows the second stage of 2SLS es-

timation. The coefficients of ‘same sector’ are positive and significant at 1% levels at three

geographic levels. This means that industries within the same sector coagglomerate more

than other industry pairs. The coefficients of the interaction term (highway*same_sector) are

all positive and statistically significant at three geographic levels. This means that for related

industries, the effects of highway access on their coagglomeration are larger.
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Table 4.17: Related industries, highway access and coagglomeration

(1) (2) (3)
coagglomeration coagglomeration coagglomeration

VARIABLES province city county

highway_access 0.0660*** 0.0083*** 0.0009
(0.011) (0.002) (0.001)

highway*same_sector 0.1461*** 0.0456*** 0.0215***
(0.040) (0.010) (0.004)

same_sector 0.0067*** 0.0017*** 0.0006***
(0.001) (0.000) (0.000)

knowledge_spillover 0.0006*** 0.0002*** 0.0001***
(0.000) (0.000) (0.000)

input_ouput 0.0276*** 0.0040** 0.0008
(0.008) (0.002) (0.001)

labour_pooling 0.0037*** 0.0007*** 0.0001*
(0.001) (0.000) (0.000)

agriculture 0.0674*** 0.0117*** 0.0032***
(0.006) (0.001) (0.000)

petroleum 0.0647*** 0.0125*** 0.0050***
(0.016) (0.003) (0.001)

coal 0.3228*** 0.0502*** 0.0152***
(0.067) (0.010) (0.003)

cons -0.0143*** -0.0024*** -0.0007***
(0.002) (0.000) (0.000)

Observations 127,686 127,686 127,686
R-squared 0.038 0.050 0.030
Underidentification test 243.7 243.8 243.9
p-value 0.000 0.000 0.000
Weak identification test 4106 4106 4106

Note: The second stage of 2SLS is presented in this table. The instrument for
highway access is the LCP-MST IV constructed with NEN target nodes. Standard
errors clustered at the industry pair level are displayed in parentheses. *,** and
*** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.

4.7.3 State-Owned Enterprises and Coagglomeration

Lu & Tao (2009) prove that local protectionism (measured by the share of SOEs) hinders

within-industry agglomeration. For coagglomeration, this study investigates whether the ef-

fects of highways are influenced when industry pairs are comprised of SOEs. This research

constructs a dummy variable named ‘SOE industry’. For two industries that form an industry

145



4. The Effects of Highway Access on Coagglomeration Heterogeneity across Industries

pair, ‘SOE industry’ equals one if either one of them has an above average share of state-

owned enterprises; ‘SOE industry’ equals zero, if neither of them has a share of SOEs higher

than the average share. This study regresses the level of coagglomeration on the interaction

term of highway access and ‘SOE share’ to investigate heterogeneity.

Table 4.18: FE-2SLS results for SOE industries

(1) (2) (3)
coagglomeration coagglomeration coagglomeration

VARIABLES province city county

highway_access 0.0699*** 0.0080*** -0.0003
(0.008) (0.002) (0.001)

highway*SOE -0.0604*** -0.0053*** -0.0015*
(0.007) (0.002) (0.001)

SOE 0.0003 0.0001** 0.0001***
(0.000) (0.000) (0.000)

knowledge_spillover 0.0001 0.0000*** 0.0000***
(0.000) (0.000) (0.000)

input_ouput -0.0158* -0.0035 -0.0022**
(0.008) (0.003) (0.001)

labour_pooling 0.0024 0.0003 -0.0002
(0.003) (0.001) (0.000)

agriculture 0.0367*** 0.0078*** 0.0036***
(0.007) (0.001) (0.000)

petroleum 0.1314*** 0.0184*** 0.0052***
(0.018) (0.003) (0.001)

coal 0.1409*** 0.0179*** 0.0033***
(0.021) (0.003) (0.001)

Observations 127,686 127,686 127,686
R-squared 0.013 0.005 0.002
Underidentification test 2454 2454 2454
p-value 0.000 0.000 0.000
Weak identification test 5067 5067 5067

Note: The second stage results of FE-2SLS are presented in this table. The instrument for highway
access is the LCP-MST IV constructed with NEN target nodes. Standard errors clustered at the
industry pair level are displayed in parentheses. *,** and *** mean the coefficient is significant
at the 10%, 5% and 1% levels respectively.

In Table 4.18, the coefficients of the interaction between SOE and highway access are negat-

ive at the 1% significance level at province and city levels, and at the 10% significance level

at the county level. When ’SOE industry’ equals one, the effects of highway access on co-

agglomeration at province, city at county levels are 0.0095 (i.e. 0.0699-0.0604), 0.0027, and
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-0.0018 respectively. The reasons for the much smaller effects of highways on coagglomer-

ation for industries with a high share of SOEs are probably that most SOEs are established

before highways are constructed, and hence their locations are not affected by highways. In

the dataset, the average age of SOEs over the sample period is 18 years, compared to an av-

erage age of 11 years for non-SOEs. Additionally, firms that are not state-owned enterprises

tend to co-locate due to the influence of highways and are more likely to move away from

locations where SOEs are situated.

4.8 Conclusion
This chapter has investigated the effects of highway access on the level of pairwise coag-

glomeration. The level of coagglomeration is measured by the EG pairwise coagglomeration

index at three geographic levels (county, city and province). The research focus, highway

access of a pair of industries, captures how far the industry pair are from highways. High-

way GIS routes are used to generate the weighted distance from firms to highway networks

to form the highway access variable. The weights are the share of employment of firms in

the industry. The baseline results generated by the fixed effects model indicate that highway

access has a positive relationship with pairwise coagglomeration at all geographic levels.

In order to examine whether there is a causal effect, this study adopts three types of time-

variant instruments to address the endogenous problem for the highway access variable, in-

cluding the historical routes IV, LCP-MST IV and Euclidean-MST IV. The historical routes

IV consist of Ming dynasty routes, Qing Dynasty routes and their combination. LCP-MST

IV and Euclidean-MST IV are formed by two categories of target nodes (nodes in NTHS and

NEN plans) to align with the development of highways. The empirical results indicate that

highway access has positive effects on coagglomeration at province and city levels, while

their relationship is insignificant at the county level.
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The control variables include natural advantages and three Marshallian mechanisms. Re-

garding natural advantages, agriculture, petroleum and coal resources positively affect coag-

glomeration. The proxies for Marshallian externalities have different performances on coag-

glomeration. The estimated coefficients of knowledge spillovers are positive and statistically

significant on pairwise coagglomeration. The proxy for input-output linkages positively af-

fects coagglomeration at the province level, while the results for the proxy for labour market

pooling are insignificant.

This study exploits the heterogeneous features for the effects of highways on coagglomera-

tion, which consist of bilateral input-output adjusted Highway Access, industry pairs that are

related, and industries comprised of a larger amount of SOEs. The impact of bilateral IOHA

on industrial coagglomeration is positive and statistically significant. For industry pairs that

are related and in the same classification categories, their levels of coagglomeration rely more

on highway access. Regarding industries with a larger share of SOEs, the effect of highway

access on coagglomeration is smaller.

This study highlights several policy implications concerning industrial coagglomeration. Co-

agglomeration fosters idea sharing, labour pooling, and input sharing, thereby enhancing pro-

ductivity. The findings indicate that highway access significantly promotes coagglomeration

at both provincial and city levels. For developing countries aiming to boost industrial pro-

ductivity through coagglomeration, investing in transportation infrastructure, such as high-

way networks, appears to be a viable strategy. Governments should consider supporting the

expansion of highway networks and extending routes to less developed regions to facilitate

regional industrial growth.

However, it is crucial to consider that the study period (1998 to 2007) reflects a time when

China’s highway infrastructure was still in its developmental stages, and issues related to

overbuilding were less evident. During this period, the observed positive effects of highway

expansion were aligned with growing demand and substantial economic contributions. As

highway networks approach saturation, the marginal benefits of additional infrastructure may

diminish, potentially leading to a point where further expansionmay not justify the associated

costs.
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Second, natural advantages, such as agricultural products andmining resources, have a strong

power that facilitates industrial coagglomeration. This study calls for policies that adapt to

local conditions for the development of industries, especially the use of sustainable resources

and keeping industries successful over the long term. Third, different features of industries

change the effects of highways on coagglomeration. For instance, for industries with a larger

number of SOEs, highway access has a smaller effect on coagglomeration, while for indus-

tries that are related, the effect of highway access on coagglomeration is larger. This implies

that local governments can identify the different features of the industries in their adminis-

trative regions and provide policies that work best for them.
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4.9 Appendices for Chapter 4

Appendix 4.A FE-2SLS Second Stage Results
Table 4.A-1: FE-2SLS results for groups with different input-output linkages
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(1) (2) (3) (4) (5) (6) (7) (8) (9)
province province province city city city city city city

VARIABLES EG_coag2 EG_coag2 EG_coag2 EG_coag4 EG_coag4 EG_coag4 EG_coag6 EG_coag6 EG_coag6

highway_access 0.0707*** 0.0369** -0.0257 0.0230*** 0.0103** -0.0183*** 0.0033 -0.0031* -0.0067*
(0.025) (0.015) (0.024) (0.007) (0.005) (0.006) (0.003) (0.002) (0.004)

knowledge_spillover 0.0001 0.0002*** -0.0000 0.0000* 0.0000 -0.0000 0.0000*** 0.0000* 0.0000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

input_output_link -0.0127*** 0.0522** -0.4153 -0.0025*** 0.0121** 0.1630 -0.0013*** 0.0004 -0.0360
(0.002) (0.024) (0.483) (0.001) (0.006) (0.103) (0.000) (0.003) (0.065)

labour_pooling -0.0039* 0.0082** -0.0304** 0.0002 0.0015 0.0008 -0.0000 -0.0003 -0.0002
(0.002) (0.004) (0.012) (0.001) (0.001) (0.003) (0.000) (0.001) (0.002)

agriculture 0.0575*** 0.0851*** -0.0082 0.0100*** 0.0181*** 0.0039*** 0.0030*** 0.0047*** 0.0030***
(0.007) (0.009) (0.006) (0.001) (0.002) (0.001) (0.001) (0.001) (0.001)

petroleum 0.1253*** 0.0405* 0.3296*** 0.0333*** 0.0120** 0.0483*** 0.0090*** -0.0003 0.0149***
(0.023) (0.021) (0.066) (0.005) (0.005) (0.011) (0.002) (0.002) (0.005)

coal 0.1072*** 0.0757*** 0.1762*** 0.0298*** 0.0190*** 0.0120** 0.0061*** 0.0024 -0.0019
(0.028) (0.020) (0.032) (0.005) (0.004) (0.005) (0.002) (0.002) (0.004)

Year_FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 31,978 63,821 31,887 31,978 63,821 31,887 31,978 63,821 31,887
Number of industry pairs 4,697 9,177 5,042 4,697 9,177 5,042 4,697 9,177 5,042
Underidentification test 1421 3516 1201 1421 3516 1201 1421 3516 1201
Underidentification p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 1342 3409 1511 1342 3409 1511 1342 3409 1511

Note: The second stage of FE-2SLS estimation results are reported. The LCP-MST IVs constructed with NTHS target nodes are used for highway
access. The clustered standard errors are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels
respectively.
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Table 4.A-2: 2SLS results for industry pairs in the same sector with upstream-downstream ties 4
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Dependent variables: EG coagglomeration index at different geographic levels
province province province city city city county county county

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Both upstream Both downstream upstream&downstream Both upstream Both downstream upstream&downstream Both upstream Both downstream upstream&downstream

highway_access 0.0952*** 0.2908*** 0.4589*** 0.0225*** 0.1033*** 0.1230*** 0.0091*** 0.0529*** 0.0486***
(0.026) (0.043) (0.058) (0.007) (0.011) (0.015) (0.003) (0.005) (0.006)

knowledge_spillover 0.0015*** -0.0002 0.0015* 0.0004*** 0.0002*** 0.0001 0.0003*** 0.0001*** 0.0001
(0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

input_output_link 0.0047 -0.0449*** -0.0097 0.0016 -0.0032* 0.0028 0.0004 -0.0009 0.0018
(0.005) (0.008) (0.014) (0.001) (0.002) (0.004) (0.000) (0.001) (0.002)

labour_pooling -0.0112*** 0.0138** 0.0033 -0.0059*** -0.0011 -0.0035* -0.0020*** -0.0003 -0.0002
(0.004) (0.006) (0.005) (0.001) (0.002) (0.002) (0.001) (0.001) (0.001)

agriculture 0.0113 0.0302*** 0.1161*** 0.0102*** 0.0149*** 0.0275*** 0.0052*** 0.0063*** 0.0104***
(0.010) (0.011) (0.015) (0.002) (0.002) (0.003) (0.001) (0.001) (0.001)

petroleum 0.0308*** -3.1697 0.1799 0.0031** -1.5349*** -0.3917* 0.0024*** -0.5232** 0.0008
(0.006) (2.071) (0.746) (0.001) (0.579) (0.221) (0.001) (0.228) (0.067)

coal 0.0533* 0.1313 0.3732** 0.0107** 0.4513*** 0.2352*** 0.0042** 0.1622*** 0.0784***
(0.028) (0.522) (0.153) (0.005) (0.150) (0.042) (0.002) (0.052) (0.014)

Constant 0.0045 -0.0272*** -0.0606*** 0.0030** -0.0101*** -0.0112*** -0.0003 -0.0068*** -0.0068***
(0.005) (0.010) (0.010) (0.001) (0.003) (0.003) (0.001) (0.001) (0.001)

Year_FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2,152 1,373 774 2,152 1,373 774 2,152 1,373 774
R-squared 0.046 0.047 0.175 0.069 0.144 0.209 0.093 0.182 0.185
Underidentification test 467.8 309.5 212 467.8 309.5 212 467.8 309.5 212
Underidentification p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 1068 1282 1028 1068 1282 1028 1068 1282 1028

Note: The second stage of 2SLS estimation results are reported. The LCP-MST IVs constructed with NTHS target nodes are used for highway access. The clustered standard errors are displayed in parentheses. *,**
and *** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.
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Chapter 5

The Effects of Highway Access on Firm
Productivity

5.1 Introduction
Economic growth in China over the last two decades has experienced a sharp increase, evid-

enced by the surge in firm productivity. The increase in firm productivity can be partly at-

tributed to the upgrades of transport infrastructure. China has carried out massive highway

construction since the 1990s, connecting up cities with large populations. This infrastructural

revolution has boosted Chinese firms’ productivity by cutting transportation time and costs,

making it easier to transfer goods and people. Transport infrastructure has been investigated

and there is evidence of an increase in regional output (Ozbay et al. 2007, Jiwattanakulpais-

arn et al. 2012, Na et al. 2013, Yu et al. 2013, Tong et al. 2013, Faber 2014, Baum-Snow et al.

2017), and firms’ labour productivity and TFP (Martín-Barroso et al. 2015, Holl 2016, Wan

& Zhang 2018, Gibbons et al. 2019).

The upgrading of highways is especially beneficial for the productivity of manufacturing

firms. Holl (2016) finds that highways positively and directly affect Spanish manufacturing

firms’ productivity. Efficient transportation facilitates the seamless movement of products

between different regions. If there is a highly efficient transportation system where goods are

seamlessly transported to their downstream manufacturing firms, the improved efficiency

will significantly increase firm productivity.
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However, in addition to the fact that highways affect productivity, it is crucial to understand

how, and that question motivates this chapter. It identifies four potential channels: within-

industry agglomeration, coagglomeration, export and innovation. The direct effect of high-

ways on firm-level productivity can result from higher transportation efficiency of products.

Upgrading transportation infrastructure can also increase firm productivity through several

mechanisms. Agglomeration is an important channel as it may benefit firm productivity

through input sharing, knowledge spillovers and labour market pooling. The improvement in

transport infrastructure can facilitate agglomeration, thereby increasing firm-level productiv-

ity.

Additionally, industrial concentration and coagglomeration are both worth separately invest-

igating as channels. These two concepts are different but when investigating the channel of

agglomeration previous literature uses ambiguous proxies, mostly using density (Holl 2016,

Wan & Zhang 2018). On the other hand, other mechanisms have not yet been examined.

Highways can also affect export and knowledge spillovers, which in turn improve firm-level

productivity. This chapter aims to analyse these novel channels to deeply investigate how

highways affect firm-level productivity.

This chapter’s contributions can be summarised in three aspects. First, it sheds light on the

effects of highway access on Chinese firms’ productivity and how it influences productivity.

The mechanisms are within-industry agglomeration, cross-industry agglomeration, export,

and innovation. These mechanisms reveal the underlying effects of highways on firm pro-

ductivity and are new channels that have not been explored by the existing literature. Though

Holl (2016), Wan & Zhang (2018) investigate the channel of agglomeration. However, their

agglomeration measure is the local density or regional share of sales, which are aggregate

measures and do not identify the difference between intra-industry and inter-industry ag-

glomeration. This chapter provides new perspectives by using firm-level agglomeration and

separately investigates intra-industry and inter-industry agglomeration, which mitigates the

criticism of omitted variable bias.
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Second, micro-level datasets are used for variable construction, which reveals new informa-

tion about the variable, such as firm-level agglomeration. Firm-level agglomeration uses the

location information for each firm. Additionally, GIS highway data that depict the explicit

highway locations are used to capture the distance from each firm to the highway network.

The NBS firm-level data and customs data are used to examine the different mechanisms and

heterogeneous characteristics to make the results more convincing. These firm-level vari-

ables capture the factors that are omitted when using aggregate variables. Third, this chapter

investigates the causal effect of highway access. To mitigate the potential endogeneity issue,

this chapter utilizes time-variant instrumental variables for highway access, fixed-effects spe-

cifications, and accounts for factors such as firms’ characteristics, region, industry, and year

fixed effects.

This chapter finds that highway access positively affects firm-level TFP with a 1% change in

highway access related to a 0.048% increase in TFP using the LP-ACF method. Four chan-

nels, including within-industry agglomeration, coagglomeration, export and innovation are

proven to be valid. With IV estimation, the 1% increase in highway access is associated with

a 0.268 to 0.462% change in within-industry agglomeration, and a 0.4% to 1.0% change in

coagglomeration of different radii from 5km to 50km. The positive effects are robust after

adopting new entrants as the independent variable, dropping the targeted cities in the sample,

and using employment to construct the firm-level agglomeration indexes. Regarding the ex-

port channel, the IV estimation results indicate that highways stimulate exports and in turn

increase firm productivity with the learning-by-exporting effects in China. The results are

consistent using transport time to port through the highway network. The innovation channel

is less significant. The result is significant using the new product ratio as the proxy, especially

for firms with higher labour productivity and those under foreign ownership. However, the

results are insignificant when using patents to capture innovation.

The structure of the chapter is as follows. Section 2 reviews both theoretical and empir-

ical literature on productivity and transport infrastructure. Section 3 provides a description

of the data, the key variable and the model specification. The empirical results with instru-

mental variables are presented in Section 4. Sections 5, 6, 7 and 8 investigate the mechanisms

of within-industry agglomeration, coagglomeration, export and innovation, respectively. Fi-

nally, the conclusion and limitations of this study are discussed in Section 9.
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5.2 Literature Review

5.2.1 Theories of Productivity

Productivity Conceptualized

De Loecker & Syverson (2021) explain the conceptualizations of productivity in three related

ways. All productivity metrics measure the amount of output produced from a given set of

inputs. The first conceptualization of productivity is a Hicks-neural (also called factor-neural)

shifter of the production function. Regarding a general form of production function Q =

θF(·). Q denotes output; F(·) is a function of observable inputs. θ is productivity. A higher

θ means the production function isoquant shifts down and left, i.e., fewer inputs are required

to produce the same amount of output.

