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ARTICLE INFO ABSTRACT

Keywords: The arrival of high-speed rail (HSR) generates new economic opportunities and shapes the spatial
High-sl?eed rail ) distribution of economic activities and territorial dynamism. While extensive research examines
Imra';lty dynamism inter-city phenomena, limited research focuses on intra-city dynamism, particularly how HSR
New ms . affects new firm formation and their spatial distribution within a city. This paper develops an
Economic clustering . . . s .
Suzhou analytical framework utilising difference-in-difference methods and temporal dynamics to

examine new firm registration data in Suzhou, a non-central prefecture-level city in China. The
empirical evidence substantiates four key points: First, HSR significantly accelerates new firm
formation. Second, there is a time lag in new firm formation; construction firms respond first to
HSR services, but the most substantial responses come from the Knowledge Intensive Services and
Commerce, Transport and Hospitality Services sectors. Third, there is distinct locational hetero-
geneity. The most developed urban districts, with their proximity to HSR stations, experience a
more pronounced impact on economic clustering in the short term compared to the newly
developed areas surrounding peripheral HSR stations. This study provides valuable insights for
integrated transport and urban planning strategies and economic development policies by
leveraging HSR accessibility to enhance intra-city dynamism.

1. Introduction

Numerous studies have explored the factors influencing business location decisions and the distribution of economic activities.
Krugman (1991) highlighted that regional agglomeration of business activities can be stimulated by various factors such as pooled
labour markets, the production of non-tradable specialised inputs, and knowledge spillovers. Other factors, such as area-based policies
(Anyadike-Danes et al., 2005), cluster strategies (Delgado et al., 2010), and regional embeddedness (Dahl and Sorenson, 2012), also
play significant roles in new firm formation.
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Additionally, population density (Delfmann et al., 2014; Parajuli and Haynes, 2017), human capital (Davidsson and Honig 2003;
Parajuli and Haynes 2017), financial capital (Dahl and Sorenson, 2012), establishment size (Kangasharju, 2000; Armington and Acs,
2002; Lee et al., 2004; Sutaria and Hicks, 2004), unemployment (Sutaria and Hicks, 2004; Cheng and Li, 2010), population growth
(Audretsch and Fritsch, 1994; Kangasharju, 2000; Armington and Acs, 2002), and per capita income (Armington and Acs, 2002; Lee
et al., 2004) are generally recognised as key determinants for new firm formation.

In addition to these socioeconomic factors, transport infrastructure significantly influences the location of economic activities
(Hodgson, 2018). Building on classic location theories (Weber, 1929), New Economic Geography (Krugman, 1991) emphasises that
transport costs are critical determinants in the location choice of new firms. Pioneering studies have confirmed that the number of new
manufacturing plants tends to grow in areas with better access to major transport infrastructures, such as highways and railways
(Smith and Florida, 1994; Coughlin and Segev, 2000; Fotopoulos and Spence, 1999; Melo et al., 2010). For instance, Holl (2016) found
that improved transport infrastructure enhances the productivity of manufacturing firms.

Melo et al. (2010) examined the role of transport infrastructure on the location choice of new plant openings in Portugal. Their
study found that a 10 % improvement in railway and motorway networks at the local municipality level could increase new plant
openings by 0.9 % to 2.7 % and 0.7 % to 2.6 %, respectively, with strong spillover effects.

With major time-space shrinkages and changes in accessibility and connectivity, high-speed rail (HSR) is widely recognised for its
potential impacts on economic development effecting across different spatial levels. Much of the existing research and debates focus on
inter-city dynamism, examining aggregated economic performance for cities served by HSR. One of the implications of new economic
geography is that HSR may accelerate the process of agglomeration and concentration under “imperfect competition” (Krugman and
Venables, 1990) among large and small cities, with high value-added firms moving to large cities that offer pooled labour markets and
the production of non-tradable specialised inputs when agglomeration forces dominate over dispersion forces (Peeters et al., 2000;
Puga, 2002). This perspective emphasises competition rather than collaboration among connected cities, where large cities benefit at
the expense of smaller ones, often exhibiting siphon effects (Dong, 2018; Lin and Gan, 2022; Matas et al., 2020).

However, beyond a zero-sum game, HSR can also foster stronger business connections and collaboration between connected places
within the expanding HSR network (Jiao et al., 2020). Venables’ (2017) integrated framework of “expanding cities and connecting
cities” theorises the interrelated economic effects of transport improvements. Intra-city transport facilitates urbanised economies
through increased returns from city size, while inter-city transport such as HSR enables city specialisation in specific sectors and tasks,
potentially enhancing productivity if economies of localisation exist. Positive outcomes have been observed on the Madrid-Barcelona
HSR line (Carbo et al., 2019) and in the rationalisation and advancement of industrial structures in non-central Chinese cities within
100 km of a central city (Li et al., 2023). Tang et al. (2021) demonstrated that HSR impacts urban innovation through both
agglomeration and network externalities, with the latter being more influential.

Therefore, HSR can benefit non-central cities connected by HSR beyond large cities, although existing literature suggests that
strong policy interventions are crucial to overcoming path dependency obstacles such as existing population scale and economic
trajectories (Deng et al., 2020a; Lin et al., 2023), restricted urban hierarchies (Chen et al., 2021), and low HSR frequency (Vickerman,
2015; Willigers and van Wee, 2011).

Regarding economic clustering, HSR, as a major technological innovation, influences how firms and labour markets operate,
particularly in knowledge-intensive services (Chen and Vickerman, 2017; Tierney, 2012) and producer services (Shao et al., 2017).
Studies have also explored HSR’s impact on other economic sectors, including manufacturing agglomeration (Sun et al., 2017) and
differential movements between manufacturing and services (Chang et al., 2021). Services often cluster in major urban areas, while
manufacturing activities decentralise (Chang et al., 2022; Chang and Zheng, 2022). Zhou and Zhang (2021) found that core cities
exhibit faster growth in service activities around HSR stations, whereas manufacturing industrial parks experience spillover effects,
indicating differing impacts on service and manufacturing sectors. Zhou and Zhang (2024) explore the impacts of HSR on industrial
upgrading, showing that big firms innovate more while being exposed to more competition from small firms and relatively decreased
profitability.

Existing studies on HSR dynamics between cities offer limited insights into intra-city changes. While HSR is recognised as a key
driver of new economic and development opportunities in both developing and developed countries, few studies have examined its
impacts on economic and spatial changes at the disaggregated level within individual cities using firm-level data. Furthermore, there is
a lack of longitudinal studies exploring how firms’ reactions shift and evolve before and after the introduction of HSR services.
Additionally, it remains unclear whether and how new firms from different sectors and types react differently to various HSR lines and
stations.

This paper addresses these gaps by exploring the following interrelated questions: First, has the arrival of HSR impacted new firm
formation? Second, how have new firms’ reactions shifted and evolved over time before and after the introduction of HSR services?
Third, whether and how might new firms from different sectors and types react differently to various HSR lines and stations? To answer
these questions, we adopted difference-in-difference methods, temporal dynamics analyses, and heterogeneous analyses to examine
panel data of approximately 60,000 new firm registrations from 2005 to 2015. This decade covers about 5-6 years before and 4-5
years after the arrival of HSR in Suzhou, a non-central prefecture-level city located between Shanghai and Nanjing in the Yangtze River
Delta Area (YRDA), one of the most advanced agglomerations in China.

This paper is organised as follows. Section 2 reviews key concepts and evidence to develop a framework for understanding intra-
city dynamism. Section 3 introduces the study’s datasets and methods within the research framework. Section 4 presents the empirical
results. Section 5 synthesises and discusses the new firm creation patterns in light of existing knowledge. Section 6 concludes with
policy implications for HSR-driven urban expansion and future research directions.
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2. Understanding intra-city dynamism: High-speed rail and economic clustering

Transport infrastructure plays a pivotal role in shaping the locations of economic activities (Hodgson, 2018). Different types of
transport infrastructure attract different economic activities. High-speed rail (HSR), for instance, is particularly appealing to firms with
high knowledge content, as it facilitates rapid inter-city communications (Tierney, 2012). Knowledge is a classic Marshallian exter-
nality, enhancing productivity in regions with high knowledge intensity, leading to increased rates of innovation. HSR facilitates face-
to-face interactions, crucial for developing knowledge-intensive activities, as knowledge creation is more efficient within urban en-
vironments (Audretsch, 1998). The range of knowledge-intensive activities has expanded from a narrow focus on science and tech-
nology (OECD, 1996) to include professional services such as finance and insurance, business services, real estate, education and
health sectors (Brinkley, 2006; Eurostat, 2007; OECD, 2007; Muniz and Garcia-Lopez, 2010), as well as cultural and creative industries
(Jones et al., 2008; Kok, 2004). Knowledge-intensive activities tend to cluster in dense urban areas to gain comparative advantages.
Once economic activities agglomerate, enhanced effects of spatial clustering emerge through enhanced agglomeration and network
externalities facilitated by HSR (Malmberg et al., 1996).

Empirical studies have demonstrated the growth of knowledge-intensive economies in HSR cities although results vary (Chen and
Hall, 2011, 2012; Chen and Vickerman, 2017). While HSR is conducive to developing knowledge-intensive services, it has also
encouraged various service industries, including commerce, retail/wholesale, hotel/food industries, and tourism (Dong, 2018; Han
etal., 2012; Matas et al., 2020; Shao et al., 2017). However, the influence of HSR on the consumer service and public service industries
is less significant (Shao et al., 2017). Matas et al. (2020) stressed that although HSR may promote firm formation, this is not always the
case.

Most studies, such as Chen et al. (2016) and Chen (2019), examine HSR’s impact on economic development and land use changes at
aggregate geographic levels, treating cities as homogeneous units. However, actual changes occur at a more disaggregated level,
varying across different areas within a city. This study accordingly investigates the impacts of HSR on new firm formation and their
spatial distribution within a city, shedding light on the intra-city dynamism induced by HSR, which is crucial for informing urban
development policies aligned with its introduction.

2.1. HSR accessibility and firm location decision

Good accessibility to railway stations, along with service frequency and type, are key factors in firms’ location decisions. Willigers
(2003) identified that corporate decision-makers consider HSR linkages for different functions, activities, employees, business part-
ners, and customers, both currently and in the future. The demand for high-speed travel is reflected in the types of services associated
with externally oriented and international business. Kuang et al. (2021) found that firms in communication-intensive and travel-
dependent industries benefit more from HSR. Willigers et al. (2005) noted that HSR accessibility is crucial for firms regularly un-
dertaking international business trips. Distributive effects within urban regions are expected to be larger than relocations between
regions. Willigers et al. (2007) found that the accessibility effects of future high-speed train connections are more significant for
business travel than for commuting, with the value of time being a dominant factor.

While knowledge flows do not necessarily require proximity or physical transport links, evidence shows that spatial clustering
requires both. Studies have shown that geographical proximity to HSR stations matters. Zheng et al. (2019) found a 27 % increase in
land use intensity near HSR stations, although spillover effects vary across Chinese cities. Liang et al. (2022) observed significant
business-commercial agglomeration effects around HSR stations, along with notable time-lag effects.

2.2. HSR stations’ influential ranges

Several studies have attempted to assess the spatial influence of high-speed rail (HSR) using various data and methodologies. One
approach is to analyse HSR catchment areas through ridership coverage. Martinez et al. (2016) examined the spatial influence of HSR
stations and explored strategies for extending their influence to increase profitability, arguing that additional factors beyond the HSR
network should be considered to enhance profits.

Pan et al. (2020) used multi-period night-time light data to estimate the influential range of HSR over a short period, about one year
before and after the arrival of HSR. They studied the Nanjing-Shanghai-Hangzhou (NSH) and Nanjing-Hangzhou (NH) lines to
determine the extent to which HSR spurs the agglomeration of economic activities around, and at a distance from, the station. Their
findings indicate that commercial activities are predominantly attracted to the station area rather than the broader region. Moreover,
the investment and construction phases attract more commercial activities pre-HSR than post-HSR. The impacts are most evident
within short space-time ranges, specifically within 5 km and three months. They argue that a strong local economic base is crucial for
HSR to promote local development. Moreover, the location of HSR stations within cities is also significant, with stations integrated into
urban regeneration strategies near city centres generally being more successful (Delaplace, 2012; Hall, 2009). In contrast, peripheral
HSR stations, which typically offer poor accessibility, appear less attractive (Facchinetti-Mannone, 2013).

2.3. Different HSR stations within a city
The arrival of HSR has been hailed as a key urban strategy in both developing and developed countries, offering new development

opportunities for cities served by HSR. Different HSR stations illustrate different locational advantages for spatial development. Hall
(2009) identified three types of locations for HSR stations: Central Business District (CBD), second CBD, and edge city. In Europe, HSR
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is often used as a core strategy for urban transformation and regeneration (Loukaitou-Sideris and Peters, 2020), with the optimal
location generally in or near the city centre. In fast-growing developing countries like China, HSR is widely regarded as a strategy for
urban expansion and new town development (Wang et al., 2024; Wang and Gu, 2019a). However, the realisation of this potential
varies, reflecting different negotiation powers among cities. Zhu et al. (2015) emphasised that the site selection power for HSR stations
is largely beyond local control for medium and small cities, often resulting in HSR stations located far from existing urban cores. The
long distance and poor accessibility between new HSR stations and urban centres weaken overall attractiveness for economic growth
and increase costs for firms and residents. Diao et al. (2017) argued that improving connections to peripheral HSR stations and
integrating them into urban planning are essential to enhance the accessibility and promote desirable urban development outcomes.

The different locations of HSR stations within a city offer various functions and advantages for different types of economic ac-
tivities. For instance, in Reims which is served by two HSR stations, firms near the peripheral station are linked to the region’s in-
dustrial base, while those near the central station benefit from proximity to final clients and a positive urban environment (Beckerich,
Benoit-Bazin, and Delaplace, 2017). This study also shows office availability and good HSR access are crucial for firm location de-
cisions. However, the perception of good HSR accessibility can be more important than actual train usage, as shown by Willigers et al.
(2005).

2.4. Formulating the research inquiry

To understand how improved accessibility by HSR impacts the formation and distribution of new economic activities in spatial
clustering, we hypothesise that new economic activities are likely to be attracted to areas in proximity to HSR stations, given the
importance of HSR accessibility for economic development (Pan et al., 2020; Pol, 2002). Treated groups are defined as those located
within a certain distance from HSR stations, while control groups are outside that range. This research explores the most significant
spatial influential range in proximity to HSR stations to address the following inter-related questions: Is the arrival of HSR associated
with new firm formation? Are there temporal patterns in new firms’ reactions to the HSR opportunity? How do new firms from
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different sectors and types react to different HSR lines and stations? Will the opening of HSR contribute to the sustained enhancement
of specific industry clusters? Overall, this paper aims to fill the gap in understanding intra-city dynamism by investigating how HSR
impacts firm formation and economic clustering within cities, focusing on longitudinal firm-level data to offer new insights into urban
development strategies in the context of HSR.

3. Data and methods
3.1. Study area: The central city of Suzhou

Suzhou provides an ideal setting for examining the impact of HSR on new firm formation. As one of the most dynamic market-
driven city economies in China, Suzhou is home to the country’s first government-backed development zone, the Suzhou New and
Hi-tech Development Zone, as well as the Sino-Singapore Suzhou Industrial Park, a leading example of international collaboration and
industrial modernization (Wei et al., 2009). Additionally, Suzhou is a key node on the Beijing—Shanghai High-Speed Railway — China’s
first world-class, highest-standard, and busiest HSR line — as well as the Shanghai-Nanjing Intercity Railway. Thus, the city’s long
exposure to HSR and the intensity of its impact make it particularly well-suited for this study. Furthermore, access to ten years of firm
registration data, spanning both pre- and post-HSR periods, provides a rare opportunity for conducting the intended longitudinal
analysis in this study.

Under China’s “city-administering-county” system in place since 1983 (Wang et al., 2015), Suzhou governs five urban districts and
five county-level cities before HSR inauguration. However, each county-level city operates substantial autonomy in local economic
initiatives benefiting from decentralised fiscal power. This study focuses exclusively on Suzhou’s central city, drawing data from five
urban districts: Gusu District, at the core, and four newer urban districts—Suzhou Industrial Park (SIP) in the east (established in
1994), Huqiu in the west (2002), Xiangcheng in the north (2001), and Wuzhong in the south (2001). The exclusion of county-level
cities is due to the absence of equivalent firm registration data prior to 2011, making their inclusion unfeasible. Nevertheless, this
limitation does not undermine the central contribution of this study—analysing the causal impact of HSR on firm dynamism across
different HSR station areas within the central city of Suzhou through a robust analytical framework.