The second interpretation of productivity is from the empirical aspect, i.e., productivity is a

ratio of output with respect to inputs (De Loecker & Syverson 2021). This is related to the

above conceptualization of the production function shifter, θ = Q/F(·). If there is a com-

bination of the observable inputs, productivity is called total factor productivity (also called

multi-factor productivity). Additionally, when output is divided by single inputs such as la-

bour or capital, these single-factor productivity measures are named labour productivity or

capital productivity. The third conceptualization of productivity is a producer’s cost curve

shifter. A higher level of productivity makes production costs shift down.

Review of Micro TFP Estimation Methods

This section introduces different micro-level TFP estimation methods, including the OP, LP,

ACF and theWooldridge estimation with GMM setup. The OPmethod (Olley & Pakes 1992)

can diminish the problem of simultaneity bias and selectivity and attrition bias with the proxy

variable of investment. Instead of using investment as the proxy variable, the LP method

(Levinsohn& Petrin 2003) uses intermediate inputs to estimate productivity. The Ackerberg–

Caves–Frazer (ACF) correction is used to correct the first step in the OP or LP method. In

the OP or the LP methods, the labour variable needs to be independent of the proxy variable;
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otherwise, the coefficient of labour cannot be identified in the first stage of those methods.

Ackerberg et al. (2015) change the timing of labour input choices and avoid that problem.

TheWooldridge estimation (Wooldridge 2009) uses the systemGMMmethod with IV of lags

to obtain the LP estimator and avoid the problem pointed out by Ackerberg et al. (2006).

To overcome simultaneity bias, Olley & Pakes (1992) propose a semi-parametric estimator.

Their approach assumes that firms make investment decisions based on current productivity

conditions, using current investment as a proxy for unobservable productivity shocks. The

capital accumulation equation implies that investment and capital decisions are made at dif-

ferent times, and that these decisions are orthogonal to labour inputs, which are decided con-

temporaneously. If a firm anticipates higher future productivity, it increases its investment.

The relationship between investment and productivity is used to generate proxies for unob-

served productivity. This method builds on earlier work by Marschak & Andrews (1944

OP method. The OP method is designed to address simultaneity bias, selectivity, and attri-

tion bias in estimating micro-level Total Factor Productivity (TFP). In a typical application 

using the Cobb-Douglas production function, the error term includes the logarithm of TFP.

Simple linear regression methods to estimate TFP often suffer from simultaneity bias. This 

occurs because managers adjust inputs instantaneously based on current efficiency, leading 

to correlations between the error term (representing TFP) and regressors. For instance, labour 

inputs might be adjusted based on perceived productivity, resulting in an overestimation of 

labour’s elasticity and an underestimation of capital’s elasticity.

).

Moreover, Olley & Pakes (1992) also address selection bias, which arises when firms exit or

do not survive, resulting in missing data. They use a survival probability model to estimate

firm entry and exit, correcting for the potential bias due to non-random sample selection.
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LP method. Instead of using investment as a proxy variable, Levinsohn & Petrin (2003) use

intermediate inputs to estimate productivity. The OP method assumes a positive relationship

between investment and productivity, but this is not always true. Given that intermediate in-

puts often have less missing data compared to investment, Levinsohn & Petrin (2003) replace

investment with intermediate inputs in their production equation. This approach addresses

data limitations and provides a more robust estimation when investment data is missing or

unreliable.

The ACF correction. Ackerberg et al. (2006) critique both the OP and LP methods, high-

lighting issues with collinearity from the first stage of the estimation process. Both meth-

ods assume firms can make instantaneous adjustments to inputs in response to productivity

shocks. They point out that labour demand needs to be independent of the productivity term

to estimate coefficients accurately. To address this, the Ackerberg–Caves–Frazer correction

method modifies the timing of input decisions, assuming labour is chosen before productiv-

ity is observed, while capital is decided at an earlier time. This adjustment leads to a more

accurate specification of the production function, whether using intermediate inputs as in the

LP method or investment as in the OP method.

The Wooldridge estimation. The Generalized Method of Moments (GMM), as proposed by

Blundell & Bond (1998), provides a solution to simultaneity problems by incorporating in-

strumental variables. Wooldridge (2009) recommends using GMM instead of the two-step

procedures used in OP and LP methods. GMM resolves identification issues noted by Ack-

erberg et al. (2015) in the first stages of OP and LP methods. Compared to these methods,

GMM offers robust standard errors that account for serial correlation and heteroskedasticity,

thanks to cross-equation correlation and optimal weighting matrices.

In the Wooldridge estimation framework, the production function includes output, free vari-

ables (typically labour and intermediate inputs), and state variables (typically capital). The

model strengthens the assumption from OP and LP methods by including lagged values of

explanatory variables, allowing for serial dependence in the error term and improving the

identification of parameters. By using the GMM framework, Wooldridge’s method effect-

ively estimates parameters and resolves the issues related to labour input correlations with

proxy and state variables that complicate parameter identification in earlier methods.
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5.2.2 Theories about Transport Costs and Productivity

This section explores the theories about transport costs and productivity. Venables (2007)

builds a model indicating that reduced transport costs can increase agglomeration, and in

turn increase productivity through the mechanism of agglomeration. However, the focus of

Venables (2007) is on the relationship between urban transport improvement within cities.

Redding & Turner (2015) provide a review of transport costs and economic activities. Nev-

ertheless, they do not provide the theoretical framework that reveals the relationship between

transport cost and productivity. They find higher productivity and reduced transport costs

both play a role in increasing wages, city population and welfare.

Commuting Cost and Productivity

Venables (2007) develops a model examining the connection between productivity and urban

transport improvements, focusing specifically on commuting costs for urban workers. Their

model builds upon the urban economics framework established by Alonso (1964), as re-

viewed by Fujita & Thisse (2002). The central premise is that productivity tends to be higher

in cities compared to rural areas due to the trade-off workers face between housing size and

access to employment in city centers. Jobs are concentrated in central business districts, and

Venables (2007) investigates how commuting costs impact urban workers traveling to their

jobs.

In the model, productivity at a given location is influenced by the number of jobs and their

proximity. Essentially, productivity increases when there are more jobs nearby and these jobs

are closer to the location under consideration.

A critical equilibrium condition in the model determines city size by balancing the costs

and benefits associated with urban living. This condition ensures that workers are indifferent

between living in a city of a certain population or in the countryside. Commuting costs, along

with other factors such as wages and taxes, are factored into this equilibrium. Specifically,

the model shows that as commuting costs decrease, city size (population) tends to increase.
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The relationship between commuting costs and city size is also linked to productivity. The

model indicates that transportation improvements directly affect commuting costs, and this

has implications for urban agglomeration and productivity. Reduced commuting expenses

can lead to increased city size, which in turn enhances productivity through greater agglom-

eration benefits. Essentially, lower transportation costs facilitate more concentrated urban

development, which boosts productivity as more workers cluster in cities, benefiting from

agglomeration externalities.

The Roles of Transport Costs and Productivity in Economic Activities

Redding & Turner (2015) provide a comprehensive review of both theoretical and empirical

research on the relationship between transport costs and economic activities. Their theoretical

framework explores how reductions in transportation costs influence the spatial distribution

of land rent, wages, population, and trade across multiple regions. While their analysis does

not directly examine the relationship between productivity and transportation costs, they find

that increased productivity and lower transportation costs are associated with higher wages,

larger city populations, and improved welfare.

In their model, they illustrate that wages increase in response to higher firm productivity and

better market access. Specifically, as transportation costs decrease, firms benefit from ex-

panded market access, which in turn boosts their wages. Improved intra-city transport infra-

structure enhances commuting capabilities, increases the effective labour supply, and further

augments market access. This increased market access, coupled with greater productivity,

contributes to higher wages.

Moreover, Redding & Turner (2015) find that rising productivity, reduced transport costs,

and advancements in commuting technology can lead to higher land prices and population

growth. They also conclude that lower transportation and commuting costs positively impact

welfare by boosting labour supply and, consequently, overall welfare.
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Through the Mechanism of Agglomeration and Trade

The empirical research of Holl (2016) and Faber (2014) uses agglomeration as themechanism

for the effects of transport infrastructure. Holl (2016) indicates that transport infrastructure

can attract firms and economic activities and hence increase local density (agglomeration)

supported by empirical evidence that transport infrastructure attracts firms and increases local

employment (Holl 2004, Duranton & Turner 2012). Holl (2016) then refers to agglomera-

tion theory by (Marshall 1890) to explain the benefits of agglomeration on firm productivity

through input sharing, knowledge spillovers and labour market pooling. The improvement

in transport infrastructure facilitates the transportation of goods and the movement of labour

and information, and thereby increases firm-level productivity.

Faber (2014) uses trade integration (related to the concept of agglomeration) as the mech-

anism for the effect of highways. They cite the core-periphery model by Krugman (1991) to

support the view that transport costs can increase trade integration, and increase spatial con-

centration in the core region. Thus, output growth is affected by the trade integration process

and leads to uneven developments between core and peripheral regions.

Regarding the mechanism of trade, the gravity model can be used to reflect the effects of

transport costs on trade. The basic idea is that lower transport costs lead to more trade flow

between two regions. With respect to the relationship between trade and productivity, Martín-

Barroso et al. (2015) estimate the effects of accessibility to labour and commodities (related

to transport costs) on firm-level productivity. They use firms’ international trade activities

(exports and imports) as the control variables for productivity.

In summary, though there are no theories that thoroughly explore the relationship between

transport costs and productivity, transport costs can affect productivity through agglomeration

and trade mechanism, mainly supported by the theories by Krugman (1991) and Marshall

(1890).
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5.2.3 Empirical Research on Infrastructure and Productivity

Effects of Transport Infrastructure on Productivity

More research has investigated the effects of transport infrastructure on productivity using

transport infrastructure data and micro-level data. Holl (2016) investigates the influence of

highways on firm-level TFP. Gibbons et al. (2019) estimate the effect of the new road network

in the UK on productivity. Baum-Snow et al. (2017) focus on the effects of railways and

highways on Chinese cities’ population. Using the GIS transport database Atack et al. (2010)

research the relationship between railways and economic development in the US. Wan &

Zhang (2018) investigate the effect of infrastructure on productivity in China, and find that

both direct and indirect effects of infrastructure through agglomeration on productivity are

positive and significant.

The macro literature uses geographic levels such as country level, state level and province

level, and the transport infrastructure is usually measured by stock, density or the investment

in transport infrastructure in these geographic levels. Their results for the output elasticity

of transport infrastructure vary widely. This study investigates productivity on a micro-level,

which will be different from the macro studies and the literature review mainly focuses on

micro studies about transport infrastructure and productivity.

de Vor & de Groot (2010) investigate the relationship between employment growth of in-

dustries, agglomeration externalities and industrial sites’ accessibility (highways and ports).

They measure the distance from industrial sites to highway exits as highway access. They

find that industrial sites near highways and ports grow fast.

Holl (2012) investigates the impact of market potential, as determined by transport costs,

on firm-level total factor productivity (TFP). Using data from Spanish manufacturing firms

between 1991 and 2005, and after filtering out multi-plant firms and those that changed loc-

ation or industry, the study includes a final sample of 2,470 firms. Holl (2012) first estimates

the firm-level TFP and then examines how market potential influences this TFP.
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The market potential is calculated by incorporating transport costs, which takes into account

the size of the market in other cities adjusted by the distance from each firm. Specifically, the

market potential for a region is the sum of its own market size and the market sizes of other

cities, weighted by their distance. The distances are based on the shortest travel time along

the main road network in Spain, and the data includes the opening times of new highways.

To address the endogeneity of market potential—stemming from both population size and

transport infrastructure—Holl (2012) uses instruments. They employ historical population

data from 1900, adjusted by geodesic distance, and use 1760 postal routes in Spain as in-

struments for highways. Their findings indicate that a higher market potential significantly

enhances firm-level TFP.

In a follow-up study, Holl (2016) examines the effect of highway access on firm-level TFP us-

ing annual financial data from Spanish and Portuguese firms from 1997 to 2007. This analysis

focuses on single-plant firms that did not change locations. The distance from firms to their

nearest highways is calculated using the Spanish road network data. The study demonstrates

that improved highway access positively affects firm-level TFP, supporting the importance

of transport infrastructure in enhancing productivity.

The instruments are historical routes: 1760 Spanish postal routes and Roman roads. Holl

(2016) uses the time-varying historical routes following Hornung (2015) by using the his-

torical routes that fall within a 10km buffer along highways. The control variables include

industry fixed effects, year fixed effects, region fixed effects, firm characteristics, geographic

characteristics, historical population and historical population growth. The results indicate

that improved highway access positively affects firm-level TFP.

Holl (2016) then examines the mechanism, local density, through which highways affect

productivity. Since agglomeration has positive effects on productivity and improved high-

way access is expected to increase agglomeration, Holl controls for the agglomeration effect

to examine the direct effect of highways on firm-level productivity. Holl uses local density

as the mechanism and due to it having an endogeneity issue, two instruments are adopted.
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The first instrument for local density is the 1900 market potential calculated as the sum of the

population of each municipality and population of other municipalities weighted by distance.

The second instrument for local density is underground water, which determines human set-

tlements.

The results of Holl (2016) show that even after controlling for agglomeration effects, the ef-

fect of highways on productivity is significant. However, the impact of the highway variable

reduced slightly after controlling for local density, which implies that the highway variable

in the earlier estimations has picked up a small proportion of the agglomeration effect. How-

ever, after adding the firm fixed effect, Holl finds that the effect of highways on productivity

is beyond the effect of local density, which means highways improve productivity directly

without the local density mechanism.

Holl (2016) also investigates firm relocation and finds that firms are attracted by highways

and relocate into the vicinity of highways. In general, firms with larger size, older age and

higher productivity are more like to relocate near highways but they find heterogeneity in the

types of firms that are attracted to highways in city and rural areas.

Gibbons et al. (2019) investigate the impact of new roads on both employment and firm-

level labour productivity. Their study encompasses two main analyses: an aggregate em-

ployment analysis and a micro-level analysis. For the aggregate analysis, they use data from

approximately 10,300 electoral wards across the UK. For the micro-level analysis, they util-

ize establishment-level employment data from the UK Secure Data Service, covering the

period from 1997 to 2008. Labour productivity is measured through per-worker values such

as turnover, output, value added, and labour costs. The road network data used includes major

roads from 1998 to 2007, specifically trunk and principal roads as well as highways.

To address endogeneity issues, Gibbons et al. (2019) focus on changes in road accessibility

in regions near road project sites. They construct an accessibility index which is based on

the inverse journey times along the roads from one region to others, adjusted by regional

characteristics from a base period. This index essentially measures market access in line with

trade theory. The study finds that improvements in road accessibility can significantly affect

both employment and labour productivity at the firm level.
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Gibbons et al. (2019) estimate the effects of road access improvements on ward employ-

ment and number of firms. They find that improved roads increase aggregate employment.

For firm-level estimation of road access improvements on firm-level employment, they find

that the effects of new roads are close to zero and statistically insignificant. They explain

that improved roads do not affect employment in existing firms, but increase local employ-

ment through new entries and their associated employment, i.e., accessibility attracts new

firms that benefit most from new roads and yield new local employment. They then regress

accessibility improvements on labour productivity, and find that accessibility improvement

positively affects labour productivity.

Graham (2007) examines the relationship between transport investment, agglomeration and

productivity. Graham measures agglomeration of each ward in the UK with ward-level em-

ployment data. The agglomeration measure equation is similar to the approach to measuring

market access in the trade literature, as Graham incorporates distance between ward pairs to

the measure equation. Graham assumes that transport investment will change the agglomer-

ation value as investment will affect the relative proximity of economic activity available to

each ward. Graham then builds a model to include agglomeration effects in the production

function. Graham estimates the translog production function by regressing firms’ outputs on

the ward-level agglomeration measure using firm-level data with accounting information and

locations for UK companies from 1995 to 2002. The results show that the agglomeration ef-

fect is important and can be large, particularly for the service sector. Regarding the effects

of transport cost on agglomeration economies, Graham (2007) use the previous analysis by

the UK Department for Transport as evidence. The UK Department for Transport finds that

a London rail scheme investment positively increases agglomeration benefits.

Martín-Barroso et al. (2015) examine how accessibility to workers and commodities affects

firm-level productivity in Spain. Their study uses firm-level data from Spain spanning from

1999 to 2009. They focus on both types of accessibility because they consider them crucial

factors influencing production costs. Accessibility to workers pertains to the labour supply,

acknowledging that labour markets are segmented and worker mobility is restricted by spatial

boundaries. In their analysis, accessibility to workers is quantified by measuring how easily

a firm can attract potential employees from its region and surrounding areas, taking into

account the characteristics of both the firm and the regions involved.
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Additionally, Martín-Barroso et al. (2015) assess accessibility to commodities, which is de-

termined by the easewithwhich firms can obtain the necessary goods. Thismeasure considers

factors such as the quantity of goods available and the similarity between the firm’s needs

and the commodities produced in other regions.

The impedance functions used for measuring accessibility to workers and commodities are

derived from commuting and shipping data, respectively. Commuting data is categorized

into various time intervals, ranging from less than 10 minutes to more than 90 minutes, using

information from Google Maps for urban and intercity road networks. For commodities, the

data on shipping distances are divided into several ranges.

Their baseline estimation function explores the relationship between accessibility and pro-

ductivity, with firm-level TFP serving as the dependent variable. The results indicate that

accessibility positively impacts firm TFP. However, accessibility to workers is found to be

less influential compared to accessibility to commodities. This lower impact of labour match-

ing is attributed to the production of medium-low technological goods being more prevalent

in Spain.

Research in China

Baum-Snow et al. (2017) examine the effects of railways and highways in China on the

population of cities. They use data about lights at night to identify the central business districts

in China, as light at night and GDP growth are correlated. They use GIS data for highways,

railways and ring roads in China and city-level economic activity data for 1990 and 2010.

They regress the change in population, employment or output on transport infrastructure.

They find that the activity of the service sector is decentralized by radial highways, industrial

activity is decentralized by radial trains, and both are decentralized by ring roads.
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Faber (2014) investigates the impact of highway construction in China on the economic

activities of peripheral counties. The study utilizes county-level economic data sourced from

the 1990 Chinese census dataset, as well as the 1990, 1997, and 2006 Provincial Statistical

Yearbooks. Highway GIS data covering the period from 1998 to 2007 is obtained from the

ACASIAN database. The focus of the study is on how the National Trunk Highway System,

which aims to connect major cities, also links numerous smaller peripheral areas between

these major cities.

To estimate the effects, Faber (2014) compares the economic outcomes of counties connec-

ted by highways between 1992 and 2003 with those that are not. They do this by analyzing

changes in economic outcomes from 1997 to 2006 for counties that were connected to high-

ways within a 10km corridor of the NTHS by 2003. The study employs a regression model to

evaluate the impact of highway connectivity on county-level economic changes, incorporat-

ing fixed effects for provinces and control variables to account for other factors influencing

economic outcomes.

The results reveal that counties connected by highways experience significant changes in

economic activity compared to non-connected counties, highlighting the substantial influ-

ence of infrastructure improvements on regional economic development. Two instruments

are constructed including the least cost path spanning tree network and Euclidean spanning

tree network. The major difference between the two instruments is that the former uses land

cover and elevation information to capture the least cost between target cities, and the latter

uses straight lines to connect target cities. They find that the non-targeted peripheral counties

experience a reduction in GDP growth after connecting to highways.

Faber (2014) further investigates mechanisms including the trade integration channel and

local decentralization channel. The inter-regional trade-based channel emphasizes that a re-

duction in inter-regional trade costs between targeted metropolitan regions and non-targeted

peripheral regions decreases output growth in peripheral regions. This is supported by the

core-periphery model of Krugman (1991), that is, under the increasing return to scale, re-

duced transport cost increases agglomeration in the core region. Due to the home market

effect, the development of core and peripheral regions is determined by ex-ante asymmetric

market size, and spatial concentration will appear in a larger market.
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The other channel is local decentralization in the connected peripheral regions, i.e., the con-

nection to highways induces decentralization from highway-connected peripheral counties to

non-connected peripheral counties near them. This is supported by Baum-Snow et al. (2017),

who find that metropolises in China have experienced industrial decentralization over recent

decades, with population growth at a higher rate than their urban peripheries but production

growth in metropolises is at a lower rate. Faber (2014) tests these two channels and the results

support the inter-regional trade channel, i.e., reduced transport cost makes the core and peri-

pheral regions more asymmetric, with agglomeration appearing in large cities and a lower

output growth rate happening in highway-connected peripheral counties.