Fig. 1 provides a visual representation of the central city of Suzhou. Suzhou features four HSR stations served by two HSR lines. The
Regional Intercity Huning line, which parallels the conventional rail route, began service in 2010. Operating at 250 kph, it reduced
travel time between Shanghai and Nanjing from 2 h to 73 min. This line serves the busy commuting and business corridor, enhancing
economic integration among cities along the route. It includes three new HSR stations: Suzhou New District (SND), Suzhou (SS), and
Suzhou Industrial Park (SIP). Suzhou SS station was newly rebuilt and expanded on the existing station site. SS and SIP are relatively
close to the most developed urban districts, while SND station is at the eastern edge of the SND district, far from its major development
zones.

The National Trunk Jinghu line, a 1,318 km route connecting Shanghai and Beijing, came into service in June 2011, running
through rural areas and connecting with Suzhou North (SN) station, located in Xiangcheng district, 20 km from the city centre. This
line, operating at 350 kph, serves as a gateway to Suzhou for passengers from across the nation. The arrivals of the Jinghu and Huning
HSR lines and their station locations reinforce Suzhou’s spatial structure as ‘one centre, four cities’, as outlined in the 2012 city plan
following the Jinghu line’s approval. Among the five districts of Suzhou, Wuzhong is the only one without a HSR station.

Despite similar travel times (30-40 min) between Shanghai and Suzhou across the four HSR stations, differences in city ranking and
HSR systems result in varying train frequencies (Chen, 2020). Information on HSR frequencies for selected years is provided in
Table A1 of Appendix Al. In the year 2018, on the regional intercity Huning line, Suzhou ranked second after Shanghai and Nanjing.
Suzhou (SS) station had 112 trains per day to Shanghai, SIP station had 21, and SND station had only 2. On the national trunk Jinghu
line, Suzhou ranks third or fourth, with only 30 percent of the nearly 200 daily trains (around 60 trains to Shanghai) stopping at
Suzhou North station, compared to 90-100 percent stopping in Nanjing.

Since the economic reform in 1978, Suzhou has emerged as one of the most competitive industrial bases in the Shanghai region,
driven by foreign direct investment and trade. Special economic zones offering various incentives, described as ’Zone fever’ (Cartier,
2001), have become prevalent in Chinese cities, including Suzhou (Wang et al., 2015). By 2015, Suzhou’s urban districts hosted 52
development zones focusing on diverse areas such as retail parks, industrial parks (high-tech, biotechnology, health and medicine,
R&D centres, creative industries, finance, etc.), designated at national, provincial, or city levels. The arrival of HSR has spurred sig-
nificant development ambitions around HSR stations on the city’s periphery, notably through the planning and construction of new
HSR towns (Chang et al., 2022; Chen and Wei, 2013; Dai, 2015; Wang, 2016). These conditions potentially influence the location
decisions of new firms, reflecting different formation patterns between HSR-related and non-HSR-related development zones and
policies.

3.2. Data and variables settings

The sample comprises 59,537 new firms registered in Suzhou from 2005 to 2015, based on data provided by the Suzhou
Administrative Bureau for Industry and Commerce. Each firm record includes attributes such as name, address, registration year, and
economic sector.
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Three steps of data treatment were undertaken. First, the initial 20 economic sectors, classified according to the Chinese standard
industrial classification (SIC), were grouped into five categories: Manufacturing; Construction; Knowledge Intensive Services; Com-
merce, Transport and Hospitality Services; and Others.! This grouping forms four main economic sector groups, reflecting their
distinctive characteristics, particularly for the two services groups. The Knowledge Intensive Services group” includes sectors that
benefit from agglomeration externalities through face-to-face interaction and knowledge spillover, while the Commerce, Transport
and Hospitality Services group® potentially benefits from the growing network externalities brought by HSR.

Second, the registered address for each firm, which typically included room numbers, was simplified to the building level before
being geocoded to obtain latitude and longitude coordinates for spatial analysis, using the Gaode API. Gaode provides more accurate
address identification in Chinese than platforms such as Google or Baidu. Table 1 summarises the business entry patterns across
Suzhou’s urban districtsand individual municipal districts from 2005 to 2015 for each economic sector group. The comprehensive data
reveal that Knowledge Intensive Services, along with Commerce, Transport and Hospitality Services were the primary sectors for new
firm entries. At the district level, stark differences in industrial structures are evident. In Gusu District, over half of the new firms
(52.944 %) were involved in Commerce, Transport and Hospitality Services, while in the Industrial Park, nearly half of the new firms
(49.209 %) belonged to the Knowledge Intensive Services, surpassing entries in Commerce, Transport and Hospitality Services. Huqiu,
Xiangcheng, and Wuzhong districts displayed a greater prevalence of Commerce, Transport and Hospitality Services, followed by
Knowledge Intensive Services, Construction, and Manufacturing sectors. Notably, Xiangcheng District had the highest proportion of
Manufacturing (30.164 %), closely followed by Wuzhong District (22.554 %).

Third, a total of 1,973 grids, each measuring 1 km by 1 km, were generated to cover the non-water land area of Suzhou City, serving
as the unified spatial analysis unit for this study. The counts of new firms and related attributes for each year in each grid were
recorded, constructing the panel data. The final sample contains 1,973 grids with 21,703 grid-year observations from 2005 to 2015.

Table 2 presents the defined variables and summary statistics. The dependent variable is the count of new firms per year in each
grid, and the key explanatory variable is the indicator HSR, which indicates the opening of HSR. In addition, we incorporate the total
proportion of various economic sectors over the past three years as control variables to account for underlying trends in the formation
of new firms and economic conditions within each spatial grid. The set of lag periods was determined with reference to the study by
Andersson and Koster (2011) consideration of the reduced reliability of cumulative calculations as lag periods lengthen. Results based
on two- and one-year lags yield consistent findings (see Appendix B2).

3.3. A research analytical framework and methods

To explore the intra-city dynamism of new firm formation and economic clustering rigorously, we have developed a research
framework depicted in Fig. 2. Initially, a Difference-in-Differences (DID) model investigates whether HSR openings influence the
establishment of new firms, with subsequent robustness checks to validate the results. Further analysis using a multistage DID model
pinpoints when these impacts are most pronounced. Finally, heterogeneity DID analyses elucidate which economic sectors and where
geographically the impacts are most significant, by dissecting the benchmark regression effects into locational and economic sector
heterogeneity.

The DID model is a classic method for evaluating the effects of policy interventions by comparing the differences in explanatory
variables before and after policy implementation between treatment and control groups (Blundell and Costa Dias, 2000; Deng et al.,
2019). Accordingly, this study hypothesises different impact ranges around HSR stations and delineates treatment and control groups
within and outside these ranges. The treatment group is assumed to benefit from significant HSR services in proximity to HSR stations,
while the control group is assumed not to benefit directly from HSR services beyond a certain range. Sensitivity analyses with varying
distance thresholds were conducted to validate the robustness of this assumption. By comparing the changes in the counts of new firms
between the treatment and control groups before and after HSR opening, the DID model identifies the net effect of HSR on new firm
formation, as shown in Equation (1). Standard errors are clustered at the individual grid level.

CFY” = (lJrﬂ X HSR“ +7y X XiAt +//ll +6[ + &t (1)

where CFY;, is the dependent variable, representing the counts of new firms within grid i in year t. HSR;, the key independent
variable of this study, is a binary variable which equals 1 if the grid i is served by HSR in the year t, and otherwise 0. The decision to
establish near HSR stations hinges on both the externalities from HSR inauguration and the local economic framework. X;, consists of a
set of control variables calculated from the cumulative share of specific new firm types in the recent years. These variables primarily
reflect the historical trends in the geographical concentration of new firms and further capture the territorial network structure within
each grid. p; and &, are fixed effects for time and individual grids respectively in the model to control for both time-invariant and time-
varying unobservable grid characteristics that may be correlated with a grid’s HSR adoption decision, while ¢; represents the random
error component.

1 e.g. Farming, Forestry, Animal Husbandry and Fishery; Mining and Quarrying; Electric Power, Gas and Water Production and Supply; Water

Conservancy, Environment and Public Facility Management; Resident Service and Other Service Industries; as well as Health Care, Social Security
and Social Welfare.

2 e.g. Information Transmission & Computer Service and Software, Finance, Real Estate, Leasing and Business Service, Scientific Research,
Technical Service, Education, Culture, Sports, and Entertainment.

% e.g. Wholesale and Retail Trade, Transportation, Storage and Post, Hotel and Catering Services.
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Table 1
Summary of business entries by sector across Suzhou municipal districts, 2005—2015.
City/District Economic sectors Total entries Percentage of city/district total
Central City of Suzhou as a whole Manufacturing 7,853 13.190 %
Construction 4,077 6.848 %
Commerce, Transport and Hospitality Services 25,046 42.069 %
Knowledge Intensive Services 20,967 35.217 %
Others 1,593 2.676 %
All 59,536 100 %
Gusu District Manufacturing 203 1.277 %
Construction 1,205 7.581 %
Commerce, Transport and Hospitality Services 8,416 52.944 %
Knowledge Intensive Services 5,717 35.965 %
Others 355 2.233 %
All 15,896 26.700 %
Huqiu District Manufacturing 827 11.661 %
Construction 416 5.866 %
Commerce, Transport and Hospitality Services 3,056 43.091 %
Knowledge Intensive Services 2,624 36.999 %
Others 169 2.383 %
All 7,092 11.912 %
SIP District Manufacturing 686 5.595 %
Construction 834 6.802 %
Commerce, Transport and Hospitality Services 4,465 36.413 %
Knowledge Intensive Services 6,034 49.209 %
Others 243 1.982 %
All 12,262 20.596 %
Xiangcheng District Manufacturing 2,614 30.164 %
Construction 507 5.850 %
Commerce, Transport and Hospitality Services 3,419 39.453 %
Knowledge Intensive Services 1,791 20.667 %
Others 335 3.866 %
All 8,666 14.556 %
Wuzhong District Manufacturing 3,523 22.554 %
Construction 1,115 7.138 %
Commerce, Transport and Hospitality Services 5,690 36.428 %
Knowledge Intensive Services 4,801 30.736 %
Others 491 3.143 %
All 15,620 26.236 %
Table 2
Variable definition and summarised statistics.
Variable Definition Mean Std. Dev
Dependent variable
CFY Counts of New Firms Per Year 2.743 15.497
CMF Counts of New Firms Per Year 0.362 1.315
CCF Counts of New Construction Firms Per Year 0.188 1.364
CCTHSF Counts of New Commerce, Transport and Hospitality Services Firms Per Year 1.154 7.125
CKISF Counts of New Knowledge Intensive Services Firms Per Year 0.967 7.007
COF Counts of New Other Firms Per Year 0.073 0.448
HSR factors
HSR Dummy, 1 for units after operation of HSR, 0 otherwise 0.024 0.152
Control variables
PMF Percentage of Manufacturing Firms in the grid over the past three years (%) 13.466 29.046
PCF Percentage of Construction Firms in the grid over the past three years (%) 1.975 8.849
PKISF Percentage of Knowledge Intensive Services Firms in the grid over the past three years (%) 9.150 21.696
PCTHSF Percentage of Commerce, Transport and Hospitality Services Firms in the grid over the past three years (%) 12.155 24.785
POF Percentage of Other Firms in the grid over the past three years (%) 1.927 10.541
Other variables
SS Dummy, 1 for being located within the influence area of Suzhou Station, 0 otherwise 0.012 0.107
SND Dummy, 1 for being located within the influence area of Suzhou New District Station, 0 otherwise 0.012 0.107
SIP Dummy, 1 for being located within Suzhou Industrial Park Station, 0 otherwise 0.011 0.103
SN Dummy, 1 for being located within Suzhou North Station, 0 otherwise 0.012 0.107

The primary focus is on the significance and the sign of coefficient p, which indicates the net effect of HSR operation on new firm
formation in spatial grids, after controlling for fixed effects and other control variables. While the partitioning of urban grids can pose
challenges in fully capturing variables such as demographic composition and socio-economic factors that might influence the out-
comes. Nevertheless, by applying individual grid fixed effects and randomly drawing the grids, it is feasible to mitigate biases asso-
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ciated with the unique and time-invariant characteristics of each grid, such as disparities in local economic levels, and to reduce
potential correlations between the grids and the dependent variables (Yao and Hu, 2020).

3.4. HSR impact range and industrial geography

Before conducting the DID regression, it is necessary to define the impact range of HSR openings as a basis for establishing the
treatment and control groups. Previous literature suggests that industries around HSR stations often exhibit a concentric expansion
pattern centred on the station (Pol, 2002). Despite the lack of consensus on the exact quantitative extent of this influence, many
scholars consider the 2 km radius circular area as the HSR station zone (Wang and Gu, 2019b; Yu, 2020; Zhao and Chen, 2015), which
falls within the travel time tolerance range of HSR passengers (Wang et al., 2012; Wang Li et al., 2017). Research by Deng et al. (2020b)
traces the guidelines from the National Development and Reform Commission on promoting the rational development and con-
struction of areas around HSR stations, emphasising the importance of prioritising development within a 2 km radius of newly built
HSR stations. Fig. 3 illustrates the industrial geography around the four HSR stations in Suzhou, showing that designated HSR new
towns and business districts generally lie within a 2 km or 5 km buffer zone. Empirical findings by Pan et al. (2020) indicated that the
economic impact of HSR on urban development is strongest near the station, with a pronounced decay effect beyond 5 km, where
HSR’s influence on business activities becomes negligible. To identify the optimal impact range of HSR openings on new firm for-
mation, we conducted empirical analyses using spatial grids within buffer zones at incremental distances, ranging from 1 km up to 5
km in 1 km intervals. Table B1 in Appendix B presents the descriptive statistics and baseline regression results for each distance setting,
revealing that the 2 km buffer zone has the strongest promotional effect on new firm entries. Consequently, spatial grids within the 2
km impact radius were chosen as the treatment group to closely capture the effects of HSR opening on new firm formation.

To better understand the business entry patterns around the four HSR stations, the bar charts in Fig. 4 display the average counts of
new firm formation across various economic sectors within the treated grids (within 2 km) before and after HSR openings at each
station. Substantial increases in new firm formation were observed at Suzhou Station and Suzhou Industrial Park Station, particularly
in the Commerce, Transport and Hospitality Services and Knowledge Intensive Services sectors. In contrast, Suzhou New District (SND)
Station, located on the same Huning line, exhibited lower HSR frequencies” but still experienced an evident rise in total new firm
formation. Meanwhile, Suzhou North (SN) Station, located on the Jinghu line, saw a minimal increase in new firms despite relatively
high HSR frequencies, with a notable decrease in Manufacturing sector firms.

4. Empirical results
4.1. Baseline estimation

Table 3 summarises the results of all DID baseline regressions examining the overall impact of HSR opening on new firm formation,
controlling for grid and year fixed effects, with robust standard errors clustered at the individual grid level. Column (1) shows that the
counts of new firms increased by approximately 12.552 in the grids intersecting the 2 km buffer zone after the HSR opening, verified at
the 1 % significance level. Control variables representing the cumulative share of specific new firm types over the past three years are
simultaneously incorporated into the regression analysis in Column (2). The results indicate that, even after controlling for the path
dependency of firm entry patterns within the grid, the coefficient of HSR opening remains significantly positive in accounting for the
increase in the counts of new firms, with statistical significance at the 1 % level. Furthermore, the coefficients of PCTHSF (Commerce,
Transport and Hospitality Service) and PCF (Construction) are consistently greater than zero. In contrast, the coefficients for the
historical entry shares of remaining three sectors do not show a promoting effect, with the Manufacturing and other sectors

4 HSR frequency data for the study period was unavailable; however, the relative frequencies of the four stations remained stable, with the 2018
pattern closely resembling that of 2015. Daily frequencies in the figure are sourced from 12306 China Railway (July 2018)
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significantly inhibiting, while the Knowledge Intensive Services remain statistically insignificant.

These findings suggest that the historical shares of new firm entry in sectors such as Construction and Commerce, Transport and
Hospitality Services within a grid significantly influences the formation of new firms. The effect is largely because the clustering of
these types of firms creates a supportive economic environment, characterised by complementary resources, increased collaboration
opportunities, and greater market potential, which together attract new firms to these areas. In contrast, sectors like Manufacturing
and others do not contribute to this positive effect; rather, they show a significant inhibitory impact, highlighting the sector-specific
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Table 3
Results of benchmark regression.
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Variables Counts of new firms (CFY)
@™ 2)
HSR 12.552%** 11.172%**
(3.572) (3.296)
PMF —0.008*
(0.004)
PCF 0.039%**
(0.012)
PCTHSF 0.026%***
(0.008)
PKISF —0.009
(0.012)
POF —0.012*
(0.007)
_cons 2.444%%* 2.806%**
(0.085) (0.134)
Year fixed Yes Yes
ID fixed Yes Yes
N 21,703 15,784
R-sq 0.334 0.393

Robust standard errors are in parentheses.
*p < 0.1, * p < 0.05, ***p < 0.01.

dynamics in new firm formation following HSR openings. The lack of significance for the Knowledge Intensive Services may stem from
a long-term balance between the benefits of knowledge spillovers and the competitive pressures from market barriers (Sun et al.,
2024).