Wan & Zhang (2018) investigate the effect of infrastructure on Chinese firms’ productivity

through direct and indirect ways over the period 2002-2007. They examine the agglomeration

channelmeasured by the provincial share of sales. They use themethod of Levinsohn&Petrin

(2003) to estimate TFP. Their research uses data from Chinese province statistical yearbooks

to construct an infrastructure consisting of roads, telecommunication servers, and cables.

Their findings suggest that telecommunication and roads contribute to agglomeration. They

also find that the indirect effect of infrastructure on productivity through agglomeration is

small and most infrastructure effects are raised from the direct effect.

5.3 Data and Methodology

5.3.1 Data of Baseline Model

The main micro-level dataset used in this chapter is the Annual Survey of Industrial Firms,

which is collected by the NBS based on the annual survey and reports submitted by firms. The

firm-level data in the manufacturing industries from 1998 to 2007 is employed in this chapter.

Additionally, this research adopts the industry concordances list by Brandt et al. (2012) to

make the industry code consistent over the sample period. The region code in China changes

over the period 1998-2007 and thus, this study also matches the region code over the sample

period.
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This chapter follows the method of Brandt et al. (2012) to match the firms in the ASIF from

1998 to 2007. Firm IDs are the major source of matching. Additionally, firm name, name

of the legal person, phone, industry code, region code, beginning year, and main products

are used to match firms over time. After the step of matching firms, an unbalanced panel is

formed.

The GIS highway routes are obtained from ACASIAN Dataset. The annual GIS highway

routes from 1998-2007 and the coordinates of firms are used in this chapter to calculate the

distance from firms to the nearest highways. The coordinates of firms are generated using the

address information in the ASIF dataset with Gaode application programming interface.

TFP measures

This chapter uses different methods to construct the TFP, including the OLS, FE, OP, OP-

ACF, LP, LP-ACF, and Wooldridge estimation. This study uses the following model to es-

timate input coefficients:

lnVit = β0 +βklnKit +βllnLit + εit (5.1)

where lnVit is the logarithm of the value added of firm i at time t. Compared with the total

output, the value added does not take the intermediate inputs into account, which reflects the

production efficiency of firms. lnKit and lnLit are the logarithms of the capital and labour

inputs respectively. The employment is used to construct the labour inputs. The real capital

stock is used to construct capital inputs following Brandt et al. (2012). These variables are

all deflated to obtain the real values.

In the OP method, investment is used as the proxy for productivity observed by firms but not

by econometrics. This research constructs the investment as It =Kt −Kt−1∗(1−depreciation rate),

where the depreciation rate is 9%. The OP method assumes that productivity monotonically

increases with productivity but many firms have zero investment, and there is a lot of miss-

ing data on investment in the dataset, which means the productivity of these firms cannot

be identified. The LP method uses intermediate inputs as the proxy variable, with which the

productivity of more firms can be estimated.
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After the coefficients of capital and labour inputs are estimated (β̂k and β̂l), the logarithm of

TFP is calculated as follows:

lnT FPit = lnVit − β̂klnKit − β̂llnLit (5.2)

5.3.2 Model Specification

The baseline model

The baseline model to investigate the effects of the distance to highways on TFP is as follows:

lnT FPit = α +β1lnhighway accessit +β2Xit +δ j + γr +σt + εit (5.3)

where lnT FPit is the logarithm of TFP of firm i at time t. lnhighway accessit is the negative

logarithm of the distance from a firm to the nearest highway. The control variables Xit include

firm-specific characteristics, including the age of firms, the state-ownership dummy and firm

size. The industry-fixed effect δ j, region-fixed effect γr and year fixed effect σt are also

included.

Mechanism Analysis Models

This study explores the mechanism of within-industry agglomeration, coagglomeration for

industry pairs, trade and innovation, through which highway improvement can affect firm

productivity. A summary of the mechanism analysis methods is in the Appendix. The inter-

action term is usually used in the heterogeneity analysis rather than the channel analysis. For

the mechanism analysis method, mediation analysis should not be adopted since it is hard to

address the endogeneity problem of the mediator and explanatory variable.

Mediation analysis has been criticized because of the endogeneity problem. The prerequisite

for testing the mediation effect is that it is easy to identify the causal relationship between

the dependent variable, mechanisms and independent variable. However, in addition to the

causal relationship between X and Y, finding the causal relationship between the mediation

effect and the dependent variable is difficult. This is why mediation analysis has been rarely
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seen in the empirical research literature in economics. Even without considering the endo-

geneity bias in testing the mediation effect, most studies that conduct such tests often find

that a significant portion is a direct effect, that is the coefficient of X does not change much

or becomes insignificant after adding a mechanism in the regression. This is determined by

the complexity of socioeconomic phenomena, and it is something that could be expected in

the first place. It would be better to introduce several mechanisms, which have theoretic-

ally straightforward causal relationships with Y. These mechanisms logically affect Y, to the

extent that it is unnecessary to use formal causal inference methods.

Thus this study focuses on regressing mechanisms on X to explore the effect of X on M.

Additionally, for the direct and indirect effects the mechanism is added to the baseline model

as a supportive method. The mechanism analysis method is

Yit = α0 +β1highway accessit + τ1Controlsit +δi + γr +σt + εit (5.4)

Mit = σ0 +β2highway accessit + τ2Controlsit +δi +σt + εit (5.5)

Equation 5.4 is the baseline equation. Equation 5.5 regresses mechanisms on X. This method

has been used widely, for instance, Levchenko et al. (2009) investigate the impact of finan-

cial liberalization (X) on economic growth (Y) through the mechanisms of greater entry (in-

creased number of establishments), more employment, capital accumulation and TFP growth.

They first regress economic growth (Y) on the financial liberalization dummy variable (X).

They then regress these channels (M) on the financial liberalization dummy variable (X), by

replacing the dependent variable of output growth and keeping the same controls.

Regarding the within-industry agglomeration and coagglomeration channels in this study,

we regress these two channels on X. Additionally, we also add the mechanism to the baseline

model to compare the changes in the coefficient of highway variable as a supportive method.

Yit = α0 +β3highway accessit +β4Mit + τ3Controlsit +δi + γr +σt + εit (5.6)
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5.4 Summary Statistics and Baseline Results

5.4.1 Summary Statistics of Key Variables

Since the estimators of different industries vary with different characteristics, the coefficients

are estimated by industries with a 2-digit classification. Table 5.1 illustrates the correlation

between TFP generated by different methods. Most methods obtain highly correlated pro-

ductivity with the majority around 0.8. The productivity generated by OP and OP-ACF is

less correlated with that of other methods, which is because there are fewer observations of

these two methods (using investment as the proxy variable) than with other methods.

Table 5.1: The correlation between TFP estimated with different methods

OLS FE op opacf lp lpacf WRDG
OLS 1
FE 0.9795 1
op 0.6411 0.5611 1
opacf 0.8712 0.8344 0.6656 1
lp 0.8735 0.9156 0.4704 0.7602 1
lpacf 0.8466 0.8309 0.494 0.8611 0.8045 1
WRDG 0.8803 0.9292 0.4689 0.7864 0.9916 0.8034 1

Note: OPACF (or LPACP) means the OP method (or LP method) with ACF correc-
tion. WRDG means the Wooldridge estimation, which obtains the LP estimators with
the system GMM framework.

The summary statistics of TFP estimated byOLS, FE,OP,OP-ACF, LP, LP-ACF, andWooldridge

estimation are shown in Table 5.2. The TFPs generated by OP and OP-ACF have much fewer

observations due to the missing or negative investment data. The results of the LP and the

Wooldridge GMM estimation are similar with higher productivity.

Table 5.2: The summary statistics of TFP estimated by different methods

Variable Obs Mean Std. dev. Min Max

OLS 1,913,103 3.7292 1.0957 -8.4757 11.5499
FE 1,913,103 4.8790 1.1145 -6.5227 12.9953
op 465,534 1.2363 1.5735 -10.2183 8.9006
opacf 465,534 3.4241 1.1711 -6.3720 9.4526
lp 1,913,103 5.6733 1.2164 -6.3269 13.7359
lpacf 1,913,103 3.9842 1.2551 -8.8530 12.2402
WRDG 1,913,103 5.8329 1.2057 -5.7265 13.8841

Note: OPACF (or LPACP) means the OP method (or LP method) with
ACF correction. WRDG means the Wooldridge estimation, which obtains
the LP estimators with the system GMM framework.
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Table 5.3: The estimated coefficient of capital and labour inputs

OLS FE op opacf lp lpacf WRDG
Beta_lnK 0.2857 0.1837 0.6296 0.3622 0.2767 0.2862 0.2684
Beta_lnL 0.5206 0.4629 0.4334 0.4598 0.1301 0.4666 0.1105
N 1,913,103 1,913,103 465,534 465,534 1,913,103 1,913,103 1,913,103

Note: βK is the estimated coefficient of ln(capital).βL is the coefficient of ln(labour). N is the number of ob-
servations. OPACF (or LPACP) means the OP method (or LP method) with ACF correction. WRDG means
the Wooldridge estimation, which obtains the LP estimators with the system GMM framework.

Figure 5.1: The kernel density estimations of TFP

Note: The kernel density estimations of TFP by different methods. OPACF (or LPACP) means the OP method
(or LP method) with ACF correction. WRDG means the Wooldridge estimation, which obtains the LP
estimators with the system GMM framework.

The correlation matrix of all variables in the baseline model is shown in Table 5.4. Besides

the TFP generated by the LP and LPACF methods, there are no variables correlated. More

information can be obtained from Table 5.3. The simultaneity bias means that firm managers

can observe some information about productivity and adjust inputs. In this case, the error

term is correlated to the input variables. If the manager observes higher productivity and

uses more labour inputs, then the estimated labour inputs are overestimated. In Table 5.3,
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the coefficients of capital inputs of OP-ACF, LP, LP-ACF and the Wooldridge estimation

methods are lower than those of OLS and FE. The estimated coefficients of capital with the

LP and Wooldridge estimation methods are similar and smaller than other methods, which

explains why the TFPs generated by these two methods are higher than others. Additionally,

the kernel density estimations of TFP generated by different methods are shown in Figure 5.1.

The distributions of the Wooldridge estimation and LP are very similar and have the highest

means compared with other methods.

Table 5.4: Correlation coefficients of all variables

lp lpacf ln(highway_access) age state size

lp 1
lpacf 0.7963 1
ln(highway_access) 0.1200 0.0785 1
age -0.0401 -0.1516 -0.0394 1
state -0.1890 -0.2654 -0.0889 0.3298 1
size 0.2287 -0.0018 0.0268 0.1441 0.1483 1

Table 5.5 provides the summary statistics of variables used in the baseline model. The control

variables include the age of firms, the state-ownership dummy and the size of firms.

Table 5.5: Summary statistics of key variables

Variable Obs Mean Std. dev. Min Max

lp 1,911,661 5.6690 1.1614 2.1449 8.4561
lpacf 1,911,661 4.0113 1.1853 0.4557 6.9509
ln(highway_access) 1,911,720 -1.7851 1.4647 -5.1677 2.3595
age 1,834,686 1.8709 0.9604 0 3.8712
state 1,909,721 0.1291 0.3353 0 1
size 1,911,720 8.2894 1.6499 4.1287 12.6446

5.4.2 The Baseline Results

The OLS estimation results for the baseline model are shown in Table 5.6, where Columns

(1) to (7) with the dependent variable ln(TFP) calculated by OLS, FE, OP, OP-ACF, LP, LP-

ACF, and theWooldridge GMMestimation. The estimated coefficients of ln(highway access)

are all positive. This indicates that ln(TFP) and ln(highway access) are positively associated,

which means that firms close to highways are related to higher firm TFP.
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Table 5.6: OLS results

OLS estimation,dependent variable: ln(TFP)

OLS FE OP OPACF LP LPACF WRDG
(1) (2) (3) (4) (5) (6) (7)

ln(highway_access) 0.0251*** 0.0251*** 0.0193*** 0.0200*** 0.0260*** 0.0234*** 0.0256***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

age -0.0659*** -0.0597*** -0.0378*** -0.0499*** -0.0087*** -0.0544*** -0.0055***
(0.001) (0.001) (0.002) (0.002) (0.001) (0.001) (0.001)

state -0.6029*** -0.5928*** -0.5258*** -0.4885*** -0.5890*** -0.5961*** -0.5789***
(0.003) (0.003) (0.006) (0.005) (0.003) (0.003) (0.003)

size 0.0267*** 0.1474*** -0.2068*** 0.0210*** 0.1914*** 0.0441*** 0.2082***
(0.000) (0.000) (0.001) (0.001) (0.001) (0.000) (0.001)

cons 3.8596*** 4.0011*** 4.7949*** 4.4450*** 4.8666*** 4.1811*** 4.6737***
(0.012) (0.012) (0.025) (0.023) (0.013) (0.012) (0.013)

Year_FE Yes Yes Yes Yes Yes Yes Yes
Region_FE Yes Yes Yes Yes Yes Yes Yes
Industry_FE Yes Yes Yes Yes Yes Yes Yes
N 1832689 1832689 454417 454417 1832689 1832689 1832689
r2_a 0.194 0.220 0.608 0.365 0.273 0.364 0.257

Note: OPACF (or LPACP) means the OP method (or LP method) with ACF correction. WRDG means the
Wooldridge estimation, which obtains the LP estimators with the system GMM framework. Standard errors
clustered at the firm level are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%,
5% and 1% levels respectively.

The FE estimation results are illustrated in Table 5.7. The estimated coefficients of ln(highway

access) are all positive but less statistically significant overall. For the control variable, older

firms are associated with more productivity. Firms that are state-owned have a negative rela-

tionship with firm productivity. The reduction in the coefficient of the key variable from OLS

to Fixed Effects arises because FE controls for time-invariant unobserved factors that OLS

cannot. OLS estimates include both within- and between-group variations, potentially inflat-

ing the coefficient if unobserved variables correlated with the key variable are omitted. FE, by

focusing solely on within-group variation, removes the influence of these unobserved factors,

resulting in a smaller and more precise estimate of the key variable’s impact. In this study, the

significant drop in the coefficient for the key variable suggests that while OLS might reflect

both the self-selection of more productive firms near highways and the long-term effects of
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initial highway placement, FE focuses on variations within firms over time. This reduction

likely indicates that the initial OLS estimates captured both these effects, whereas FE isolates

the impact of changes in highway access over time, filtering out the influence of past highway

placements.

Table 5.7: FE results

FE estimation,dependent variable: ln(TFP)

OLS FE OP OPACF LP LPACF WRDG
(1) (2) (3) (4) (5) (6) (7)

ln(highway_access) 0.0022** 0.0021* 0.0027 0.0024 0.0019* 0.0024** 0.0019*
(0.001) (0.001) (0.002) (0.002) (0.001) (0.001) (0.001)

age 0.0131*** 0.0172*** 0.0195*** 0.0107*** 0.0386*** 0.0175*** 0.0401***
(0.002) (0.002) (0.004) (0.004) (0.002) (0.002) (0.002)

state -0.0780*** -0.0750*** -0.0575*** -0.0614*** -0.0487*** -0.0707*** -0.0464***
(0.006) (0.006) (0.012) (0.011) (0.006) (0.006) (0.006)

size -0.0395*** 0.0367*** -0.1599*** -0.0318*** 0.0298*** -0.0313*** 0.0386***
(0.001) (0.001) (0.004) (0.003) (0.001) (0.001) (0.001)

cons 4.5227*** 5.0243*** 5.2069*** 5.8626*** 5.9529*** 4.3913*** 6.1366***
(0.137) (0.128) (0.218) (0.200) (0.135) (0.157) (0.159)

Year_FE Yes Yes Yes Yes Yes Yes Yes
Region_FE Yes Yes Yes Yes Yes Yes Yes
Industry_FE Yes Yes Yes Yes Yes Yes Yes
N 1832689 1832689 454417 454417 1832689 1832689 1832689
r2_a 0.070 0.083 0.235 0.139 0.101 0.118 0.094

Note: OPACF (or LPACP) means the OP method (or LP method) with ACF correction. WRDG means the
Wooldridge estimation, which obtains the LP estimators with the system GMM framework. Standard errors
clustered at the firm level are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%,
5% and 1% levels respectively.
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Table 5.8: IV estimation results

OLS 2SLS FE-2SLS

Dependent variable: ln(TFP) LP LPACF LP LPACF LP LPACF
(1) (2) (3) (4) (5) (6)

Second stage: Dependent variable ln(TFP)
ln(highway access) 0.0260*** 0.0234*** 0.0529*** 0.0480*** 0.0163*** 0.0183***

(0.001) (0.001) (0.001) (0.001) (0.003) (0.003)
age -0.0087*** -0.0544*** -0.0085*** -0.0542*** 0.0388*** 0.0177***

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002)
state -0.5890*** -0.5961*** -0.5878*** -0.5950*** -0.0487*** -0.0707***

(0.003) (0.003) (0.003) (0.003) (0.005) (0.005)
size 0.1914*** 0.0441*** 0.1901*** 0.0430*** 0.0297*** -0.0314***

(0.001) (0.000) (0.001) (0.000) (0.001) (0.001)
Year FE Yes Yes Yes Yes Yes Yes
Region FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Observations 1,832,689 1,832,689 1,832,689 1,832,689 1,669,767 1,669,767
R-squared 0.273 0.364 0.272 0.364 0.100 0.118
Underidentification test 285229 285229 33503 33503
p-value 0.000 0.000 0.000 0.000
Weak identification test 417194 417194 57225 57225

First stage: Dependent variable ln(highway access)
lnLCP 0.4365*** 0.4365*** 0.4142*** 0.4142***

(0.0012) (0.0012) (0.0024) (0.0024)
age -0.0194*** -0.0194*** -0.0010 -0.0010

(0.0016) (0.0016) (0.0020) (0.0020)
state -0.0582*** -0.0582*** 0.0028 0.0028

(0.0050) (0.0050) (0.0066) (0.0066)
size 0.0303*** 0.0303*** 0.0030** 0.0030**

(0.0010) (0.0010) (0.0013) (0.0013)
Year FE Yes Yes Yes Yes
Region FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
r2_a 0.357 0.357 0.224 0.224

Note: The instrument for ln(highway access) in 2SLS and FE-2SLS is the lnLCP IV. LPACP means the LP
method with ACF correction. Standard errors clustered at the firm level are displayed in parentheses. *,** and
*** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.

Table 5.8 indicates the estimation results using OLS, 2SLS and FE-2SLS. Columns (1) and

(2) are with OLS estimation with the dependent variable lnTFP calculated by the LP and LP-

ACP methods; Columns (3) and (4) use 2SLS estimation with the ln(Least Cost Path) as the

instrumental variable for ln(highway access); Columns (5) and (6) use FE-2SLS estimation

with LCP IV. The estimated coefficients with LCP IVs are all statistically significant at the 1

% level. The coefficient for highway access increases with 2SLS compared to OLS because
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2SLS corrects for endogeneity bias. OLS may have underestimated the effect due to omitted

variables or measurement error, while 2SLS uses instrumental variables to provide a more

accurate measure of the causal impact. The estimated coefficients between the LP and LPACF

are similar in each estimation method, which indicates that the results consistently vary from

different TFP estimation methods. In addition to the TFP estimated by the LP and LP-ACF,

the TFPs estimated by other methods have consistent results. The FE-2SLS results for LPACF

indicate a 1% increase in highway access yields a 0.018% increase in firm-level productivity.