4.2. Dynamic effects

Fig. 5 illustrates the temporal trends of new firms across the five economic sector types, preliminarily revealing that the Commerce,
Transport and Hospitality Services, and Knowledge Intensive Services sectors exhibit relatively larger growth magnitudes. In order to
rigorously capture the dynamic and diverse effects of HSR opening, multistage DID models were constructed to explore the varying
response speeds and degrees of new firm formation across different economic sectors. Specifically, the dummy variable “the 1st year of
HSR opening” takes the value of 1 if a spatial grid intersecting the 2 km buffer zone receives HSR service for the first time; otherwise, it
is 0. The same setting applies for subsequent years. Columns (1) of Table 4 shows the regression results for the effects of HSR opening
on the total counts of new firms for each year starting from the year of HSR inauguration. The result suggests a time-lag effect
associated with the opening of HSR, as the significant promotional impact on firm counts becomes evident only in the third year
following the opening. Columns (2) to Column (6) in Table 4 show the regression results for new firms across the five economic sector
types.

The findings indicate that the Construction sector exhibited the earliest statistically significant response to HSR opening, with new
firm growth becoming significant in the third year, earlier than in other sectors. In contrast, the Knowledge Intensive Services and
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Fig. 5. Temporal trends of the counts of new firms in different economic sectors.
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Table 4
Dynamic effects of HSR opening on the counts of new firms in different economic sectors.
Variables All Manu- Construction  Knowledge Intensive Commerce, Transport, and Others
facturing Services Hospitality Services
m ) 3 (C)] 5) 6)

The 1st year of HSR 0.882 —0.125 0.004 0.229 0.760 0.013
opening (2.034) (0.086) (0.201) (0.969) (0.858) (0.048)

The 2nd year of HSR —0.354 0.027 0.074 —0.396 —0.023 —0.036
opening (2.088) (0.115) (0.192) (0.999) (0.917) (0.049)

The 3rd year of HSR 1.252 —0.103 0.261* 0.228 0.788 0.078
opening (1.816) (0.072) (0.150) (0.901) (0.796) (0.066)

The 4th year of HSR 8.627*** —0.194** 1.014%** 3.038%** 4.755%** 0.015
opening (2.401) (0.082) (0.279) (0.848) (1.319) (0.048)

The 5th year of HSR 18.753*** —0.262*%* 1.699%** 7.697%** 9.345%*** 0.273%***
opening (4.315) (0.113) (0.404) (1.808) (2.117) (0.090)

The 6th year of HSR 60.427*** 0.963 4.923%** 27.373%%* 26.218%** 0.951%**
opening (15.332) (0.601) (1.367) (7.673) (6.169) (0.299)

_cons 2.43 0.362%** 0.160%*** 0.837%** 1.008*** 0.069***

(0.081) (0.007) (0.007) (0.037) (0.038) (0.003)

Year fixed Yes Yes Yes Yes Yes Yes

ID fixed Yes Yes Yes Yes Yes Yes

N 21,703 21,703 21,703 21,703 21,703 21,703

R-sq 0.369 0.431 0.319 0.333 0.385 0.285

Robust standard errors are in parentheses.
*p < 0.1, ** p < 0.05, *** p < 0.01.

Commerce, Transport and Hospitality Services sectors displayed generally higher growth magnitudes compared to Manufacturing,
Construction, and other sectors, with no significant differences between these two sectors initially. From the fourth year onward, the
magnitude of growth in the Commerce, Transport and Hospitality Services sector was significantly higher than that in the other three
sectors. By the fifth year, the Knowledge Intensive Services sector also began to show significantly higher growth magnitudes
compared to all three other sectors. Wald tests were performed to verify these trends, confirming the statistical significance of the
growth discrepancies across sectors over the years following HSR inauguration (see Appendix D1). This progression reflects the
differentiated temporal dynamics of HSR-induced opportunities, with knowledge-intensive and consumer-oriented industries
benefiting most in the medium to long term. These outcomes may relate to the growing spillover of knowledge in urban innovation
(Tang et al., 2021) and the enhancement of economic and trade vitality through network externalities (Liu and Meng, 2024), asso-
ciated with the gradual expansion of the HSR network in China and the reduction of transport cost.

4.3. Heterogeneity analyses

Analyses based on the complete samples for the whole city could mask potential variations in locations and firm types. Therefore,
we explore the heterogeneity of the impact of the HSR opening across different firm types and different HSR stations. As shown in the
odd-numbered columns of Table 5, the impact of HSR opening on different economic sectors varies significantly. The counts of new
firms in Construction, Knowledge Intensive Services, Commerce, Transport, and Hospitality Services, and other sector types signifi-
cantly increased following HSR opening, while Manufacturing has not been significantly affected. Robustness checks using logarithmic
transformation yield consistent results (see Appendix B4).

Building on this, we further incorporate interactions between HSR dummy variables and dummy variables for four distinct HSR
stations, aiming to delineate station-specific impacts. The findings, presented in the even-numbered columns of Table 5, reveal clear
heterogeneity in the impacts of HSR opening across different stations and firm types. Overall, the commencement of services at the SS,
SIP, and SND stations on the regional HSR line (Huning) has markedly increased the counts of new firms in the spatial grids located
approximately 2 km from the stations. Among the three HSR stations, SS and SIP show the strongest effects (27.286*** and 23.472**),
while SND shows a relatively lower effect (2.735%). In contrast, despite the planned development of Suzhou’s high-speed rail new town
around the station, the inauguration of the SN station on the national intercity HSR line (Junghu) led to a notable decrease in the counts
of new firms, with a significant reduction of approximately 2.277, as shown in Column (2) of Table 5. Moreover, it is evident that the
opening of SS and SIP stations significantly boosted the counts of new firms in the Construction, Knowledge Intensive Services,
Commerce, Transport and Hospitality Services sectors, but not in Manufacturing. Conversely, the opening of SN station exhibits a
deterrent effect, while SND station shows no significant impact across any sector type. To further illustrate these distinctions, com-
parisons between Columns (8) and (10) and other even-numbered columns in Table 5 highlight that the operation of SS and SIP exert a
stronger influence in promoting the counts of new firms in Knowledge Intensive Services (10.449*** and 11.652**), and Commerce,
Transport and Hospitality Services (13.829*** and 9.461**) relative to the other stations.

4.4. Robustness checks
To establish the credibility of the benchmark results, a series of robustness tests were conducted, namely parallel trend test,
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Table 5
Heterogeneity analyses by HSR stations and economic sectors.
Variable ALL Manufacturing Construction Knowledge Intensive Commerce, Transport, and Others
Services Hospitality Services
(€] 2) 3) “@ 5) (6) 7) (8 9) (10) (12)
HSR 12.552 0.004 1.147 %= 5.264 5.967
(3.572) (0.131) (0.336) (1.638) (1.579) (0.061)
HSR*SND 2.735% 0.416 0.138 0.301 1.843 0.037
(1.606) (0.424) (0.098) (0.320) (1.263) (0.038)
HSR*SS 27.286%** —0.042 2.673%** 10.449%** 13.829%** 0.378%**
(7.465) (0.137) (0.777) (2.985) (3.619) (0.114)
HSR*SIP 23.472%* 0.046 1.965* 11.652%* 9.461%* 0.348*
(11.51) (0.213) (5.678) (0.210)
HSR*SN —2.277%** —0.400%** —0.768%** —0.038*
(0.485) (0.090) (0.021)
_cons 2.444 %% 2.428%** 0.362***  0.361*** 0.161%** 0.841%** 1.012 0.069***  0.069***
(0.085) (0.082) (0.003) (0.003) (0.008) (0.008) (0.039) (0.038) (0.038) (0.036) (0.001) (0.001)
Year fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1D fixed Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 21,703 21,703 21,703 21,703 21,703 21,703 21,703 21,703 21,703 21,703 21,703 21,703
R-sq 0.334 0.341 0.429 0.430 0.290 0.298 0.296 0.304 0.354 0.362 0.274 0.276

Robust standard errors are in parentheses.

*p <0.1, ** p < 0.05, *** p < 0.01.
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propensity score matching, exclusion of geographical factors, and placebo test.

4.4.1. Parallel trend test

To ensure that changes in the treatment and control groups prior to the opening of HSR were approximately the same, a parallel
trend test was conducted by replacing the dummy variables in the DID baseline model with dummy variables for each year of the study
period. Given the limited sample size in the sixth year preceding policy implementation, tail truncation was applied, setting the time
window to [-5, 5], with the year immediately preceding HSR opening used as the baseline year to avoid multiple covariance.

5
CFY; = ap + Zp;sﬁo x HSRE 474 X Xip + p; + 8, + € @)

In Equation (2), p identifies the time when HSR services began. p = -5 to p = -2 refers to the fifth to the second year before HSR
opening, during which HSRY, is set to 0; p = 1 to p = 5 refers to the first to the fifth year after HSR opening, during which HSRY, is set to
1. No dummy variable is defined for the baseline year (p = -1).

Fig. 6 presents parameter estimates within a 95 % confidence interval spanning 10 years, after controlling for all fixed effects. Prior
to HSR opening, the coefficients of HSR opening in each year do not significantly differ from zero, demonstrating no evidence of
meaningful differential trends in the counts of new firms before HSR opening. The parallel trend test thus supports the validity of the
DID estimation of the promotional effect. Furthermore, the treatment effect of HSR opening gradually increases over the subsequent
years following inauguration, with the effect becoming statistically significant from the third year onwards (see Table C1 in Appendix
Q).

4.4.2. Propensity score matching (PSM-DID) test

Considering that the opening of HSR may be non-random, there may be bias in sample selection. Propensity score matching (PSM)
can effectively address sample selection bias by matching the treatment group with a control group that satisfies the “parallel trend”
assumption, using a probabilistic regression model to calculate the propensity score based on the core explanatory variables and
covariates (Austin, 2011). Specifically, the 1:1 nearest-neighbor matching method with a matching radius of 0.001 was utilised to pair
grids in the control group with their closest counterparts in the treatment group. All control variables from the benchmark regression
were used as covariates to estimate the propensity scores via a logit model, which calculated the conditional probability that a grid
would be assigned to the treatment group. The PSM-DID estimation was then performed to compute the average treatment effect.

CFYP™ — ) + B, x HSRy +7; X Xt + i + 6 + & 3)

where CFY?®™ denotes the counts of new firms per year in each grid after matching; the other variables are defined similarly to those
in Equation (1).

The balance test results, shown in Fig. 7, indicate that most feature covariates between the treatment and control groups were
significantly different before matching, whereas the absolute values of standard deviation fell below 20 after matching, suggesting that
these differences were no longer significant. Therefore, it can reasonably be inferred that the covariates used for matching were
appropriate, and that the outcomes derived from the nearest neighbor matching method are robust. The regression results based on
PSM-DID, shown in Column (1) of Table 6, further support the main conclusion of baseline regression. That is, after accounting for
sample endogeneity, the opening of HSR still significantly boosts the counts of new firms within a 2 km radius.
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Fig. 6. Regression coefficients for the parallel trend test before and after high-speed rail opening.
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Table 6
Robustness test results.
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Fig. 7. Deviation diagram of PSM treatment results.

Variables = PSM-DID Excluding development Excluding old town Keeping control groups within 5 Excluding non-HSR district
zones centre km buffers (Wuzhong)

(68 (2) 3) (C)] 5)

HSR 11.168%*** 45.120%** 10.099** 7.665%* 11.776%**
(3.296) (10.742) (4.242) (3.636) (3.572)

_cons 2.997%x* 1.898%*** 1.889%** 6.589%*** 3.285%*
(0.108) (0.027) (0.079) (0.444) (0.160)

Year fixed  Yes Yes Yes Yes Yes

ID fixed Yes Yes Yes Yes Yes

N 15,784 11,814 21,010 4235 11,517

R-sq 0.392 0.407 0.298 0.345 0.329

Robust standard errors are in parentheses.
*p <0.1, **p<0.05 ***p < 0.01.

4.4.3. Exclusion of geographical factors

The robustness of the treatment effect of HSR opening is further enhanced by examining samples excluding four geographical
factors to mitigate confounding effects on new firm formation. These factors are development zones, the old town centre, 5 km buffers,
and non-HSR urban district. Development zones in China are designated areas targeted by state investments and incentives (both
central and local) to foster economic growth, providing specific policy supports to attract new firms before spatial spillovers occur.
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Fig. 8. Placebo test results.
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Column (2) of Table 6 shows the regression results excluding samples located within development zones. Additionally, the economy of
old urban districts in Suzhou is likely to be more developed, which could bias the spatial distribution of new firm samples. Column (3)
excludes samples from the old town (Gusu district). Moreover, to mitigate the confounding effects of broader spatial disparities, this
study restricts the control group to grids within a 5 km radius of an HSR station, as shown in Column (4), ensuring a more accurate
assessment. Furthermore, since Wuzhong District in Suzhou does not have an HSR station, Column (5) presents DID regression results
after excluding samples from this area. These sub-sample regression results demonstrate that the coefficient of HSR opening remains
significantly positive after controlling for geographically relevant factors, thereby underscoring the reliability of the baseline
regression findings.

4.4.4. Placebo tests

In order to eliminate the possibility of spurious estimates, placebo tests were conducted by randomly generating dummy variables
(Jia et al., 2021). Specifically, the original treatment groups were randomly permuted to create placebo treatment groups. The dummy
variables were incorporated into a DID regression analysis, and key statistics such as regression coefficients and p-values were recorded
through 1,000 repetitions of the procedure. Fig. 8 illustrates the kernel density distribution of the estimated coefficients, along with the
corresponding distribution of p-values.

The placebo results show that the true estimated coefficient from the DID benchmark (indicated by the vertical line) significantly
exceeds the maximum of the randomised estimates, and that most p-values are above 0.1 (indicated by the horizontal dashed line),
suggesting that the baseline regressions results are robust against randomness and not unduly influenced by omitted variables.

5. Discussion

This paper examines the intra-city dynamism introduced by the opening of HSR and its impact on new firm formation and economic
clustering. We investigate several inter-related questions: whether HSR induces new firm formation, the timing of these effects, the
specific sectors impacted (with a focus on the Knowledge Intensive Services, Commerce, Transport, and Hospitality Services,
Manufacturing, Construction) and locational heterogeneity.

Using a natural quasi-experimental design, our findings illustrate the causal effects of HSR operation. DID estimation reveals that
HSR significantly boosts new firm formation around HSR stations. This effect persists after controlling for historical agglomeration and
conducting robustness tests. Baseline regression analysis highlights that historical accumulation in Construction, Commerce, Transport
and Hospitality Services, as well as Knowledge Intensive Services, significantly enhancing new firm formation. Dynamic models
further confirm two sectors—Commerce, Transport, and Hospitality Services, as well as Knowledge Intensive Services—benefit most
from the inauguration of HSR, while Construction firms show an earlier but weaker response. Additionally, heterogeneity analyses
confirm that on the Huning line, HSR particularly supports growth in new firms in these two sectors near Suzhou Station (SS) and
Suzhou Industrial Park (SIP) station, both located close to well-developed urban districts with frequent HSR services. In contrast,
Suzhou New District (SND) station, which has a relatively lower HSR frequency, does not exhibit a similarly significant response. On
the national Jinghu line, the newly constructed Suzhou North (SN) station has not triggered the expected economic growth within five
years of HSR integration. Synthesising these findings suggests that HSR arrival in Suzhou catalyses growth and clustering in specific
industries, accelerates new firm formation and optimises local economic restructuring. The most pronounced effects are observed near
HSR stations close to developed urban districts.

The following interpretations can be drawn from the findings. First, the enhanced connectivity and reduced travel times associated
with HSR services lower the transaction costs and facilitate quicker access to expanding markets and resources, strengthening Suzhou’s
capacity to cultivate an environment conducive to the development of agglomeration economies. The reinforced clustering of in-
dustries around HSR stations located near the most developed urban districts tends to create a dynamic business environment that
fosters knowledge spillover and innovation. Such agglomeration effects are known to generate substantial positive externalities and
further benefit from HSR-related network externalities, which in turn attract a higher concentration of firms seeking to capitalise on
these advantages. Consequently, the presence of HSR catalyses a virtuous cycle of growth and development, significantly enhancing
both the local and wider regional economic landscape. Moreover, the opening of HSR effectively reduces communication costs be-
tween firms, optimises resource allocation efficiency (Li et al., 2020), and is accompanied by improvements and investments in
infrastructure and logistics, illustrating the early reaction observed in the Construction industries. While the impact on the
Manufacturing sector was not significant, this finding aligns with previous research (Matas et al., 2020). Specifically, Manufacturing
firms rely more on stable production bases and freight services, and the increased personnel mobility brought by HSR have limited
impact on this sector.