5.5 Within-industry Agglomeration Channel

5.5.1 Hypothesis Development

This section investigates the firm-level agglomeration channel. The previous two chapters

have shown that highway access increases within-industry agglomeration at the province,

city, and county levels. Highways are expected to affect firm productivity through agglom-

eration, with firm-level agglomeration measures used to examine heterogeneity features, as

the agglomeration levels of firms within the same industry can vary significantly.

Empirical research by Holl (2016) and Faber (2014) utilizes agglomeration as a mechanism

for the effects of transport infrastructure. Faber (2014) particularly highlights trade integra-

tion (related to the concept of agglomeration) as a pathway throughwhich highways influence

productivity. This is supported by the core-periphery model of Krugman (1991), which sug-

gests that lower transport costs can increase trade integration and spatial concentration in core

regions, thereby affecting output growth and contributing to uneven development between

core and peripheral areas.
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A substantial body of research further supports the positive impact of agglomeration on pro-

ductivity at both regional and firm levels. Studies such as Ciccone &Hall (1996) and Ciccone

(2002) demonstrate that increased employment density, a common measure of agglomera-

tion, can significantly boost labour productivity in various contexts, including the United

States and several European countries. These studies generally align with the findings that

agglomeration fosters productivity throughmechanisms like externalities, intermediate goods

variety, and labour market matching (Andersson et al. 2007).

In the context of China, Au & Henderson (2006) and Ke (2010) provide evidence that ag-

glomeration effects enhance labour productivity, particularly in smaller cities where agglom-

eration economies are most pronounced. However, as city size grows, these benefits taper off,

suggesting a non-linear relationship between agglomeration and productivity. Moreover, Lin

et al. (2011) and Hu et al. (2015) find that industrial agglomeration can positively impact both

labour productivity and total factor productivity, but these effects can vary based on factors

such as industry type and regional characteristics.

Overall, these findings indicate that agglomeration generally stimulates productivity by en-

hancing intra-industry and inter-industry linkages, improving labour market efficiency, and

fostering economies of scale and scope (Ciccone & Hall 1996, Au & Henderson 2006, Hu

et al. 2015). It is therefore hypothesized that highway access positively affects the agglom-

eration of firms within the same industry, which in turn increases firm-level productivity.

5.5.2 Firm-level within-industry Agglomeration and Summary Statist-

ics

Measure of firm-level within-industry agglomeration

This study uses within-industry agglomeration as the mechanism, since agglomeration has

positive effects on productivity, and improved highway access is expected to increase ag-

glomeration. Wang et al. (2022) create firm-level agglomeration with a set of radii and rings

for employment for each firm. To construct the within-industry agglomeration measure, this

study counts the number of firms in the same industry within 5-50km radii of each firm. The

sum of employment is also used to create the measure as robustness checks. With the address
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information in the NBS dataset, geocoding is applied to obtain firms’ latitudes and longit-

udes. Then we split the sample into different 3-digit industry classification categories. Then

the number of firms within the same industry in the circle with the different radii of each firm

is captured using ArcGIS. This study takes the logarithm of the number of firms to create

the within-industry agglomeration variable. For example, the within-industry agglomeration

with a dkm radius is:

agg[d]kmi jt = ln(N jt) (5.7)

where agg[d]kmi jt is the logarithm of the number of firms of industry j that are located within

the d km buffer of firm i at time t. dkms include 5, 10, 20, 30,40, and 50kms. N jt represents

the number of firms that are in the same industry as firm i.

Figure 5.2 illustrates an example of how the firm-level agglomeration measure is constructed.

The centre of Figure 5.2 is a firm that belongs to the industry classification of grain grinding

in Beijing in 2000. The points represent the location of firms that are in the same industry. The

radius of the circle is 20km. The number of same-industry firms is counted to construct the

measure of firm-level agglomeration. In addition to using the number of firms, as a robustness

check this chapter also adopts the sum of employment in the circle to create the firm-level

agglomeration measure.

Figure 5.2: Radius of firms

Note: This is an example of firms in Beijing in 2000. The points represent the location of firms that belong to
the industry classification of grain grinding. The radius of the circle is 20km. The number of firms in the
radius is counted to construct the measure of firm-level agglomeration. The lines on the map are the
county-level boundaries in China.
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There are three possibilities for firm location: new firm, relocated firms, and the threshold in

the NBS dataset. Then changes in the number of neighbouring firms are selected to construct

the agglomeration variable, ∆agg[d]kmi jt , to represent the agglomeration of new entrants. To

construct this change in the neighbouring firm index, this chapter first selects firms that have

data in the benchmark year. 1998 is used as the benchmark, which means that the sample size

is greatly reduced. Then it only uses firms whose counties have not changed over the sample

period and assumes that these firms have not moved. The change in the number of firms is

the number of new entrants minus exit firms. The change in the logarithm of the number of

firms in the neighbourhood of firm i between subsequent years and the benchmark year is the

∆agg[d]kmi jt :

∆agg[d]kmi jtσ = ln(N jtσ )− ln(N jt0) (5.8)

where ∆agg[d]kmi jt is the change in the logarithm of the number of firms of industry j that

are located within the d km buffer of firm i since t0. tσ is from year 1999 to 2007. t0 in the

sample is the year 1998. In this chapter, the buffers d km include 5, 10, 20, 30, 40 and 50kms.

This index ∆agg[d]kmi jt significantly mitigates the endogeneity issue, as the change in the

number of neighbouring firms is mostly likely to be affected by the highways. It reduces the

reverse causality problem as highway connections can attract new firms, but the increase of

neighbouring firms to firm i is not powerful enough to let the government invest in new high-

ways around this firm, especially when most highway construction plans are pre-determined

by the government.

Comparison of Firm-level and Industrial agglomeration indexes

The EG agglomeration index used in the last two chapters is the industry-level index, which

uses the data of employment for each industry in given regions (province, city and county

levels) in the whole country to calculate the level of agglomeration of each industry. Com-

pared with the industrial agglomeration index, the firm-level agglomeration index has the

advantage that it uses firm-level data and also avoids the Modifiable Areal Unit Problem

(MAUP), that is, the province, city and county boundaries given in advance make the EG

index lose location information in the process. One of the main criticisms of MAUP is that

its results are inconsistent due to the use of different regional units. Thus, we examine EG

180



5. The Effects of Highway Access on Firm Productivity Within-industry Agglomeration Channel

indexes at the county, city, and province levels. However, due to the boundaries between

these regional units, the situation that firms may be close to each other but located in differ-

ent regions cannot be investigated. The firm-level agglomeration index in this chapter uses

different radii to avoid the discontinuous issue in geographical space and the MAUP.

Additionally, the firm-level agglomeration index takes into account heterogeneity between

firms. The firms’ location information also contains the regional effect. In the same industry,

using industry-level data loses the information about firms’ characteristics. For instance, two

firms share the same industry-level agglomeration index, while a firm can be located in a

place where there are no other firms in the neighbourhood, and another firm in the same

industry can be located somewhere very spatially concentrated. Thus, it is more precise to

use the firm-level agglomeration index in the firm-level estimation.

However, this firm-level agglomeration index has the disadvantage that it is highly affected

by the number of firms in the same industry but less by spatial distribution. If firms are

evenly located in the country but there are a lot of them, industry-level agglomeration should

be small, but when we aggregate the firm-level agglomeration index to the industry-level

index, this is not the case. Nevertheless, when considering the agglomeration effects on firm

productivity, it is reasonable to consider that a firm’s agglomeration level is determined by its

neighbouring firms rather than by industry distribution over the whole country. Thus, using

this firm-level agglomeration measure in this chapter is an appropriate choice.

Summary Statistics of Key Variables

This section provides the summary statistics for the firm-level within-industry agglomeration

index. Table 5.9 shows the average values of agg5km to agg50km per year from 1998 to

2007. The value of firm-level within-industry agglomeration increases when the radius grows

from 5km to 50km. This is intuitive as the larger the radii, the higher the number of firms

counted within the radii. Figure 5.3 clearly illustrates the trend of firm-level within-industry

agglomeration. Firm-level within-industry agglomeration for each radius overall increased

from 1998 to 2007, except for 2004, which is the census year, thus the NBS data in 2004 are

more explicit and contain more firms.
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Table 5.9: Average values of firm-level within-industry agglomeration

year agg5km agg10km agg20km agg30km agg40km agg50km

1998 0.9464 1.3095 1.7698 2.1095 2.3858 2.6231
1999 0.9284 1.3044 1.7835 2.1304 2.4097 2.6466
2000 0.9504 1.3339 1.8240 2.1794 2.4639 2.7013
2001 1.0392 1.4733 2.0166 2.3917 2.6847 2.9233
2002 1.0726 1.5270 2.0898 2.4720 2.7702 3.0115
2003 1.0584 1.5434 2.1440 2.5570 2.8732 3.1290
2004 1.3464 1.9387 2.6294 3.0734 3.4015 3.6647
2005 1.2658 1.8295 2.5041 2.9457 3.2738 3.5383
2006 1.3038 1.8735 2.5560 3.0020 3.3333 3.6027
2007 1.3640 1.9465 2.6458 3.1000 3.4362 3.7086

Total 1.1822 1.6903 2.3074 2.7210 3.0353 3.2917

Note: agg[d]km is the logarithm of the number of same-industry firms that are located
within the dkm buffer. dkms include 5, 10, 20, 30,40, and 50kms.

Figure 5.3: The trend of firm-level within-industry agglomeration

Note: agg[d]km is the logarithm of the number of same-industry firms that are located within the dkm buffer.
dkms include 5, 10, 20, 30,40, and 50kms. The average of agg[d]km per year and their trend is displayed in
this figure. The value of firm-level within-industry agglomeration increases when the radius grows from 5km
to 50km.
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Table 5.10 provides the summary statistics of variables used in the following regressions.

The following estimations use the sample that only contains firms that have not moved to

other counties during the sample period. For firms that have moved to other counties, their

productivity might be suddenly changed because of omitted variables that are not controlled.

Thus this study excludes firms that have moved to other counties to mitigate the endogeneity

problem.

Table 5.10: Summary statistics of key variables

Variable Obs Mean Std. dev. Min Max

lpacf 1,713,138 4.0207 1.1795 0.4557 6.9509
ln(highway access) 1,713,185 -1.8129 1.4709 -5.1677 2.3595
lndistance 1,713,185 1.8129 1.4709 -2.3595 5.1677
age 1,641,349 1.8441 0.9613 0 3.8712
state 1,711,471 0.1200 0.3250 0 1
size 1,713,185 8.2416 1.6269 4.1287 12.6446
intermediate ratio 1,663,149 0.6791 0.1525 0.1899 0.9723
labour productivity 1,664,852 3.9011 1.2293 0.3701 6.7766
new product ratio 1,676,700 0.0308 0.1396 0 0.9816
agg5km 1,713,185 1.1822 1.2030 0 4.6821
agg10km 1,713,185 1.6903 1.3935 0 5.2204
agg20km 1,713,185 2.3074 1.5586 0 5.8319
agg30km 1,713,185 2.7210 1.6235 0 6.1944
agg40km 1,713,185 3.0353 1.6465 0 6.4409
agg50km 1,713,185 3.2917 1.6527 0 6.7007
∆agg5km 217,945 -0.0058 0.4190 -2.0149 1.7918
∆agg10km 217,945 -0.0010 0.4434 -2.0794 1.9459
∆agg20km 217,945 0.0077 0.4257 -1.8718 1.9459
∆agg30km 217,945 0.0112 0.4008 -1.7047 1.8718
∆agg40km 217,945 0.0143 0.3807 -1.6094 1.7918
∆agg50km 217,945 0.0173 0.3601 -1.4351 1.7358

5.5.3 Results for within-industry Agglomeration Channel

This section presents the regression results using aggi jt as the dependent variable. Table 5.11

shows the FE estimations of the relationship between highway access and within-industry ag-

glomeration of firms in radii of 5km, 10km, 20km, 30km, 40km and 50km in Columns 1 to 6

respectively. The estimated coefficients of ln(highway access) are all positive and statistically

significant. This indicates that highway access is positively associated with within-industry
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agglomeration of firms. Regarding the control variables, intermediate ratio, labour productiv-

ity and new product ratio are proxies for input sharing, labour market pooling and knowledge

spillovers. The results also imply that these three Marshallian externalities are all positively

associated with within-industry agglomeration of firms.

Table 5.11: The effects of highway access on within-industry agglomeration

agg5km agg10km agg20km agg30km agg40km agg50km
(1) (2) (3) (4) (5) (6)

ln(highway access) 0.0748*** 0.0962*** 0.1069*** 0.0994*** 0.0888*** 0.0783***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.001)

intermediate ratio 0.0151** 0.0249*** 0.0289*** 0.0288*** 0.0294*** 0.0269***
(0.007) (0.007) (0.007) (0.007) (0.007) (0.006)

labour productivity 0.0023** 0.0037*** 0.0048*** 0.0049*** 0.0050*** 0.0043***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

new product ratio 0.0447*** 0.0499*** 0.0473*** 0.0394*** 0.0333*** 0.0312***
(0.007) (0.007) (0.007) (0.007) (0.006) (0.006)

age 0.0359*** 0.0361*** 0.0325*** 0.0307*** 0.0288*** 0.0281***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

state 0.0541*** 0.0660*** 0.0772*** 0.0738*** 0.0707*** 0.0709***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

size 0.0211*** 0.0250*** 0.0262*** 0.0252*** 0.0245*** 0.0227***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES
N 1559713 1559713 1559713 1559713 1559713 1559713
r2a 0.069 0.121 0.191 0.243 0.285 0.323

Note: The dependent variable is within-industry agglomeration with different radii from 5km to 50km. Stand-
ard errors clustered at the firm level are displayed in parentheses. *,** and *** mean the coefficient is signific-
ant at the 10%, 5% and 1% levels respectively.

In order to evaluate the causal relationship between highways and within-industry agglom-

eration, this study uses the LCP IV with NEN target nodes for highway access. Table 5.12

displays the second stage of FE-2SLS results with the dependent variables of within-industry

agglomeration with different radii. The results support the hypothesis that highways increase

within-industry agglomeration of firms. For a radius of 10km, the 1% change in highway

access is associated with a 0.4616% change in within-industry agglomeration. The elasticity

of within-industry agglomeration of a 10km radius with respect to highway access is 0.4616.
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Table 5.12: The effects on within-industry agglomeration with IV

(1) (2) (3) (4) (5) (6)
VARIABLES agg5km agg10km agg20km agg30km agg40km agg50km

Second stage of FE-2SLS
Dependent variable: within-industry agglomeration with different radius
ln(highway access) 0.4242*** 0.4616*** 0.4258*** 0.3723*** 0.3180*** 0.2683***

(0.004) (0.004) (0.004) (0.003) (0.003) (0.003)
intermediate ratio 0.0191*** 0.0292*** 0.0327*** 0.0320*** 0.0320*** 0.0291***

(0.007) (0.007) (0.007) (0.006) (0.006) (0.006)
labour productivity 0.0025** 0.0039*** 0.0050*** 0.0050*** 0.0051*** 0.0044***

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
new product ratio 0.0437*** 0.0489*** 0.0464*** 0.0387*** 0.0326*** 0.0307***

(0.007) (0.007) (0.006) (0.006) (0.006) (0.005)
age 0.0391*** 0.0395*** 0.0354*** 0.0332*** 0.0309*** 0.0298***

(0.002) (0.002) (0.002) (0.002) (0.001) (0.001)
state 0.0534*** 0.0652*** 0.0765*** 0.0733*** 0.0702*** 0.0705***

(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
size 0.0190*** 0.0228*** 0.0243*** 0.0236*** 0.0232*** 0.0215***

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES
Observations 1,408,562 1,408,562 1,408,562 1,408,562 1,408,562 1,408,562
Number of panel id 362,152 362,152 362,152 362,152 362,152 362,152

First stage of FE-2SLS
Dependent variable: ln(highway access)

LCP NEN IV 0.4374*** 0.4374*** 0.4374*** 0.4374*** 0.4374*** 0.4374***
(0.0027) (0.0027) (0.0027) (0.0027) (0.0027) (0.0027)

intermediate ratio -0.0215** -0.0215** -0.0215** -0.0215** -0.0215** -0.0215**
(0.0084) (0.0084) (0.0084) (0.0084) (0.0084) (0.0084)

labour productivity -0.0037*** -0.0037*** -0.0037*** -0.0037*** -0.0037*** -0.0037***
(0.0013) (0.0013) (0.0013) (0.0013) (0.0013) (0.0013)

new product ratio 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030
(0.0076) (0.0076) (0.0076) (0.0076) (0.0076) (0.0076)

age -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004
(0.0021) (0.0021) (0.0021) (0.0021) (0.0021) (0.0021)

state 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058
(0.0074) (0.0074) (0.0074) (0.0074) (0.0074) (0.0074)

size 0.0026* 0.0026* 0.0026* 0.0026* 0.0026* 0.0026*
(0.0014) (0.0014) (0.0014) (0.0014) (0.0014) (0.0014)

Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES
N 1559713 1559713 1559713 1559713 1559713 1559713
r2_a 0.238 0.238 0.238 0.238 0.238 0.238

Underidentification test 13480 13480 13480 13480 13480 13480
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 26401 26401 26401 26401 26401 26401

Note: The dependent variable is within-industry agglomeration with different radii from 5km to 50km. The in-
strument for highway access in FE-2SLS is the LCP IV with NEN nodes. Standard errors clustered at the firm
level are displayed in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels
respectively.
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Table 5.13 provides FE-2SLS estimation results without and with within-industry agglomer-

ation variables respectively. The coefficients of the highway variable and the within-industry

agglomeration variables are all positive. Additionally, the coefficient of ln(highway access)

variable reduces by about 1/3, which means that within-industry agglomeration captures the

effect of highway access on TFP. Within-industry agglomeration is an important channel for

the effect of highway access on TFP.

Table 5.13: The effects on highway access on lnTFP

(1) (2) (3) (4) (5) (6) (7)
Second stage of FE-2SLS
Dependent variable:lnTFP (LPacf)

ln(highway access) 0.0189*** 0.0125*** 0.0108*** 0.0101*** 0.0105*** 0.0112*** 0.0123***
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

agg5km 0.0152***
(0.001)

agg10km 0.0178***
(0.001)

agg20km 0.0209***
(0.001)

agg30km 0.0229***
(0.001)

agg40km 0.0243***
(0.002)

agg50km 0.0248***
(0.002)

age 0.0206*** 0.0200*** 0.0199*** 0.0199*** 0.0198*** 0.0198*** 0.0199***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

state -0.0756*** -0.0764*** -0.0768*** -0.0772*** -0.0773*** -0.0773*** -0.0773***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

size -0.0322*** -0.0325*** -0.0326*** -0.0327*** -0.0327*** -0.0327*** -0.0327***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Year FE YES YES YES YES YES YES YES
Region FE YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES

Observations 1,477,395 1,477,395 1,477,395 1,477,395 1,477,395 1,477,395 1,477,395
Number of panel id 377,651 377,651 377,651 377,651 377,651 377,651 377,651
Underidentification test 29779 29579 29382 29420 29739 30007 30186
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 51985 50621 49584 48799 49243 49850 50403

Note: This table reports the second stage of the FE-2SLS estimator. The dependent variable is lnTFP, measured
by the LP acf-correction method. The instrument for highway access in FE-2SLS is the LCP IV constructed
with the NEN target nodes. Columns 2 to 7 controls for within-industry agglomeration with different radii from
5km to 50km.

5.5.4 New Entrants

This section uses the change in the number of firms since 1998 to construct the dependent

variable. Highways can attract new entrants, which leads to agglomeration. The change in

the number of firms from 1998 is used to capture new entrants and relocated firms.
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Table 5.14 shows the FE estimations of the relationship between highway access and new

entrants. The estimated coefficients of ln(highway access) are all positive and statistically

significant. Owing to only firms that have data from 1998 being used to construct the change

in agglomeration variable, the sample size is much reduced. The coefficients of the control

variables, intermediate ratio, labour productivity and new product ratios are inconsistent with

using all firms in the last section.