Second, the regression results on location heterogeneity confirm that the impact of HSR opening varies across different HSR station
locations and lines. This variation could be attributed to differences in HSR station characteristics, such as train frequency, geographic
location, connectivity, and surrounding land use. The enhanced positive effects, particularly observed in areas with higher train service
frequency and stronger economic foundations and infrastructure (Deng et al., 2020a), suggest that HSR stations should not be located
too far from city centres. In our study, the stronger economic impacts observed at SS and SIP stations support this argument. SS, located
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in the city centre, has the highest train frequency and is well-connected to public transport (Wu et al., 2021), likely enhancing its
attractiveness to surrounding businesses. Similarly, SIP, situated in the city’s primary development zone to the east (Wei et al., 2009)
and planned as a new urban center, exhibits a stronger economic impact compared to SND, another development zone station. The
relatively weak impact observed at SND could potentially be attributed to the lack of connectivity between high-speed rail station and
the rail transit network (Chen, 2018). HSR stations with transit connections experienced a significant increase in new firm formation
following HSR opening while no such effect was observed at HSR stations without these connections (See Appendix E for details).
Another key consideration is that for existing industrial clusters (various development zones created before HSR), new firms tend to
emerge within or near these areas, favouring established business locations. HSR arrival does not appear to drive relocation to new
station areas. Instead, factors like talent pools, existing firm networks, and good overall transport connectivity are more decisive. This
is supported by insights from a start-up founder in Suzhou Industrial Park’s Creative Industrial Parks (Chen, 2020) and our statistically
significant results showing enhanced economic clustering for both Knowledge Intensive and Commerce, Transport, and Hospitality
Services. This finding also echoes the findings of Artz et al. (2016), who observed that new firms tend to agglomerate in existing
clusters from the perspective of intra-city dynamism.

In contrast, newly developed areas around HSR stations outside existing agglomerations have not yet demonstrated such capability,
as exemplified by Suzhou North (SN) station. Often, government-led initiatives or investments are created to stimulate new firm
formation. For instance, the locational advantage of access to wider markets and clients from the HSR network externalities attracted
new start-up firms to register within the government-led incubator in the SN station zone (Chen, 2020). A potential explanation for the
subdued effect is that rural villages, agricultural land, and ecological areas to the north of Suzhou North Station constrain economic
development around the station, making it difficult to integrate and sustain growth across both the northern and southern built-up
areas. Existing studies indicate that the location and accessibility of HSR stations are crucial prerequisites influencing new firm site
selection (Urena et al., 2009). A travel satisfaction study conducted at three HSR stations, including Suzhou North Station (Hickman
etal., 2015), indicates that, due to the absence of integrated metro services when the HSR services first commenced, reliance solely on
buses, taxis, and private cars for transfers, coupled with a lack of supporting infrastructure, led to a higher rate of dissatisfaction with
the travel experience and a noticeable lack of urban vitality at Suzhou North Station compared to other stations. This issue of urban
vitality is also captured in Wang et al. (2022). Although this accessibility issue could be addressed to some extent following the
availability of metro services linking the station with wider urban districts, as Zhu et al. (2015) argue, this poor accessibility location of
out-of-town new HSR stations reflects the weaker negotiation power of non-central prefectural-level cities, such as Suzhou, compared
to larger regional cities like Nanjing or Shanghai. Moreover, the variations in new firm formation across the two HSR lines suggest
differing economic impacts between regional and national networks. The Jinghu line, serving a national network, may require longer
timeframes and more strategic infrastructure development for Suzhou North station to realise its full economic potential. This implies
that, at least initially, national HSR lines such as Jinghu are less effective in attracting new firms compared to regional lines such as
Huning.

The methodology developed in this study is not restricted to the specific attributes of Suzhou, and the observed patterns are likely
applicable to other cities with similar conditions. The opening of HSR stations in Chinese cities has led to two main development
models, including urban expansion represented by new town development, and reinforcement of the original city centre through urban
redevelopment (Yin et al., 2015). Suzhou North HSR Station, as discussed in this study, exemplifies the former model, as it is located
outside the existing built-up area. Similarly, along the Jinghu HSR Line, Wuxi East and Cangzhou West HSR stations follow the new
town development model, positioned on the outskirts and facing challenges such as limited initial infrastructure and significant
development potential (Su and Yu, 2022). Additionally, the suppressive effect of HSR on new firm formation around Suzhou North
Station aligns with the findings of Wang and Gu (2019a), highlighting how remote location and limited accessibility have hindered
local development. A parallel situation is observed in Changzhou, where the slow pace of development around North Station reflects a
misalignment with the city’s southeastern economic strategies (Wang and Gu, 2019c¢). Echoing these observations, Diao et al. (2017)
found that suburban HSR stations in Guangzhou failed to significantly boost property values, suggesting that poor accessibility and
greater distances can diminish the anticipated benefits of intercity HSR travel. Collectively, these cases illustrate that HSR’s effec-
tiveness in stimulating economic growth depends crucially on its integration with urban planning and alignment with city develop-
ment strategies.

6. Conclusion and policy implications

This study offers new empirical evidence to shed light on the intra-city dynamism of new firm formation and economic clustering
brought about by HSR. Our comprehensive analysis confirms that the inauguration of HSR significantly promotes the increase in the
counts of new firms, and that its effects exhibit time lags, as well as locational and sectoral heterogeneity. Firstly, among all sectors,
Knowledge Intensive Services as well as Commerce, Transport and Hospitality Services firms show the highest responsiveness to the
inauguration of HSR. Conversely, although the Construction sector exhibits slower growth rates, it demonstrates a quicker response to
HSR access. Secondly, HSR stations located near the city centre and Industrial Park district demonstrate a significantly greater positive
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impact on the establishment of new firms compared to the other stations along the same HSR line. However, the inauguration of the
national trunk line station located in a peripheral area of the city, despite connections to national core cities like Beijing and Shanghai,
significantly inhibits new firm birth there.

This paper makes several contributions. First, to our best knowledge, it is the first study to comprehensively examine the causal
impact of HSR on intra-city firm dynamism, utilising a robust analytical framework that disaggregates data by firm type and
geographical location of new firm formation, thereby addressing underexplored aspects in the existing literature. Second, this paper
contributes to the literature on agglomeration economies by offering a finer lens into different locations within cities served by HSR.
Our study confirms the overall positive impact of HSR on the entry of new firms and highlights the variation in these effects across
different economic sectors. Firms in Commerce, Transport and Hospitality Services, and Knowledge Intensive Services benefit and
react most evidently to HSR. Third, our findings also contribute to a deeper understanding of the varied temporal dynamism among
different groups of firms in response to the arrival of HSR, collectively strengthening the evidence for agglomeration effects. Fourth,
this study contributes to the literature and urban strategy discussions concerning the role of HSR in driving new urban development
around new HSR station areas. Our results show that, although there is an overall causal impact of HSR on new firm formation within
the 2 km buffer zone around stations, the proximity benefits are significant only for new firms located near the most developed urban
districts rather than in newly built areas. Finally, this paper contributes to the winner-loser debate between central and non-central
cities connected by HSR. A study focused on Suzhou North Station from 2015 to 2019 (Zhou and Zhang, 2021) reveals that, influenced
by the development of manufacturing in Shanghai, the station has positively impacted the surrounding area’s Manufacturing sector.
However, the Services sectors have not experienced similar growth but have faced setbacks. This underscores that the effects of HSR
are dynamic and multi-dimensional, influenced not only by the local economic structure but also by the economic dynamics of
neighbouring regional centers.