Table 5.14: The effects of highway access on new entrants

∆agg5km ∆agg10km ∆agg20km ∆agg30km ∆agg40km ∆agg50km
(1) (2) (3) (4) (5) (6)

ln(highway access) 0.1145*** 0.1458*** 0.1630*** 0.1496*** 0.1363*** 0.1204***
(0.004) (0.004) (0.004) (0.004) (0.003) (0.003)

intermediate ratio -0.0231 -0.0445** -0.0298* -0.0340** -0.0368** -0.0413***
(0.017) (0.017) (0.016) (0.015) (0.015) (0.014)

labour productivity -0.0033 -0.0050* -0.0046* -0.0066*** -0.0080*** -0.0092***
(0.003) (0.003) (0.003) (0.002) (0.002) (0.002)

new product ratio -0.0218 -0.0267 -0.0111 0.0033 0.0024 0.0022
(0.018) (0.019) (0.018) (0.017) (0.016) (0.015)

age 0.0127** 0.0179*** 0.0239*** 0.0227*** 0.0218*** 0.0207***
(0.006) (0.006) (0.006) (0.005) (0.005) (0.005)

state 0.0091 0.0134 0.0122 0.0007 0.0026 -0.0023
(0.010) (0.011) (0.011) (0.010) (0.010) (0.009)

size 0.0021 0.0030 0.0017 0.0040 0.0042 0.0045
(0.003) (0.004) (0.003) (0.003) (0.003) (0.003)

Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES
N 206474 206474 206474 206474 206474 206474
r2_a .05526 .08461 .1234 .1458 .1645 .1791

Note: The dependent variable is ∆within-industry agglomeration with different radii from 5km to 50km. Stand-
ard errors clustered at the firm level are displayed in parentheses. *,** and *** mean the coefficient is signific-
ant at the 10%, 5% and 1% levels respectively.

In order to evaluate the causal relationship between highways and new entrants, this study

uses the LCP IV with NEN target nodes for highway access. Table 5.15 displays the second

stage of FE-2SLS results with the dependent variables of change in within-industry agglom-

eration with different radii. The positive and significant coefficients of ln(highway access)

indicate that highways attract new firms or increase the number of relocated firms, and lead

to agglomeration. For a radius of 10km, the 1% change in highway access is associated with a

0.4210% change in new entrants. The elasticity of new entrants in a 10km radius with respect

to highway access is 0.4210.
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Table 5.15: The effects on new entrants with IV

∆agg5km ∆agg10km ∆agg20km ∆agg30km ∆agg40km ∆agg50km
(1) (2) (3) (4) (5) (6)

Second stage of FE-2SLS
Dependent variable: change in within-industry agglomeration
ln(highway access) 0.3745*** 0.4210*** 0.3835*** 0.3290*** 0.2796*** 0.2295***

(0.008) (0.008) (0.007) (0.007) (0.006) (0.006)
intermediate ratio -0.0286* -0.0503*** -0.0345** -0.0379** -0.0398*** -0.0436***

(0.017) (0.018) (0.017) (0.015) (0.015) (0.014)
labour productivity -0.0035 -0.0052* -0.0048* -0.0068*** -0.0081*** -0.0093***

(0.003) (0.003) (0.003) (0.002) (0.002) (0.002)
new product ratio -0.0224 -0.0273 -0.0116 0.0028 0.0021 0.0019

(0.019) (0.019) (0.018) (0.017) (0.015) (0.014)
age 0.0160*** 0.0214*** 0.0267*** 0.0250*** 0.0236*** 0.0221***

(0.005) (0.006) (0.005) (0.005) (0.005) (0.004)
state 0.0182* 0.0230** 0.0200* 0.0070 0.0077 0.0016

(0.011) (0.011) (0.011) (0.010) (0.009) (0.009)
size -0.0003 0.0005 -0.0004 0.0024 0.0029 0.0035

(0.003) (0.004) (0.003) (0.003) (0.003) (0.003)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES

Observations 166,927 166,927 166,927 166,927 166,927 166,927
Number of panel id 68,518 68,518 68,518 68,518 68,518 68,518
Underidentification test 3781 3781 3781 3781 3781 3781
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 8292 8292 8292 8292 8292 8292

Note: The dependent variable is ∆within-industry agglomeration with different radii from 5km to 50km. The
instrument for highway access in FE-2SLS is the LCP IV. Robust standard errors are displayed in parentheses.
*,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.

5.5.5 Robustness Checks: Agglomeration Measure using Employment

In addition to using the number of firms that co-located to construct the within-industry ag-

glomeration measure, the sum of employment is also used for robustness checks.

Table 5.16 displays the second stage of FE-2SLS results with the dependent variables of

within-industry agglomeration calculated with employment. The results consistently the hy-

pothesis support that highways increase within-industry agglomeration of firms. The estim-

ated coefficient of ln(highway access) is slightly larger than when using the number of firms

to calculate the agglomeration measure. For a radius of 10km, the 1% change in highway

access is associated with a 0.5704% change in within-industry agglomeration.
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Table 5.16: The effects on within-industry agglomeration (employment)

agg5km agg10km agg20km agg30km agg40km agg50km
(1) (2) (3) (4) (5) (6)

Second stage of FE-2SLS
Dependent variable: within-industry agglomeration (employment)
ln(highway access) 0.5182*** 0.5704*** 0.5275*** 0.4637*** 0.3965*** 0.3362***

(0.005) (0.005) (0.005) (0.004) (0.004) (0.004)
intermediate ratio -0.5258*** -0.3998*** -0.2906*** -0.2303*** -0.1862*** -0.1592***

(0.010) (0.010) (0.009) (0.008) (0.008) (0.007)
labour productivity -0.1520*** -0.1189*** -0.0879*** -0.0708*** -0.0601*** -0.0530***

(0.002) (0.002) (0.001) (0.001) (0.001) (0.001)
new product ratio 0.0764*** 0.0718*** 0.0608*** 0.0505*** 0.0435*** 0.0448***

(0.008) (0.008) (0.008) (0.007) (0.007) (0.007)
age 0.0814*** 0.0752*** 0.0612*** 0.0554*** 0.0516*** 0.0478***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
state 0.0914*** 0.1055*** 0.1169*** 0.1154*** 0.1073*** 0.1025***

(0.007) (0.007) (0.007) (0.006) (0.006) (0.006)
size 0.1154*** 0.0983*** 0.0785*** 0.0658*** 0.0573*** 0.0490***

(0.002) (0.001) (0.001) (0.001) (0.001) (0.001)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES
Observations 1,408,562 1,408,562 1,408,562 1,408,562 1,408,562 1,408,562
Number of panel id 362,152 362,152 362,152 362,152 362,152 362,152

First stage of FE-2SLS
Dependent variable: ln(highway access)

LCP NEN IV 0.4374*** 0.4374*** 0.4374*** 0.4374*** 0.4374*** 0.4374***
(0.0027) (0.0027) (0.0027) (0.0027) (0.0027) (0.0027)

Control variables YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES
N 1559713 1559713 1559713 1559713 1559713 1559713
r2_a 0.238 0.238 0.238 0.238 0.238 0.238

Underidentification test 13480 13480 13480 13480 13480 13480
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 26401 26401 26401 26401 26401 26401

Note: The dependent variable is within-industry agglomeration with different radii from 5km to 50km. The in-
strument for highway access in FE-2SLS is the LCP IV. Standard errors clustered at the firm level are displayed
in parentheses. *,** and *** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.

Table 5.17 displays the second stage of FE-2SLS results using employment to measure new

entrants. The results are consistent compared with using the number of new entrants to meas-

ure agglomeration and with slightly larger estimated coefficients of ln(highway access). The

elasticity of new entrants calculated by employment in a 10km radius with respect to highway

access is 0.5319.
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Table 5.17: The effects on new entrants (employment) with IV

∆agg5km ∆agg10km ∆agg20km ∆agg30km ∆agg40km ∆agg50km
(1) (2) (3) (4) (5) (6)

Second stage of FE-2SLS
Dependent variable: change in within-industry agglomeration (employment)
ln(highway access) 0.4898*** 0.5319*** 0.4896*** 0.4199*** 0.3540*** 0.2996***

(0.011) (0.011) (0.010) (0.009) (0.008) (0.007)
intermediate ratio -0.8029*** -0.7338*** -0.5926*** -0.5114*** -0.4521*** -0.4159***

(0.028) (0.028) (0.025) (0.024) (0.022) (0.021)
labour productivity -0.2165*** -0.1887*** -0.1533*** -0.1321*** -0.1182*** -0.1069***

(0.005) (0.005) (0.004) (0.004) (0.004) (0.004)
new product ratio 0.0418 0.0267 0.0210 0.0309 0.0346* 0.0339*

(0.027) (0.027) (0.025) (0.023) (0.021) (0.019)
age 0.0552*** 0.0536*** 0.0589*** 0.0544*** 0.0484*** 0.0465***

(0.008) (0.008) (0.007) (0.007) (0.006) (0.006)
state 0.0235 0.0326** 0.0250* 0.0127 0.0186 0.0088

(0.016) (0.016) (0.015) (0.014) (0.012) (0.012)
size 0.0970*** 0.0797*** 0.0593*** 0.0513*** 0.0451*** 0.0387***

(0.005) (0.005) (0.005) (0.004) (0.004) (0.004)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES

Observations 166,927 166,927 166,927 166,927 166,927 166,927
Number of panel id 68,518 68,518 68,518 68,518 68,518 68,518
Underidentification test 3781 3781 3781 3781 3781 3781
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 8292 8292 8292 8292 8292 8292

Note: This table reports the second stage of the FE-2SLS estimator. The dependent variable is ∆within-industry
agglomeration with different radii from 5km to 50km. The instrument for highway access in FE-2SLS is the
LCP IV with NEN target nodes.

5.5.6 Robustness Checks: without Targeted Cities

For firms in the targeted cities in the NTHS plan, the highways are connected to these cities.

These targeted cities are provincial capitals and big cities. In addition to these cities, others

are more likely to be randomly connected to highways. Thus, this section excludes firms in

targeted cities to investigate the relationship between highways and firm-level productivity

through the channel of within-industry agglomeration.
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Table 5.18 shows the second stage of FE-2SLS results for firms that are not in the targeted

cities in the NTHS plan. The estimated coefficients of the highway variable are all positive

and statistically significant, which further supports the hypothesis that highways increase

within-industry agglomeration of firms even in less developed regions. For the agglomeration

of same-industry firms in a radius of 10km, the 1% change in highway access gives a 0.3466%

change in within-industry agglomeration in non-targeted cities. The highway access elasticity

for firms in non-targeted cities is smaller than that of the whole sample in Table 5.12.

Table 5.18: The effects on within-industry agglomeration without targeted cities

(1) (2) (3) (4) (5) (6)
VARIABLES agg5km agg10km agg20km agg30km agg40km agg50km

Second stage of FE-2SLS
Dependent variable: within-industry agglomeration with different radius
ln(highway access) 0.3082*** 0.3466*** 0.3413*** 0.3196*** 0.2960*** 0.2677***

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
intermediate ratio -0.0197* -0.0170 -0.0218* -0.0181 -0.0127 -0.0065

(0.011) (0.012) (0.012) (0.012) (0.011) (0.011)
labour productivity 0.0006 0.0018 0.0032* 0.0035** 0.0043** 0.0045***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
new product ratio 0.0442*** 0.0630*** 0.0499*** 0.0376*** 0.0306*** 0.0294***

(0.011) (0.012) (0.012) (0.011) (0.011) (0.010)
age 0.0278*** 0.0308*** 0.0333*** 0.0332*** 0.0333*** 0.0332***

(0.002) (0.002) (0.003) (0.002) (0.002) (0.002)
state 0.0810*** 0.0979*** 0.1107*** 0.1078*** 0.1020*** 0.1019***

(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
size 0.0223*** 0.0256*** 0.0266*** 0.0265*** 0.0261*** 0.0241***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES

Observations 478,631 478,631 478,631 478,631 478,631 478,631
Number of panel id 126,140 126,140 126,140 126,140 126,140 126,140
Underidentification test 14453 14453 14453 14453 14453 14453
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 35492 35492 35492 35492 35492 35492

Note: This table presents the second stage of the FE-2SLS estimator. The dependent variable is within-industry
agglomeration with different radii from 5km to 50km. The instrument for highway access in FE-2SLS is the
LCP IV.

This section then further discusses how highways affect firm productivity using the results in

Table 5.19. The coefficient of ln(highway access) reduces by around 1/3 to 1/2 after adding

the within-industry agglomeration variable. This indicates that after excluding the firms in

targeted cities, the results still support the view that highways increase firm productivity

through the channel of within-industry agglomeration.

191



5. The Effects of Highway Access on Firm Productivity Coagglomeration Channel

Table 5.19: The effects on highway access on lnTFP without targeted cities

(1) (2) (3) (4) (5) (6) (7)
Second stage of FE-2SLS
Dependent variable:lnTFP (LPacf)

ln(highway access) 0.0149*** 0.0097*** 0.0084** 0.0078** 0.0076** 0.0078** 0.0079**
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

agg5km 0.0171***
(0.002)

agg10km 0.0191***
(0.002)

agg20km 0.0212***
(0.002)

agg30km 0.0230***
(0.002)

agg40km 0.0242***
(0.002)

agg50km 0.0266***
(0.003)

age 0.0173*** 0.0168*** 0.0167*** 0.0166*** 0.0165*** 0.0165*** 0.0164***
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

state -0.0914*** -0.0927*** -0.0932*** -0.0937*** -0.0938*** -0.0938*** -0.0940***
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009)

size -0.0352*** -0.0355*** -0.0356*** -0.0357*** -0.0358*** -0.0358*** -0.0358***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Year FE YES YES YES YES YES YES YES
Region FE YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES

Observations 499,044 499,044 499,044 499,044 499,044 499,044 499,044
Number of panel id 130,698 130,698 130,698 130,698 130,698 130,698 130,698
Underidentification test 14926 15087 15103 15188 15272 15298 15316
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 36380 34763 34364 34315 34505 34689 34972

Note: This table presents the second stage of the FE-2SLS estimator. The dependent variable is lnTFP, meas-
ured by the LP acf-correction method. The instrument for highway access in FE-2SLS is the LCP IV. Columns
2 to 7 control for the within-industry agglomeration at different radii.

5.6 Coagglomeration Channel

5.6.1 Hypothesis Development

Highways can affect firm total factor productivity through multiple mechanisms, including

both within-industry agglomeration and coagglomeration. While within-industry agglomer-

ation refers to the spatial concentration of firms within the same industry, coagglomeration

pertains to the spatial concentration of different industries within the same area. This section

explores how coagglomeration enhances productivity at the firm level.
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Empirical studies provide evidence of the positive effects of coagglomeration on productiv-

ity. For instance, Barrios et al. (2006) examine plant-level data from Ireland and employ the

coagglomeration measure derived from Ellison & Glaeser (1997). Their study finds signific-

ant coagglomeration of domestic and foreign enterprises, with spillover effects frommultina-

tional plants boosting employment and productivity for domestic firms, but only in industries

where these plants are co-located.

Similarly, Glaeser et al. (1992) investigate urbanisation and specialisation in US cities and

find that urbanisation economies, rather than specialisation, drive employment growth, sug-

gesting that cross-industry knowledge spillovers contribute to this growth. Supporting this

view, Feldman & Audretsch (1999) highlight that diversification economies significantly

impact innovation in US cities, indicating the importance of a varied industrial environment.

Moreover, Duranton & Puga (2001) develop a dynamic model demonstrating that firms tend

to relocate to diversified cities, further emphasising the value of coagglomeration.

In the context of Japan, Nakamura (1985) finds that light industries benefit more from urb-

anisation economies, while heavy industries favour localisation economies, highlighting that

the impact of coagglomeration may vary depending on the industry type. In China, He &

Pan (2010) analyse data on manufacturing industries and show that specialisation economies

initially promote city growth but may eventually impede it, whereas diversification econom-

ies have a consistently positive effect on growth after a certain threshold. This nonlinear

relationship between agglomeration economies and productivity is also observed by Au &

Henderson (2006).

Overall, these findings suggest that coagglomeration can stimulate firm-level productivity by

facilitating knowledge spillovers and economic diversification. Therefore, it is hypothesised

that highway access enhances the coagglomeration of firms across different industries, which

in turn improves firm-level productivity.
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5.6.2 Firm-level Coagglomeration and Summary Statistics

Measure of firm-level coagglomeration

The method of constructing the firm-level coagglomeration variable is similar to that of the

firm-level within-industry agglomeration variable. This study uses the number of firms of all

other industries in the circle centred on each firm to construct the firm-level coagglomeration

variable. This study takes the logarithm of the number of firms in all other industries. For

example, the coagglomeration with dkm radius is:

coagg[d]kmi jt = ln(Nkt),k /∈ j (5.9)

where coagg[d]kmi jt is the logarithm of the coagglomeration of firm i of industry k (k /∈ j) at

time t. The buffers dkm include 5, 10, 20, 30, 40 and 50kms. The coagglomeration of firm i,

ln(Nkt), is the number of firms in industries /∈ j in a circle with a given radius of firm i.

To capture new entrants for coagglomeration, the variable, ∆coagg[d]kmi jtσ , is constructed.

1998 is used as the benchmark and firms whose counties have not changed over the sample

period are selected. ∆coagg[d]kmi jtσ , actually captures the change in the number of firms that

is the number of new entrants minus exit firms. The change in the logarithm of the number

of firms of different industries in the neighbourhood of firm i between subsequent years and

the benchmark year is the ∆agg[d]kmi jt :

∆coagg[d]kmi jtσ = ln(Nktσ )− ln(Nkt0),k /∈ j (5.10)

where ∆coagg[d]kmi jt is the change in the logarithm of the number of firms of industry k

(k /∈ j) that are located within the dkm buffer of firm i since t0. tσ is from 1999 to 2007. t0 in

the sample is 1998. The buffers dkm include 5, 10, 20, 30, 40 and 50kms.
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Summary Statistics of Key Variables

This section provides the summary statistics for the firm-level coagglomeration index. Table

5.20 displays the average values of coagg[d]km per year from 1998 to 2007. The value of

firm-level coagglomeration increases when the radius grows from 5km to 50km. Compared

with within-industry agglomeration, the value of the coagglomeration index is larger, which

is because the firms in all other industries are counted to construct the firm-level coagglom-

eration index. Figure 5.4 illustrates the trend of firm-level industry coagglomeration. Owing

to 2004 being the census year, there is a bump in the coagglomeration index as well. The

overall trend is still upward, which means that more firms are located in the neighbourhood.

Table 5.20: Average values of firm-level coagglomeration

year coagg5km coagg10km coagg20km coagg30km coagg40km coagg50km

1998 3.7873 4.5751 5.4207 5.9587 6.3636 6.6907
1999 3.7265 4.5340 5.4096 5.9593 6.3716 6.7008
2000 3.7040 4.5318 5.4246 5.9868 6.4055 6.7377
2001 3.7807 4.6639 5.6107 6.1924 6.6169 6.9451
2002 3.7807 4.6917 5.6599 6.2538 6.6837 7.0167
2003 3.6005 4.5621 5.5876 6.2275 6.6896 7.0481
2004 3.9870 5.0446 6.1320 6.7836 7.2457 7.6023
2005 3.8545 4.8918 5.9737 6.6298 7.0961 7.4571
2006 3.8884 4.9292 6.0204 6.6797 7.1504 7.5161
2007 3.9730 5.0185 6.1174 6.7806 7.2531 7.6201

Note: coagg[d]km is the logarithm of the number of cross-industry firms that are located within the
dkm buffer. dkms include 5, 10, 20, 30,40, and 50kms.
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Figure 5.4: The trend of firm-level coagglomeration

Note: coagg[d]km is the logarithm of the number of cross-industry firms that are located within the dkm
buffer. dkms include 5, 10, 20, 30,40, and 50kms. The average of coagg[d]km per year and their trend are
displayed in this figure. The value of firm-level within-industry agglomeration increases when the radius
grows from 5km to 50km.

Table 5.21 illustrates the summary statistics of variables used in the following regressions.

The following estimations use the sample only containing firms that have not moved to

other counties during the sample period in order to mitigate the endogeneity issue. The

∆coagg[d]km has a much smaller sample size because only firms that exist in the 1998 NBS

dataset are used for counting new entrants.
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Table 5.21: Summary statistics of key variables

Variable Obs Mean Std. dev. Min Max

lpacf 1,713,138 4.0207 1.1795 0.4557 6.9509
ln(highway access) 1,713,185 -1.8129 1.4709 -5.1677 2.3595
lndistance 1,713,185 1.8129 1.4709 -2.3595 5.1677
age 1,641,349 1.8441 0.9613 0 3.8712
state 1,711,471 0.1200 0.3250 0 1
size 1,713,185 8.2416 1.6269 4.12874 12.6446
intermediate ratio 1,663,149 0.6791 0.1525 0.18986 0.9723
labour productivity 1,664,852 3.9011 1.2293 0.37009 6.7766
new product ratio 1,676,700 0.0308 0.1396 0 0.9816
coagg5km 1,713,185 3.8382 1.6258 0 7.3727
coagg10km 1,713,185 4.8060 1.6902 0 7.7698
coagg20km 1,713,185 5.8266 1.6801 1.3863 8.5333
coagg30km 1,713,185 6.4508 1.6453 2.0794 9.1104
coagg40km 1,713,185 6.9011 1.5988 2.5649 9.4455
coagg50km 1,713,185 7.2520 1.5482 2.9957 9.6516
∆coagg5km 217,945 -0.0281 0.6934 -3.6337 3.0425
∆coagg10km 217,945 -0.0183 0.6011 -3.1616 2.7597
∆coagg20km 217,945 -0.0059 0.4737 -2.5069 2.2892
∆coagg30km 217,945 0.0008 0.3893 -2.0571 1.9213
∆coagg40km 217,945 0.0065 0.3353 -1.7579 1.7114
∆coagg50km 217,945 0.0110 0.2942 -1.4733 1.5635

5.6.3 Results for Coagglomeration Channel

Table 5.22 shows the FE-2SLS estimation results for the relationship between highway access

and coagglomeration. Firms that have not moved to other counties during the sample period

are used as the sample in this section. The coefficients of ln(highway access) are all positive

and statistically significant, which means that a 1% change in highway access is associated

with a 0.4% to 1.0% change in coagglomeration of firms in a radius of 5km to 50km, holding

other control variables fixed. This proves that the channel of coagglomeration is valid and

that highways can affect productivity through coagglomeration.

Table 5.23 displays the results after adding coagglomeration in the FE-2SLS estimations. The

coefficient of ln(highway access) variable is statistically significant but reduces by about 1/3

and more after adding coagglomeration captured by different radii. This further supports the

view that coagglomeration is a strong channel.
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Table 5.22: The effects of highway access on coagglomeration

∆coagg5 ∆coagg10 ∆coagg20 ∆coagg30 ∆coagg40 ∆coagg50
(1) (2) (3) (4) (5) (6)

Second stage of FE-2SLS
Dependent variable: coagglomeration with different radii
ln(highway access) 1.0166*** 0.9461*** 0.7543*** 0.6074*** 0.4901*** 0.4019***

(0.007) (0.006) (0.005) (0.004) (0.004) (0.003)
intermediate ratio 0.0058 0.0137 0.0101 0.0065 0.0035 -0.0029

(0.011) (0.009) (0.008) (0.006) (0.005) (0.005)
labour productivity 0.0035** 0.0068*** 0.0067*** 0.0063*** 0.0054*** 0.0037***

(0.002) (0.001) (0.001) (0.001) (0.001) (0.001)
new product ratio 0.0557*** 0.0528*** 0.0501*** 0.0439*** 0.0395*** 0.0393***

(0.009) (0.008) (0.007) (0.006) (0.005) (0.004)
age 0.0605*** 0.0459*** 0.0331*** 0.0269*** 0.0230*** 0.0210***

(0.003) (0.002) (0.002) (0.001) (0.001) (0.001)
state 0.0678*** 0.0659*** 0.0636*** 0.0573*** 0.0541*** 0.0524***

(0.009) (0.008) (0.006) (0.005) (0.005) (0.004)
size 0.0103*** 0.0117*** 0.0124*** 0.0114*** 0.0105*** 0.0100***

(0.002) (0.001) (0.001) (0.001) (0.001) (0.001)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES

Observations 1,408,562 1,408,562 1,408,562 1,408,562 1,408,562 1,408,562
Number of panel id 362,152 362,152 362,152 362,152 362,152 362,152
Underidentification test 13480 13480 13480 13480 13480 13480
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 26401 26401 26401 26401 26401 26401

Note: The dependent variable is coagglomeration with a radius of 5km to 50km. The instrument for highway
access in FE-2SLS is the LCP IV. Standard errors clustered at the firm level are displayed in parentheses. *,**
and *** mean the coefficient is significant at the 10%, 5% and 1% levels respectively.
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Table 5.23: Coagglomeration channel

(1) (2) (3) (4) (5) (6) (7)
Second stage of FE-2SLS
Dependent variable:lnTFP (LP-ACF)

ln(highway access) 0.0189*** 0.0109*** 0.0061** 0.0048 0.0057* 0.0066** 0.0088***
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

coagg5km 0.0079***
(0.001)

coagg10km 0.0136***
(0.001)

coagg20km 0.0188***
(0.002)

coagg30km 0.0219***
(0.002)

coagg40km 0.0252***
(0.002)

coagg50km 0.0254***
(0.002)

age 0.0206*** 0.0201*** 0.0200*** 0.0200*** 0.0200*** 0.0200*** 0.0201***
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

state -0.0756*** -0.0762*** -0.0765*** -0.0768*** -0.0769*** -0.0770*** -0.0769***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

size -0.0322*** -0.0323*** -0.0323*** -0.0324*** -0.0324*** -0.0325*** -0.0324***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Year FE YES YES YES YES YES YES YES
Region FE YES YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES YES

Observations 1,477,395 1,477,395 1,477,395 1,477,395 1,477,395 1,477,395 1,477,395
Number of panel id 377,651 377,651 377,651 377,651 377,651 377,651 377,651
Underidentification test 29779 27232 25836 25338 26033 27014 27947
p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 51985 43824 40106 38250 39392 41319 43227

Note: The dependent variable is lnTFP, measured by the LP ACF-correction method. The instrument for high-
way access in FE-2SLS in Columns 3 and 4 is the LCP IV.
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5.6.4 New Entrants

This section uses new entrants to capture coagglomeration since 1998. In order to evaluate

the causal relationship between highways and new entrants, this study uses the LCP IV with

NEN target nodes for highway access. Table 5.24 displays the second stage of FE-2SLS

results with the dependent variables of change in coagglomeration. The number of firms’

coagglomeration in the radii is the benchmark, the difference between the benchmark and

the number of firms afterwards is used to construct firm-level coagglomeration. In Table

5.24, the positive and significant coefficients of ln(highway access) indicate that highways

attract new firms or increase relocated firms, which stimulates coagglomeration. For a radius

of 10km, the elasticity of new entrants with respect to highway access is 0.8136, while the

larger the radius, the smaller the coefficients of ln(highway access).

Table 5.24: The effects on new entrants with IV

∆coagg5 ∆coagg10 ∆coagg20 ∆coagg30 ∆coagg40 ∆coagg50
(1) (2) (3) (4) (5) (6)

Second stage of FE-2SLS
Dependent variable: change in coagglomeration
ln(highway access) 0.8914*** 0.8136*** 0.6182*** 0.4735*** 0.3729*** 0.2953***

(0.015) (0.013) (0.009) (0.008) (0.006) (0.005)
intermediate ratio -0.0811*** -0.0930*** -0.0864*** -0.0783*** -0.0788*** -0.0835***

(0.029) (0.025) (0.019) (0.015) (0.013) (0.011)
labour productivity -0.0131*** -0.0133*** -0.0127*** -0.0125*** -0.0138*** -0.0148***

(0.005) (0.004) (0.003) (0.002) (0.002) (0.002)
new product ratio -0.0165 -0.0214 -0.0109 -0.0009 0.0036 0.0035

(0.031) (0.027) (0.021) (0.017) (0.014) (0.012)
age 0.0509*** 0.0424*** 0.0281*** 0.0222*** 0.0183*** 0.0156***

(0.010) (0.008) (0.006) (0.005) (0.004) (0.004)
state 0.0429** 0.0403** 0.0288** 0.0204** 0.0194** 0.0153**

(0.019) (0.017) (0.013) (0.010) (0.009) (0.007)
size -0.0119** -0.0122** -0.0105*** -0.0065** -0.0059** -0.0050**

(0.006) (0.005) (0.004) (0.003) (0.002) (0.002)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES

Observations 166,927 166,927 166,927 166,927 166,927 166,927
Number of panel id 68,518 68,518 68,518 68,518 68,518 68,518
Underidentification test 3781 3781 3781 3781 3781 3781
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 8292 8292 8292 8292 8292 8292

Note: This table presents the second stage of the FE-2SLS estimator. The dependent variable is ∆ coagglom-
eration with different radii from 5km to 50km. The instrument for highway access in FE-2SLS is the LCP IV
with NEN target nodes.
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5.6.5 Robustness Checks: without Targeted Cities

As explained above, access to highways for firms in the targeted cities is not a randomprocess.

This section excludes firms in targeted cities to investigate the relationship between highways

and firm-level productivity through the channel of coagglomeration.

Table 5.25 shows the second stage of FE-2SLS results for firms that are not in the targeted

cities in the NTHS plan. The estimated coefficients of the highway variable are all posit-

ive and statistically significant, which indicates that highways increase coagglomeration of

firms even in non-targeted cities. Compared with Table 5.24, the highway elasticity is slightly

smaller, which indicates that for firms in non-targeted cities, the effects of highway access

on new entrants are only slightly smaller.

Table 5.25: The effects of highway access on coagglomeration without targeted cities

∆coagg5 ∆coagg10 ∆coagg20 ∆coagg30 ∆coagg40 ∆coagg50
(1) (2) (3) (4) (5) (6)

Second stage of FE-2SLS
Dependent variable: change in coagglomeration
ln(highway access) 0.7009*** 0.6492*** 0.5122*** 0.4039*** 0.3341*** 0.2793***

(0.016) (0.014) (0.011) (0.009) (0.008) (0.007)
intermediate ratio -0.1600*** -0.1675*** -0.1497*** -0.1633*** -0.1592*** -0.1629***

(0.044) (0.039) (0.030) (0.025) (0.022) (0.020)
labour productivity -0.0321*** -0.0293*** -0.0257*** -0.0281*** -0.0302*** -0.0319***

(0.007) (0.006) (0.005) (0.004) (0.004) (0.003)
new product ratio -0.0491 -0.0210 0.0045 0.0203 0.0208 0.0255

(0.062) (0.056) (0.044) (0.037) (0.033) (0.029)
age 0.0332** 0.0224* 0.0057 0.0072 0.0078 0.0054

(0.014) (0.012) (0.009) (0.008) (0.007) (0.006)
state 0.0372 0.0396* 0.0164 0.0045 0.0053 0.0040

(0.027) (0.024) (0.019) (0.016) (0.013) (0.012)
size 0.0008 -0.0026 -0.0021 -0.0009 -0.0020 -0.0005

(0.009) (0.007) (0.006) (0.005) (0.004) (0.004)
Year FE YES YES YES YES YES YES
Region FE YES YES YES YES YES YES
Industry FE YES YES YES YES YES YES

Observations 61,361 61,361 61,361 61,361 61,361 61,361
Number of panel id 25,080 25,080 25,080 25,080 25,080 25,080
Underidentification test 1810 1810 1810 1810 1810 1810
p-value 0.000 0.000 0.000 0.000 0.000 0.000
Weak identification test 5604 5604 5604 5604 5604 5604

Note: This table presents the second stage of the FE-2SLS estimator. The sample is the firms in non-targeted
cities in the NTHS plan. The dependent variable is coagglomeration with radii of 5km to 50km. The instrument
for highway access in FE-2SLS is the LCP IV.
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5.7 Export Channel

5.7.1 Hypothesis Development

Regarding the mechanism of export, the reduction in transport costs may lead to export, and

the learning-by-exporting effect in turn increases firm productivity. We investigate the causal

relationship between highway and export, but the relationship between export and productiv-

ity according to the literature is more complex, and there are selection effects and learning-

by-exporting effects. With the selection effect, highways may attract more productive firms

to export. Since this chapter investigates the effects of highways on productivity through the

export channel, learning-by-exporting is more emphasized in this mechanism analysis. This

section summarizes the literature that supports the learning-by-exporting effect and some

literature about the positive relationship between transport infrastructure and export. Thus

the hypothesis is that with the learning-by-exporting effect for Chinese firms better highway

access leads to more exporting activities, which then increases firm productivity.

Export and Productivity. The relationship between exports and productivity has been ex-

tensively examined from both theoretical and empirical viewpoints. A foundational theor-

etical study by Melitz (2003) presents a dynamic model of international trade and export

decision-making involving heterogeneous firms. This model investigates firms’ decisions re-

lated to market entry, exit, exporting, and foreign direct investment (FDI) through two main

effects: the self-selection effect and the learning-by-exporting effect. The self-selection effect

posits that firms with higher productivity are more likely to enter export markets, while less

productive firms either stay in the domestic market or exit entirely if they are the least pro-

ductive. Melitz (2003) also argues that trade induces intra-industry competition and realloc-

ates resources towards more productive firms, thus enhancing aggregate industry productiv-

ity. This process, termed the learning-by-exporting effect, improves industry productivity as

more efficient firms expand.
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Empirical research on export-related productivity examines whether firms are more product-

ive before or after entering export markets. Some studies argue that only the most productive

firms can engage in international competition (Clerides et al. 1998, Bernard & Jensen 1999,

Delgado et al. 2002, Isgut 2001), while others suggest that exporting can enhance productivity

(Van Biesebroeck 2005, Greenaway et al. 2008).

Research supporting self-selection effects shows that more productive firms are more likely

to export. Bernard et al. (1995) find that US exporters, who are more productive and larger,

dominate manufacturing activity. Similarly, Clerides et al. (1998) find that more productive

firms become exporters, with no significant cost impacts from previous exporting activities.

Greenaway & Kneller (2004) and Greenaway & Yu (2004) provide UK data showing that

more productive firms enter export markets and suggest focusing on firm development rather

than subsidies. Alvarez & López (2005) find evidence of both self-selection and learning-by-

exporting in Chile. Aw et al. (2000) observe that Taiwanese firms exhibit both self-selection

and learning-by-exporting, while South Korean firms show weaker effects, possibly due to

high entry costs and significant government subsidies. They note that knowledge spillovers

from exporters might also obscure learning effects.

Evidence for learning-by-exporting is evident, particularly in less developed countries. Wag-

ner (2007) find mixed results across 34 countries, which may reflect varying development

stages andmethodologies. For instance, VanBiesebroeck (2005) highlights learning-by-exporting

in sub-Saharan Africa, and De Loecker (2007) provides strong evidence of productivity gains

for Slovenian firms starting to export. Loecker (2013) suggests that the impact is not uniform

and Blalock & Gertler (2004) find that plants appear to have about a 2% to 5% increase

in productivity following the beginning of exporting. In Colombia, Isgut (2001) finds that

exporters experience faster productivity growth over five years compared to non-exporters.

Baldwin &Gu (2003) report faster productivity growth for Canadian exporters, with stronger

effects for younger and domestic firms.

With respect to the learning-by-exporting effect in China, most literature supports this effect

in Chinese export firms. Kraay (1999) finds significant performance improvements for es-

tablished Chinese exporters, though effects for new entrants are less clear, potentially due to

preferential access to foreign exchange. Van Biesebroeck (2014) finds improved performance
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for Chinese SMEs post-export entry and explains that exporting provides a way for firms to

expand their sales without the need to extend additional trade credit. Lin (2015) shows that a

1% increase in exporting boosts total factor productivity by 0.04%. Yang & Mallick (2010)

confirm evidence for export premium, self-selection, and learning-by-exporting, with addi-

tional productivity gains particularly evident for new entrants in their second year.

Transport and Export. Empirical research consistently highlights that improved transport

infrastructure reduces travel costs and boosts export activity. Liu et al. (2023) examine the

impact of highway access on firm-level exports using data from 2000 to 2006, including

firm-level information, export data, and GIS highway data. They measure highway access by

the proximity of firms to highways and the length of surrounding highways. Their analysis,

based on Melitz (2003) and Chaney (2008), shows that better highway access increases firm

exports, particularly for less productive firms.Guo & Yang (2019) investigate the effect of

transport infrastructure on exports using a stochastic frontier gravity model and data from

China and abroad (2006-2012). They find that improved transport accessibility, measured by

distances from cities to export ports, enhances trade efficiency by lowering transport costs.

Coşar & Demir (2016) assess the impact of highway upgrades on trade flows from Turk-

ish provinces to international gateways. Their study, spanning 2003 to 2012, finds that in-

creased road capacity significantly boosts trade flows and reduces transport costs by up to

70% when single carriageways are upgraded to highways. Martincus & Blyde (2013) use the

2010 Chilean earthquake as a natural experiment to study the effect of transport infrastruc-

ture disruption on exports. Their analysis of firm-level data from 2008 to 2011 shows that

damaged transport infrastructure markedly decreases exports.

In summary, the above literature shows that better transport infrastructure, particularly high-

ways, improves export performance by lowering travel costs and enhancing trade efficiency.

Studies have found that better highway access increases exports, especially for less product-

ive firms (Liu et al. 2023). Moreover, the learning-by-exporting effect is significant in vari-

ous contexts, including Chinese firms, where increased exporting activity has been linked to

higher productivity (VanBiesebroeck 2014, Lin 2015). Based on this evidence, the hypothesis

is that for Chinese firms, improved highway access leads to increased exporting activities,

which subsequently enhances firm productivity.
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5.7.2 Summary Statistics of Export Channel

This section investigates the effect of highway access on firm TFP through the channel of

export. The above literature review shows that the learning-by-exporting effect in China is

predominant (Kraay 1999, Van Biesebroeck 2014, Dai & Yu 2013, Lin 2015, Yang &Mallick

2010). With the evidence from the literature on learning-by-exporting in China, this section

further investigates whether highway access facilitates exports in China.

This study uses matched customs data and the NBS firm-level data from 2000 to 2006 to

investigate the mechanism of trade. The transaction-level export value of firms from the

Chinese General Administration of Customs is collected and added up to give the annual

value of each exporter. The Chinese Customs dataset collects transaction-level exports and

imports. It explicitly contains the categories of products, the values and unit price, trade re-

gime, port information, the destination, shipment method, firm information, etc. Products

are classified according to the eight-digit Harmonized System. The trade regime information

makes the processing or ordinary trade visible in order to study this heterogeneous feature.

The Customs dataset provides monthly import and export information for firms. The monthly

data are aggregated into annual import and export values for each firm. Following Yu (2015)

and Ding, Jiang & Sun (2016), the trade intermediaries are removed from the sample. The

customs dataset and the ASIF dataset can be merged mainly with the firm name, postcode,

phone number and firm address are used when the firm name does not match. The currency

unit of export and import value in the custom data is US dollars, while the currency unit

of intermediate inputs and output in the ASIF dataset is Chinese yuan. This study uses the

annual central parity rate USD/CNY as a concordance.

The merged data statistics are shown in Table 5.26. The sample period is from 2000 to 2006.

The merge ratio is calculated as the number of exporting firms in the merged NBS and cus-

toms dataset divided by that in the NBS dataset, which is around 60%. The percentage of

firms that are matched has an overall increasing trend from 2000 to 2006. Compared with the
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number of exporters in the NBS dataset, the Customs dataset contains a much greater number

of exporters. The Customs dataset has the advantage that it collects the transaction-level data

of all sizes of firms, while the NBS dataset only collects information on firms whose sales

are above a certain threshold.

Table 5.26: Merged data from Customs and NBS datasets

year Custom NBS Merged (export)
Obervations Obervations Export Merged percent

2000 65210 135099 35764 51% 18223
2001 69827 144325 39084 54% 21161
2002 83456 155178 43492 58% 25269
2003 100630 172754 49585 62% 30896
2004 123996 232473 73201 58% 42360
2005 158111 242129 72752 65% 47061
2006 162644 269734 76721 67% 51302
Total 763874 1351692 390599 60% 236272

Notes: The customs dataset and the NBS dataset can be merged mainly with firm name, supple-
mented by postcode, phone number and firm address. The Customs dataset provides monthly
import and export information for firms. The monthly data are aggregated into annual import
and export values for each firm.

Processing exporters are required to sell all their products to the international market (export

is the total revenue) and have duty exemption import. Processing trade means assembling

imported inputs into final goods for resale in export markets. This section assigns firms that

only deal with processing trade as processing exporters, and firms that are only involved in

ordinary trade as ordinary exporters.

The trends for the share of processing and ordinary exporters are illustrated in Figure 5.5. The

share of firms that are engaged in both processing and ordinary is not shown in this figure.

The share of processing exporters decreased gradually from 2000 to 2006 in China, while the

share of processing exporters increased by one-third over the sample period.
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Figure 5.5: The trend of processing and ordinary exporters

Note: Firms that only deal with processing trade are regarded as processing exporters in this figure, and firms
that are only involved in ordinary trade are regarded as ordinary exporters, but state the rule can be relaxed.

5.7.3 Results for Export Channel

Tables 5.27 and 5.28 display the results when regressing export value on highway access. Pro-

cessing exporters import materials free of tariffs and sell their output abroad. Using firm-level

data from 2000 to 2005 Dai et al. (2016) find that processing exporters in China are associated

with low productivity. They indicate that processing exporters are less productive than non-

processing exporters and nonexporters. Processing exporters benefit from low fixed costs for

exporting processed goods and beneficial industrial policies. Additionally, processing firms

are more likely to be located near ports in coastal areas, and may take less advantage of high-

way access compared with other firms. Thus, we split the samples into processing exporters

and non-processing firms to investigate the heterogeneous effect of highways on exports.

Table 5.28 displays the second-stage results for the FE-2SLS estimation on the effect of high-

way access on export. The results indicate that highway access increases export activities for

exporters, which is consistent with the results of Liu et al. (2023) who also find that highway

density positively promotes exports with the IV of the average gradients of the surface.
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Table 5.27: Export channel

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

All Processing Only Ordinary Only Both
Dependent variable:ln(export+1)

ln(highway access) 0.0218*** 0.0174 0.0100 0.0041
(0.005) (0.011) (0.008) (0.006)

age 0.1051*** 0.2780*** 0.0899*** 0.1267***
(0.011) (0.031) (0.015) (0.014)

SOE -0.1297*** -0.0892 -0.0963** -0.0756**
(0.031) (0.099) (0.042) (0.037)

size 0.2478*** 0.1629*** 0.2061*** 0.1948***
(0.007) (0.016) (0.010) (0.009)

Year FE Yes Yes Yes Yes
N 231343 37209 122415 71719
r2_a .1118 .03082 .1543 .1319

Note: The dependent variable is ln(export+1). Column 2 presents the results for processing
firms. Column 3 displays results for firms that are only involved in ordinary trade. Column 4
reports results for firms that participate both in processing and ordinary trade.

Table 5.28: Export channel with IV

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

All Processing Only Ordinary Only Both
Second stage of FE-2SLS
Dependent variable:ln(export+1)

ln(highway access) 0.0409* 0.4476* 0.0186 0.0544*
(0.024) (0.257) (0.030) (0.029)

age 0.1051*** 0.2614*** 0.0900*** 0.1258***
(0.010) (0.030) (0.013) (0.012)

SOE -0.1303*** -0.0476 -0.0969** -0.0752**
(0.028) (0.096) (0.040) (0.035)

size 0.2476*** 0.1679*** 0.2060*** 0.1948***
(0.006) (0.014) (0.009) (0.008)

Year FE Yes Yes Yes Yes
Observations 206,377 30,609 104,704 60,457
Underidentification test 1260 10.33 845.1 309.6
p-value 0.000 0.000 0.000 0.000
Weak identification test 1513 10.31 1168 358.7

Note: The instrument for highway access in FE-2SLS is the LCP IV with NEN target nodes.
Year fixed effect is included. The dependent variable is ln(export+1). For the panel data ana-
lysis from 2000 to 2006. Column 2 presents the results for processing firms. Column 3 displays
results for firms that are only involved in ordinary trade. Column 4 reports results for firms that
participate both in processing and ordinary trade.
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Regarding the results for processing exporters, the coefficient of the highway variable is

positive but owning to the sample size, the LCP IV is weaker. The elasticity of exports for

the whole merged sample with respect to highway access is 0.0409. Additionally, for firms

that participate both in processing and ordinary trade, the elasticity of exports with respect to

highway access is 0.0544. Liu et al. (2023) find that for less productive exporters, the benefits

of highway access on exports are greater. They explain that more highway access results

in lower markups for less productive exporters, whereas markups rise for more productive

exporters. Since processing exporters are less productive than non-processing exporters (Dai

et al. 2016) and less productive exporters are associated with stronger highway access effects,

this explains why the effects of highways on processing exporters are stronger in this study.

Table 5.29 presents the effect of highway access on exports for firms in different areas and

firms with different ownership. The effects of highway access on exports are significant for

foreign firms. When splitting the sample into coastal and inland areas, the coefficients of the

highway variable are insignificant.

Table 5.29: Export channel with different ownership and areas with IV

Ownership Area

Foreign Private SOE Coastal Inland
(1) (2) (3) (4) (5)

Second stage of FE-2SLS
Dependent variable:ln(export+1)
ln(highway access) 0.2498** 0.0209 -0.0993 0.0511 0.0251

(0.100) (0.046) (0.067) (0.032) (0.033)
age 0.2977*** 0.0997*** 0.0722 0.1234*** 0.0404

(0.023) (0.019) (0.046) (0.010) (0.025)
SOE -0.1367*** -0.0719

(0.034) (0.054)
size 0.1973*** 0.2535*** 0.1471*** 0.2528*** 0.1991***

(0.011) (0.014) (0.047) (0.006) (0.020)
Year FE Yes Yes Yes Yes Yes
Observations 50,507 47,008 10,252 183,994 22,380
Underidentification test 60.88 404.2 125.8 844.4 415.9
p-value 0.000 0.000 0.000 0.000 0.000
Weak identification test 63.22 572.6 192.9 940.4 679.6

Note: This table presents the second stage of the FE-2SLS estimator. The instrument for highway access
in FE-2SLS is the LCP IV with NEN target nodes. Year fixed effect is included. The dependent variable is
ln(export+1). Columns 1-3 show the effect of highway access on exports for firms with different types of
ownership, while columns 4 and 5 show this effect for firms in different areas.
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5.7.4 Robustness Checks: Export channel with Transport Time

This section constructs the variable called access to port, which is the travel time from firms

to port through the road network, where the road network is time-variant with time-variant

highways and the primary and secondary roads in 2000 in China.

Figure 5.6: Firms’ transport costs to port

Figure 5.6 provides an example of the routes from a firm to a port with the least transport

cost. The blue lines are highways in 2002, and the grey lines are the primary and secondary

roads in China in 2000. The speed limit for highways, primary roads and secondary roads are

120km/h, 80km/h, and 60km/h, respectively. In ArcGIS, a rank is set for choosing highways

first and secondary roads last because the time cost for primary and secondary roads is higher

due to traffic lights and junctions.

The regression equation with access to port as the independent variable is

lnexpit = σ0 +β2 port accessit + τ2Controlsit +δi +σt + εit (5.11)

where port accessit isminus the logarithm of transport time, port accessit =−ln(transport time).

TheControlsit include the firm age, size and SOE.
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Table 5.30 displays the results when regressing the export value on port access. The coef-

ficient of port access on export is positive and statistically significant at the 10% level in

Column 1, and port access elasticity is 0.0818. For processing exporters as shown in Column

2, a 1% change in port access increases exports by 0.2550%. The results indicate that with

the upgrade of highways, lower transport time increases exporting. The results are consistent

with using highway access as the independent variable.

Table 5.30: Export channel with port access as independent variable

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

All Processing Only Ordinary Only Both
Second stage of FE-2SLS
Dependent variable:ln(export+1)

port access 0.0818* 0.2550* 0.0523 0.0850*
(0.047) (0.137) (0.083) (0.044)

age 0.1043*** 0.2844*** 0.0891*** 0.1247***
(0.010) (0.027) (0.013) (0.012)

SOE -0.1301*** -0.0785 -0.0929** -0.0757**
(0.029) (0.090) (0.040) (0.035)

size 0.2480*** 0.1618*** 0.2061*** 0.1943***
(0.006) (0.013) (0.009) (0.008)

Year FE Yes Yes Yes Yes
Observations 205,672 30,562 104,330 60,189
Underidentification test 800.6 67.56 383.4 228.3
p-value 0.000 0.000 0.000 0.000
Weak identification test 896.9 75.21 417.2 263

Note: The instrument for port access in FE-2SLS is the LCP IV with NEN target nodes. Year fixed
effect is included. The dependent variable is ln(export+1). Column 2 presents the results for processing
firms. Column 3 displays results for firms that are only involved in ordinary trade. Column 4 reports
results for firms that participate both in processing and ordinary trade.

Table 5.31 presents the effect of port access on exports for firms in different areas and firms

with different ownership. The results are consistent with those using highway access as the

independent variable. With more completed highways, the lower transport time to a nearby

port increases the exports of foreign firms.
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Table 5.31: Export channel with different ownership and areas

Ownership Area

Foreign Private SOE Coastal Non-costal
(1) (2) (3) (4) (5)

Second stage of FE-2SLS
Dependent variable:ln(exp+1)
port access 0.2841** 0.0567 -0.2900 0.0728 0.3461

(0.110) (0.116) (0.196) (0.044) (0.461)
age 0.3150*** 0.0982*** 0.0673 0.1227*** 0.0413*

(0.023) (0.019) (0.046) (0.010) (0.025)
SOE -0.1376*** -0.0752

(0.034) (0.054)
size 0.1981*** 0.2542*** 0.1428*** 0.2534*** 0.1986***

(0.011) (0.014) (0.048) (0.006) (0.020)
Year FE Yes Yes Yes Yes Yes
Observations 50,400 46,930 10,113 183,347 22,322
Underidentification test 118.9 184.3 86.30 740 148.6
p-value 0.000 0.000 0.000 0.000 0.000
Weak identification test 130.9 211.5 91.62 852.8 165.2

Note: The instrument for highway access in FE-2SLS is the LCP IV. Year fixed effect is included. The
dependent variable is ln(export+1). Columns 1-3 show the effect of highway access on exports for firms
with different types of ownership, while columns 4 and 5 show this effect for firms in different areas.

5.8 Innovation Channel

5.8.1 Hypothesis Development

Highways can also facilitate innovation with easier connections between firms for knowledge

spillovers. Innovation is an important driver of firm productivity. Thus this channel is worth

investigating and it is hypothesized that better highway access brings knowledge spillovers,

which in turn stimulates firm productivity.

There is some evidence that highways can improve innovation. Agrawal et al. (2017) invest-

igate the impact of inter-state highways on regional innovation using historical data related to

planned highways, railways, and exploration routes as sources of exogenous variation. They

select 268 Metropolitan Statistical Areas (MSAs) defined in 1993 by the U.S. Office of Man-
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agement and Budget. Detailed U.S. patenting activity data are obtained from the U.S. Patent

and Trademark Office (USPTO), which includes information on the affiliation and location

of patenting inventors in a region. Using the address information of inventors, patents were

assigned to their respective MSAs.

In terms of dependent variables, Agrawal et al. (2017) measure innovative activity using a

citation-weighted count of U.S. patents. They also consider an unweighted patent count as an

additional metric of innovation. For their main explanatory variable, they use the total number

of kilometres of interstate highway in the region in 1983. This information is gathered from

the Highway Performance and Monitoring System data. They then use the distances between

cities/towns within an MSA to conduct their analysis of local knowledge flows. They find

that a 10% increase in a region’s stock of highways leads to an approximate 1.7% increase in

regional patenting over a five-year period. This is significant, being comparable to an over

3% increase in regional corporate R&D investments.

Their research also uncovers a mechanism by which transportation infrastructure stimulates

innovation by facilitating local knowledge flows and enhancing the probability of innovat-

ors accessing knowledge inputs from more distant local sources. This finding broadens the

understanding beyond traditional views that infrastructure development promotes innovation

predominantly through agglomeration economies.

Zeng et al. (2022) investigate the spillover effect of highway connection on firm-level pro-

ductivity in China, arguing that highways overcome localization of knowledge by facilitating

the flow of ideas, information, and talent across regions, consequently improving firm pro-

ductivity. The paper also explores how innovation mediates the relationship between trans-

port infrastructure and productivity, providing a new perspective in the discourse of economic

geography.
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Zeng et al. (2022) use the ASIF dataset from 1998 to 2007 in China. The explanatory vari-

able, highway accessibility, is a dummy variable indicating whether the county where the

firm is located is connected to highway systems in a given year. The innovation performance

is measured by the new product output value of a firm. Their results show a positive cor-

relation between connection to highways and firm productivity. This relationship is found

to be mediated by innovation performance. Furthermore, the mediating effect is stronger in

regions with higher levels of market liberalization and more developed intermediaries.

5.8.2 Results for Innovation Channel

Zeng et al. (2022) investigate the spillover effect of highway connections on firm-level pro-

ductivity in China through the innovation channel, arguing that highways overcome localiz-

ation of knowledge by facilitating the flow of ideas, information, and talent across regions,

consequently improving firm productivity.

The effects of highways on innovation are heterogeneous. Ding, Sun & Jiang (2016) indic-

ate that owing to competition, firms’ performances are different. Firms that are close to the

world technology frontier or far away from the frontier behave differently on innovation and

growth when facing import competition. They use US labour productivity as the world tech-

nology frontier and compare it with Chinese labour productivity to capture the distance to the

technology frontier. This study splits the sample into high and low TFP to check the hetero-

geneity. Firms with higher labour productivity are expected to be involved in more innovative

activities, and highways may facilitate their innovation more.

Table 5.32 uses the patent as the proxy for innovation. The FE-2SLS estimation results using

all patents, invention patents, utility patents, and design patents are shown in Columns (1)

to (4), respectively. The coefficients for highway access on patents are insignificant, except

for the design patents. However, design patents only cover small-scale innovations, which

cannot by themselves properly represent innovation. Thus, the results indicate that highways

do not promote innovation when using the patent as the proxy for innovation.

214



5. The Effects of Highway Access on Firm Productivity Innovation Channel

Table 5.33 indicates the FE-2SLS estimation results with the dependent variable called new

product ratio, which is used to capture innovation. Columns 2 and 3 use the sub-samples

of high labour productivity firms and low labour productivity firms respectively. The coef-

ficients for highway access on new product share are positive and statistically significant,

which indicates that highway increases innovation activities. Thus innovation is a channel

for the effects of highways on firm TFP. This result is consistent with that of Zeng et al.

(2022), who also use new products to measure innovation. However, this study also uses

patents as the proxies for innovation, and the coefficients for highway access on patents are

insignificant.

Table 5.33 also shows that for firms with higher labour productivity, the effects of highways

are statistically significant, while the low labour productivity firms cannot stimulate innova-

tion through better highway access. This indicates that firms with higher labour productivity

can facilitate their innovation through highway access. Firms with higher labour productivity

have more skilled workers, and highway access increases the knowledge spillovers for those

firms with less transport time and easier communications.

Table 5.32: Innovation channel-patents

Dependent variable patent

All invention utility design
(1) (2) (3) (4)

Second stage of FE-2SLS
ln(highway access) 0.0018 -0.0005 -0.0008 0.0008**

(0.002) (0.000) (0.001) (0.000)
age -0.0050*** -0.0012*** -0.0019*** -0.0004**

(0.001) (0.000) (0.000) (0.000)
SOE 0.0030 0.0012 0.0036** 0.0003

(0.004) (0.001) (0.002) (0.001)
size 0.0186*** 0.0033*** 0.0065*** 0.0027***

(0.001) (0.000) (0.000) (0.000)
Year FE Yes Yes Yes Yes
Observations 1,669,826 1,669,826 1,669,826 1,669,826
Underidentification test 31296 31296 31296 31296
p-value 0.000 0.000 0.000 0.000
Weak identification test 47604 47604 47604 47604

Note: The dependent variables are the innovation measurements constructed by patent data. The instru-
ment for highway access in FE-2SLS is the LCP IV with NEN target nodes. The results for innovation
measured by all patents, invention patents, utility patents, and design patents are presented in Columns
(1) to (4).
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Table 5.33: Innovation channel-new product ratio

(1) (2) (3)
VARIABLES All high labour productivity low labour productivity

Second stage of FE-2SLS
Dependent variable: new product ratio
ln(highway access) 0.0011** 0.0022** 0.0003

(0.001) (0.001) (0.001)
age -0.0012*** -0.0015*** -0.0016***

(0.000) (0.000) (0.000)
state 0.0032*** 0.0046*** 0.0018

(0.001) (0.001) (0.002)
size 0.0041*** 0.0042*** 0.0043***

(0.000) (0.000) (0.000)
Year FE YES YES YES

Observations 1,459,977 699,218 616,433
Number of panel id 409,969 218,769 198,323
Underidentification test 18145 7030 7773
p-value 0.000 0.000 0.000
Weak identification test 26761 9708 12394

Note: This table presents the FE-2SLS estimation results with the dependent variable being the new product
ratio, which serves as a measure of innovation. Columns 2 and 3 use sub-samples of firms with high and
low labour productivity, respectively. The instrument for highway access in FE-2SLS is the LCP IV with
NEN target nodes.

Table 5.34 presents the IV estimation results for the heterogeneity based on ownership. Columns

1, 2, and 3 uses the interaction term between highways and foreign-owned, private-owned

and state-owned dummies, respectively. The estimated coefficient for the interaction term

between highway and foreign ownership is positive and statistically significant, while the

other two interaction terms are insignificant. The results indicate that for firms with foreign

ownership, highways facilitate innovation more. Since innovation intuitively improves firm

productivity, this further indicates that through the innovation channel, highways affect the

productivity of firms with foreign ownership.
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Table 5.34: Innovation channel with different ownership

(1) (2) (3)

Second stage of FE-2SLS
Dependent variable: new product ratio

ln(highway access) 0.0010* 0.0013** 0.0013**
(0.001) (0.001) (0.001)

Interaction_highway_foreign 0.0034**
(0.002)

foreign 0.0041**
(0.002)

Interaction_highway_private -0.0006
(0.001)

private -0.0018*
(0.001)

Interaction_highway_state -0.0008
(0.001)

state 0.0017
(0.002)

age -0.0012*** -0.0011*** -0.0013***
(0.000) (0.000) (0.000)

size 0.0042*** 0.0042*** 0.0041***
(0.000) (0.000) (0.000)

Year FE Yes Yes Yes
Observations 1,462,382 1,450,929 1,459,977
Underidentification test 4538 17984 17236
p-value 0.000 0.000 0.000
Weak identification test 2415 13270 12021

Note: This table presents the IV estimation results for heterogeneity based on ownership. Columns 1,
2, and 3 use the interaction term between highways and dummy variables for foreign-owned, private-
owned, and state-owned firms, respectively. The instrument for highway access in FE-2SLS is the LCP
IV with NEN target nodes.

5.9 Conclusion
This chapter has investigated the effects of highway access on firms’ TFP. Different methods

have been examined to construct TFP, including the OLS, FE, OP, OP-ACF, LP, LP-ACF,

and Wooldridge estimation. The LP-ACF method with a modification to the timing of input

choices in the LPmethods has been used to capture firms’ TFPwhen investigating the impacts

of highway access. The baseline results generated by the fixed effects model indicate that

highway access is positively associated with firm-level TFP. To mitigate the endogeneity

issue, the LCP IV is used in this chapter. The IV estimation yields consistent results for the

positive effects of highway access on firm productivity.
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Understanding how highways affect productivity is becoming increasingly important, which

inspires this chapter. Highways can have a direct impact on firm-level productivity by im-

proving product transportation efficiency. Additionally, through several channels, highways

can also boost firm productivity. This chapter investigates four channels, including within-

industry agglomeration, coagglomeration, export and innovation. Within-industry agglomer-

ation effects and coagglomeration effects are not the same and have different features and

advantages. Thus it is reasonable to examine them respectively as the channels. Firm-level

agglomeration is the logarithm of the number of firms in the neighbourhood within the radii

including 5, 10, 20, 30,40, and 50kms. Compared with EG industry-level agglomeration, the

firm-level agglomeration index takes into account heterogeneity between firms and avoids

the discontinuous issue in geography.

The mechanism analysis results indicate that highway access affects firm-level productiv-

ity through the within-industry agglomeration and coagglomeration channels. The results are

consistent after only using new entrants as the sample, using employment to calculate the

firm-level agglomeration and dropping big cities in the sample. The changes in the number

of neighbouring firms compared with that of the initial year are used to capture the agglom-

eration of new entrants. This new entrants index captures the fact that highways can attract

new firms to locate near them. The 1% change in highway access is associated with a 0.268 to

0.462% change in within-industry agglomeration, and a 0.4% to 1.0% change in coagglom-

eration of different radii from 5km to 50km, holding other control variables fixed. Moreover,

when ln(TFP) is the dependent variable, the estimated coefficient of highway variable reduces

by about 1/3 after adding the within-industry agglomeration and coagglomeration channels

as controls, which means that these two channels efficiently capture the effects of highways

on firm productivity.

Regarding the export channel, the IV estimation results indicate that highways stimulate

exports. The elasticity of exports with respect to highway access is 0.0409. Then with the

learning-by-exporting effects, highways can increase firm productivity in China. The effects

of highway access on exports are significant for foreign firms, and firms participating in pro-
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cessing trade. This chapter also uses transport time to port through the highway network as

the robustness checks for the export channel. The IV estimation results for port access are

consistent. Additionally, the innovation channel is also valid, especially for firms with higher

labour productivity and firms under foreign ownership.

The limitations of this study are as follows. First, the firm-level agglomeration index is limited

by the fact that only information for medium to large firms is collected by the NBS dataset.

Thus using the number of other firms or the sum of employment in the neighbourhood to

construct the index is not very accurate. Second, firm-level agglomeration is determined by

the number of firms in the given radii rather than the spatial distribution, and thus, it is not

appropriate to aggregate this firm-level agglomeration index to the industry level. Third, this

chapter uses literature to support some channels, such as the learning-by-exporting effect

in China, as it is a heavy task to further empirically examine every chain of the channel

and it is difficult to deal with the endogeneity issue of the relationship between export and

productivity.

This chapter has some policy implications related to improving firm productivity. This study

finds that highway access promotes firm-level productivity through the channel of within-

industry agglomeration and coagglomeration. Industrial zones and special zones can be fully

used with fast access to highways. In these zones where within-industry agglomeration or

coagglomeration between upstream and downstream firms appear, firm productivity is likely

to be increased. Additionally, different types of ownership yield different effects of highways

on productivity, and for firms with higher labour productivity, the effects of highway access

are larger. These findings indicate that the industrial transformation involved in producing

higher quality and more technological products is important, and with these industries, the

positive effects of transport infrastructure can be fully explored.
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5.10 Appendices for Chapter 5

Appendix 5.A Review of Mechanism Analysis Methods

Five mechanism analysis methods are commonly used. This section provides examples and

models for each mechanism analysis method, listed in no particular order.

Table 5.A-1: Five mechanism analysis methods

Step 1 Step 2 Step 3 Description Literature

X→Y X→M Regress Y on X and then regress M on X Levchenko et al., 2009 (JDE)
X→Y X+M→Y Compare the coefficient changes of X Alesina et al., 2011 (AER)

Persico et al., 2004 (JPE)
Holl, 2016 (JUE)
Becker & Woessmann, 2009 (QJE)

X→M M→Y Regress M on X and then regress Y on M Squicciarini, 2020 (AER)
X→Y X→M X+M→Y Mediation analysis Faereng et al., 2021 (JPE)

Criticism: unconvincing results, hard to address Wang and Zhang, 2018 (CER)
the Endogeneity problem of Ms

X*M→Y Use Interaction term
more suited for heterogeneity analysis

Method #1: X → Y,X → M

The mechanism analysis method takes the form of

Y = α0 +α1X +α2Controls1 + ε1 (5.A-1)

M = β0 +β1X +β2Controls2 + ε2 (5.A-2)

Levchenko et al. (2009) employ the impact of financial liberalization (X) on economic growth

(Y ) through the mechanisms of greater entry (increased number of establishments), more

employment, capital accumulation and TFP growth. They first regress economic growth (Y )

on the financial liberalization dummy variable (X). They then regress these channels (M)

on the financial liberalization dummy variable (X), by replacing the dependent variable of

output growth and keeping the same controls.
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Method #2: Compare the Coefficient Changes of X

The second mechanism analysis method uses these steps. The baseline equation regresses

Y on X to investigate their relationship. In order to examine the impact of X on Y through

mechanism M, some literature regresses M on X to confirm that X affects M. Whether this

step is used or not is optional; for instance, Alesina & Zhuravskaya (2011) estimating the

effect of X on M, Persico et al. (2004) and Holl (2016) use previous literature to support their

relationship. Then they regress Y on X and M, and compare the estimated coefficient of X

with that in the baseline estimation. If the estimated coefficient of X changes, the mechanism

is approved.

Y = α0 +α1X +α2Controls+ ε1 (5.A-3)

M = β0 +β1X + ε2(optional,used by some papers) (5.A-4)

Y = σ0 +σ1X +σ2M+σ3Controls++ε3 (5.A-5)

Alesina & Zhuravskaya (2011) examine the relationship between segregation and the quality

of government. They find that more linguistic and ethnic segregation leads to a lower qual-

ity of government and trust is a crucial mechanism. They employ three channels, including

generalized trust, secession threat and ethnic parties. They regress each channel on X to in-

vestigate how X affects each channel. They then regressY on X andM to identify the changes

in the coefficients of X from the baseline model. They find that after adding trust in equation

5.A-5, the coefficient of segmentation changes and becomes insignificant. The coefficient

of trust is statistically significant. When adding the other two channels, the coefficient of

segmentation does not change further.

Persico et al. (2004) also use this mechanism analysis method with equation 5.A-5 to invest-

igate the effect of teen height on adult wage. They did not use equation 5.A-4 to test the

relationship between M and X . They exclude the mechanisms related to the omitted resource

variable such as native intelligence, health, etc. They then test the mechanisms related to hu-

man capital, including occupation choice, self-esteem, social activities, achievement tests and
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years of completed schooling separately with equation 5.A-5. The mechanism is approved

if the coefficient of X (teen height) changes after adding the mechanisms to the regression

equation. They find that adding social activities changes the coefficient of X (teen height),

while some mechanisms such as occupation choice and self-esteem are disproved.

Becker & Woessmann (2009) use a similar mechanism analysis method and further propose

a three-stage model to address the endogeneity problem of the independent variable. They

investigate the effect of Protestantism on economic outcomes through the mechanism of lit-

eracy. With equation 5.A-5, they find that after controlling for M (share of literates), the

estimated coefficient of X (Protestantism) on Y (economic outcomes) changes and becomes

statistically insignificant.

Apart from the above three steps to investigate the mechanism, they further use bounding

analysis and find that Protestantism does not affect economic outcomes independent of the

channel of literacy. They then use the 3SLS model with IV for Protestantism:

Y = α3 +α4M̂+α5Controls1 + ε1 (5.A-6)

M = β3 +β4X̂ +β5Controls2 + ε2 (5.A-7)

X = σ4 +σ5IV +σ6Controls3 + ε3 (5.A-8)

In the first stage, they regressX (share of Protestantism) on the IV (distance fromWittenberg).

In the second stage, they regress M (share of literates) on the predicted share of Protestants

(caused by the distance to Wittenberg). In the third stage, they use the variation in literacy

related to Protestants to predict the economic outcome. This three-stage model is used to

indicate that the part of Protestantism that is caused by the distance from Wittenberg (instru-

mental variable) has a positive effect on literacy, and the part of literacy due to Protestantism

positively affects economic progressiveness.
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Holl (2016) investigates the effects of highway access on firm-level TFP of Spanish and Por-

tuguese firms from 1997 to 2007 through the mechanisms of local density. Holl controls for

local density as equation 5.A-5. Holl uses two instruments for local density: the 1900 mar-

ket potential and underground water. The results show that highways improve productivity

directly without the local density mechanism after adding the firm fixed effect.

Wurgler (2000) investigates the effect of the financial market (X) on capital allocation effi-

ciency (Y). They first regress capital allocation efficiency (Y) on the financial market variable

(X) and find that the financial market plays a significant role in capital allocation efficiency.

They further examine different mechanisms by which the financial market facilitates cap-

ital allocation efficiency, including stock price synchronicity, SOE and investor right index.

They regress capital allocation efficiency (Y) on these channels (M) one by one and all to-

gether. They also regress capital allocation efficiency (Y) on channels (M) and the financial

development (X) and find the individual mechanism effects.

Method #3: X → M,M → Y

Some literature first explores the relationship between X andY without mechanisms. In order

to examine the impact of X on Y through mechanism M, they regress M on X to confirm the

effects of X on M. Then they regress Y on M and other control variables and examine how

M affects Y.

Y = α0 +α1X +α2Controls1 + ε1 (5.A-9)

M = β0 +β1X + ε2 (5.A-10)

Y = σ0 +σ1M+σ2Controls2 + ε3 (5.A-11)

Squicciarini (2020) investigates the impact of religion on knowledge and economic devel-

opment during the Second Industrial Revolution. The mechanism is Catholic primary school

education. They explain that the proportion of Catholic schools is higher in districts with a

high level of religiosity. A push for Catholic education in more religious locations is negat-

ively associated with industrial employment 10 to 15 years later when schoolchildren enter

the labour market.
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They regress the mechanism (share and the growth share of Catholic schools) on X (share of

refractory clergy), and find that the share of Catholic schools increases more in districts with

higher religious devotion. They then regress Y (industrial employment share) on M (share of

Catholic schools) in ten-year lags and find that districts with a higher share of Catholics have

a lower industrial employment share ten years later when pupils grow up and enter the labour

market.

Method #4: Mediation Analysis

Mediation analysis is a way to quantify the direct and indirect effects of the explanatory

variable on the response variable. It is not very commonly used in research in economics as it

is difficult to address the endogeneity problems of both explanatory variable and mechanism

variable. The following regression equations show the three steps for mediation analysis

Y = α0 +α1X +α2Controls+ ε1 (5.A-12)

M = β0 +β1X + ε2 (5.A-13)

Y = σ0 +σ1X +σ2M+σ3Controls++ε3 (5.A-14)

In equation 5.A-12, α1 represents the total effects of the explanatory variable, which is equal

to σ1+β1σ2. The direct effect of X on Y is captured by σ1 in equation (5.A-14). The indirect

effect of X on Y arises from the effect of X on mediators, which is captured by β1σ2. Thus,

the direct effect share is σ1/α1; Indirect effect share is β1σ2/α1 or 1−direct e f f ect share.

Wan & Zhang (2018) use the mediation analysis to investigate the effect of infrastructure

on productivity with the indirect effect through the agglomeration channel. Fagereng et al.

(2021) research the impacts of parental wealth on child wealth through channels including

children’s education, income, financial literacy and direct transfers of wealth from parents.

They use mediation analysis and find that the effects of parents’ wealth on wealth transfer

is statistically significant, on children’s education it is statistically significant but small, on

child financial literacy or income it is small and not statistically significant. Regarding the

effect of parental wealth, they conclude that indirect effects explain about 37% of the causal

effect. Transfer of wealth is the most important mediator (90% of indirect effects).
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Criticism of Mediation analysis This mechanism analysis method has been criticized by

some scholars in economic research. First, equation 5.A-14 controls for the mechanism and

obtains the estimated coefficient of X, which implies regression equation 5.A-12 is not cor-

rectly set. Second, in order to investigate the impact ofM onY , the endogeneity problem ofM

needs to be addressed. Most studies use this mechanism analysis method without addressing

the endogeneity ofM because it is difficult for one paper to address the endogeneity problems

of both X and M. This can be beyond the workload of one paper and producing two papers

might be a more reasonable way to explore the causal effects of X on Y and M on Y . Third, if

two or more mechanisms are analysed, it is even harder to address the endogeneity problems

of every mechanism.

Method #5: X ∗M → Y

It is not very common to use the interaction term of the independent variable and the mech-

anism to examine the effect of the mechanism. The interaction term method is more suited

for heterogeneity analysis. Estimation by groups is also used more for heterogeneity analysis

rather than mechanism analysis. These two methods can be explained as the impacts of the

explanatory variable on the response variable being conditional on some factors.

Summary of Mechanism Analysis Methods

The mechanism analysis models are summarised as

#1 X → Y and X → M (means regressing Y on X and then regressing M on X) ;

#2 X →Y and X + M →Y , either withM →Y or not, compare the changes in the coefficient

of X;

#3 X → M and M → Y ;

#4 Mediation analysis;

#5 Regress Y on the interaction term of X ∗M.

225



5 . The Effects of Highway Access on Firm Productivity Appendices for Chapter 5

Regarding the effect of the highway variable on firm-level productivity, the first way is pre-

ferred. Mediation analysis are not adopted since it is hard to address the endogeneity prob-

lem of the mediator and explanatory variable. The interaction term between the explanatory

variable and another factor is usually used in heterogeneity analysis rather than mechanism

analysis. Thus the first two common methods are appropriate for investigating channels for

the effects of highways on productivity.
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Conclusion and Discussion

This study has investigated the effects of highway access on the level of within-industry

agglomeration, pairwise coagglomeration and firm productivity. Highway GIS routes have

been utilized to compute the weighted distance between industries and highway networks in

order to establish the highway access variable. The Input-Output adjusted Highway Access

metric is designed to account for variations in industry size and transportation volumes. The

level of industrial agglomeration is measured by the Ellison and Glaeser index at three geo-

graphic levels (county, city and province). Different approaches are studied to create TFP,

including the OLS, FE, OP, OP-ACF, LP, LP-ACF, and Wooldridge estimate. Three types

of time-variant instruments including the historical routes IV, LCP IV and straight line IV

are used to address the endogeneity problem for the highway access variable. The historical

route IVs encompass the routes established during the Ming dynasty, the routes established

during the Qing dynasty, and a combination of both.

The fixed effect results of the baseline model indicate that highway access has a positive

relationship with within-industry agglomeration, pairwise coagglomeration at all geographic

levels, and firm productivity. Using IV estimation, the empirical findings confirm that high-

way access has a beneficial impact on within-industry agglomeration at province, city and

county levels. This study’s heterogeneity analysis shows that improved highway access gen-

erally decreases within-industry agglomeration related to petroleum at the provincial and city

levels but increases it at the county level, highlighting the nuanced effects of transportation

costs on industry location. It also finds that enhanced highway access boosts downstream in-
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dustry agglomeration by improving location flexibility and reducing costs, promoting within-

industry agglomeration overall. The study finds that improved highway access, as measured

by the input-output adjusted metric, significantly increases within-industry agglomeration by

lowering the costs of accessing inputs and outputs from other industries.

However, regarding the coagglomeration results, this study finds that highway access in-

creases coagglomeration at the province and city levels, but reduces it at the county level.

At province or city levels, firms can benefit from coagglomeration externalities and select

to co-locate together. Highways improve economic efficiency by reducing the requirement

to relocate together. However, for the county level, the higher coagglomeration value needs

two industries that are large in one county. However, as a county has fewer resources, with

the expansion of highways, firms may choose to satisfy agglomerate with those in the same

industry first in a county.

Heterogeneity across industries for the effects of highways on coagglomeration is also ex-

amined, which includes industry pairs with different input-output linkages, related industry

pairs, and industries with a higher proportion of SOEs. The impacts of highway access on co-

agglomeration at province and city levels aremore significant for industries that have stronger

input-output links. The coagglomeration levels of industry pairs that are related and belong

to the same classification categories are more dependent on highway access. Within the set

of industry pairs that are related, the impact of highway access on their coagglomeration is

more significant at the provincial and city levels when one industry is upstream and the other

is downstream. Furthermore, industries that have a higher proportion of SOEs experience a

reduced impact of highway access on coagglomeration.

In terms of the three Marshallian externalities, this study finds that they have positive ef-

fects on within-industry agglomeration at three geographical levels after using IV, while for

coagglomeration, knowledge spillovers have a significantly positive effect on pairwise coag-

glomeration. Input-output linkages positively affect coagglomeration at the province level,

while the results for labour market pooling are insignificant. Additionally, natural advantages

are found in both fostering within-industry agglomeration and coagglomeration.
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Regarding the effects on firm productivity, the IV estimation produces reliable findings indic-

ating the beneficial impact of highway access on firm productivity. This thesis investigates

four channels for the effects of highway access on productivity, including within-industry

agglomeration (firm-level), coagglomeration (firm-level), export and innovation. Firm-level

agglomeration is used in the estimation aligning with firm-level productivity and highway

access. The firm-level agglomeration is calculated as the logarithm of the number of enter-

prises located within a neighbourhood with radii of 5, 10, 20, 30, 40, and 50 kilometres.

The firm-level agglomeration index considers heterogeneity across firms and addresses the

problem of discontinuity in geography, compared with EG industry-level agglomeration.

The analysis of the mechanism reveals that the productivity of firms is influenced by highway

access through the channels of firm-level agglomeration. After limiting the sample to new

entrants, calculating firm-level agglomeration based on employment, and removing large cit-

ies from the sample, the results remain consistent. The IV estimation results for the export

channel show that highways encourage exports. The elasticity of exports with respect to high-

way access is 0.0409. Highway access has a big impact on exports for foreign-invested firms

and processing trade firms. The results indicate highways can affect firm productivity through

the export channel, while the innovation channel is less significant.

This study has some policy implications. The findings demonstrate that highways signific-

antly enhance both intra-industry and inter-industry agglomeration, suggesting that invest-

ment in infrastructure is an effective strategy for promoting industrial concentration and

boosting productivity, especially in developing countries. However, as highway networks

mature, the marginal benefits of additional highways may diminish, while the costs of main-

tenance and repair increase. Therefore, while ongoing investment in transportation infrastruc-

ture remains important, developing countries should carefully balance the expansion of infra-

structure with its economic returns. Industries with high levels of input sharing, particularly

downstream sectors, benefit most from highway access due to their sensitivity to transporta-

tion costs and reliance on highways for commodity movement.
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6. Conclusion and Discussion Conclusion and Discussion

Additionally, the study demonstrates that having access to highways enhances the productiv-

ity of firms through the channel of within-industry agglomeration and coagglomeration. Op-

timal utilization of industrial zones and special zones can be achieved by efficient access to

roads and a well-designed industrial framework. These zones can include both firms in the

same industry or firms with upstream-downstream linkages. This strategy aims to enhance

firm productivity.
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