Care needs to be taken in trying to transfer the results from this study to other cities as they are conditioned by the specific
geographical, spatial and industrial structures. Nevertheless, the findings highlight key parameters that need to be taken into account
when attempting to replicate such a study elsewhere. They also offer several policy implications that could be applied beyond the city
examined here. First, the arrival of HSR further stimulates the development of services within an HSR city, particularly in Knowledge
Intensive Services, as well as in Commerce, Transport, and Hospitality Services sectors. Urban industrial policy leveraging HSR
accessibility should therefore strategically support these sectors while mitigating competitive displacement across established eco-
nomic clusters. Second, for non-central prefectural cities considering the development of integrated station-city areas in peripheral
locations, it is crucial to address the inherent challenges such as weaker initial development, limited accessibility, and lower nego-
tiation power. In this context, policies should prioritise careful station-site selection and spatial planning, ensuring the surrounding
land is suitable for development. Special attention should be given to attracting specific economic clusters — such as Construction,
Commerce, Transport, and Hospitality Services — to stimulate early-stage economic growth. At the same time, to support the growth
of these emerging firms, it is advisable to direct manufacturing and other industries less dependent on HSR to areas beyond the im-
mediate station vicinity, thereby minimising potential land-use conflicts. Third, for HSR stations located in newly developed zones,
effective integration with public transport systems—especially rail-based modes such as the subways and trams—is critical to fully
realise the economic potential of these areas. The frequency of train services and its impact on surrounding economic activities must
also be considered. Integrated and strategic planning should address these factors to ensure that the HSR station serve as a true anchor
for driving spatial and economic development.

Lastly, this paper also has some limitations. This study covers the period from 2005 to 2015, with the inauguration of HSR occurring
in 2010 and 2011. Given the relatively short timeframe after the commencement of HSR, the analysis primarily captures short-term
effects rather than providing a comprehensive assessment of long-term impacts. Patience and strategic intervention would be required
to realise realistic long-term effects. Furthermore, the lack of annual HSR frequency data for each station limits our ability to analyse
how variations in service frequency might affect the spatial distribution of new firms. Moreover, our current data do not allow us to
determine whether the clustering of new firms around HSR stations is driven by reduced debt financing barriers, relocation from non-
station areas, or other unaccounted factors. These limitations highlight areas that warrant further investigation in future research.
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Appendix A. Data and methods
Al. HSR frequency

Table Al shows that Suzhou HSR Stations consistently hold the highest train frequency, while Suzhou North HSR Station has seen a
gradual increase in its service frequency in recent years.

Table Al
Inter-city HSR frequency between Suzhou and Shanghai on a typical weekday.
HSR station HSR frequency in 2018 HSR frequency in 2024
Suzhou New District HSR Station (SND) 2 8
Suzhou HSR Station (SS) 112 149
Suzhou Industrial Park HSR Station (SIP) 21 21
Suzhou North HSR Station (SN) 60 81

Source: 12306 China Railway (July 2018 and December 2024).
Note: Both D-trains (conventional high-speed trains) and GC trains (high-speed rail/intercity trains) are included.

A2. Classification Description

The SIC category specifies the classification and codes of economic activities of the whole society. In this study:

The “Manufacturing” sector refers to group C (Manufacturing).

The “Construction” sector refers to group E (Construction).

The “Knowledge Intensive Services” sector includes groups I (Information Transmission, Computer Service and Software), J
(Financial Industries), K (Real Estate Industries), L (Leasing and Business Service Industries), M (Scientific Research, Technical Service
and Geologic Prospecting), P (Education), and R (Culture, Sports and Entertainment).

The “Commerce, Transport and Hospitality Services” sector includes groups F (Wholesale and Retail Trade), G (Transportation,
Storage and Post), and H (Hotel and Catering Services).

The “others” sector consists of groups A (Farming, Forestry, Animal Husbandry and Fishery), B (Mining and Quarrying), D (Electric
Power, Gas and Water Production and Supply), N (Water Conservancy, Environment and Public Facility Management), O (Resident
Service and Other Service Industries), and Q (Health Care, Social Security and Social Welfare).

The distinction between the different industry groupings is based on the understanding that HSR does not affect all economic
activities with the same intensity.

Appendix B. Baseline regression
B1. HSR impact radius test

We began the study with a 1 km buffer around HSR stations, increasing the radius by 1 km in each iteration. Each buffer zone,
representing specific spatial grids, served as the treatment group. Statistical analysis within each zone assessed the average count of

new firms and the impact of HSR. Table B1 shows that HSR’s impact on new firm formation follows an inverted U-shape, with the 2 km
buffer zone exhibiting the highest average CFY.
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Table B1
Statistics on average CFY and treatment effects divided with each buffer zone.

Variables 1 km 2 km 3 km 4 km 5 km
DID Regression HSR(1 km) 5.777*
(2.970)
HSR(2 km) 12.552%**
(3.572)
HSR(3 km) 8.873%**
(2.161)
HSR(4 km) 8.170%**
(1.504)
HSR(5 km) 7.012%%*
(1.125)
_cons 2.693%** 2.444%%* 2.358%** 2.161%** 2.029%**
(0.026) (0.085) (0.094) (0.107) (0.115)
Year fixed Yes Yes Yes Yes Yes
1D fixed Yes Yes Yes Yes Yes
N 21,703 21,703 21,703 21,703 21,703
R-sq 0.327 0.334 0.333 0.335 0.335
Average CFY Treated 7.080 11.768 9.360 8.484 7.525
(23.093) (46.283) (38.180) (34.289) (30.555)
Control 2.669 2.312 2.143 1.837 1.584
(15.325) (12.053) (11.203) (9.300) (8.074)
Counts of grids Treated 33 90 164 269 385
Control 1940 1883 1809 1704 1588

Robust standard errors are in parentheses.
*p < 0.1, ** p < 0.05, *** p < 0.01.

B2. Lag periods setting of control variables

Table B2 presents results controlling for lagged (1-, 2-, and 3-year) historical industry shares, with consistent findings across
specifications. The impact of HSR remains significant.

Table B2
Results of benchmark regression under different lag period settings for control variables.

Variables Counts of new firms per year (CFY)
Baseline n=1 n=2 n=3
(€3] (2) 3 @
HSR¢ 12.552%** 11.459%** 11.686*** 11.172%**
(3.572) (3.444) (3.422) (3.296)
PMF|} 0.001 —0.006 —0.008*
(0.003) (0.004) (0.004)
PCF{:‘I1 0.048%** 0.037%** 0.039%**
(0.009) (0.010) (0.012)
PCHTSF_} 0.033%¥* 0.027%%% 0.0267**
(0.006) (0.007) (0.008)
PKISF{ "} 0.029%** 0.004 —0.009
(0.006) (0.010) (0.012)
POF_} —0.003 —0.010 —0.012*
(0.006) (0.006) (0.007)
_cons 2,444 2.060%** 2.449%** 2.806%**
(0.085) (0.133) (0.139) (0.134)
Year fixed Yes Yes Yes Yes
ID fixed Yes Yes Yes Yes
N 21,703 19,730 17,757 15,784
R-sq 0.334 0.356 0.370 0.393

Robust standard errors are in parentheses.
*p < 0.1, ** p < 0.05, *** p < 0.01.
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B3. Supplementary validation by accounting for historical agglomeration effects

The two-step system GMM regression accounts for time-series dependencies and autocorrelation, using the core explanatory
variable, its lags, and the lagged dependent variable as instruments. A significant HSR effect, independent of historical agglomeration
dynamics, suggests a lasting boost to new firm growth. The equation is as follows:

1
CFYi = a+p x CFYy 1+ »_ peHSRie i+ i+, + 010
k=0
Where ¢, and 7; represent the fixed effect for time and individual grids, respectively.
Table B3 shows that both lagged new firm counts and HSR introductions significantly impact current firm formation, highlighting
the persistent influence of HSR.

Table B3
Results of GMM regression.
Variables CFY
Lag.CFY 1.895%**
(0.096)
HSR 20.594*
(10.740)
Lag.HSR 4.721%%*
(1.672)
_cons —34.161**
(15.537)
Year fixed Yes
ID fixed Yes
N 19,730
AR(1) 0.000
AR(2) 0.229
Sargan 0.000
Hanse 0.996

Robust standard errors are in parentheses.
*p < 0.1, ** p < 0.05, *** p < 0.01.

B4. Elasticity Interpretation of coefficients via logarithmic Transformations

The results in Table B4 confirm robustness and are consistent with those of the untransformed model. Column (1) shows a 35.1 %
increase in new firm counts following HSR opening. Columns (2) to (6) highlight the robust impact of HSR on sector-specific

development.

Table B4

DID regression results with logarithmic transformation.

Variables Ln(CFY) Ln(CMF) Ln(CCF) Ln(CKISF) Ln(CCTHSF) Ln(COF)
m ) 3) “@ 5) 6)

HSR 0.351 %%+ —0.027 0.221 *** 0.294%* 0.358%** 0.078%**
(0.094) (0.035) (0.050) (0.066) (0.082) (0.021)

_cons 0.458%** 0.163%** 0.068%** 0.202%** 0.239%** 0.039%**
(0.002) (0.001) (0.001) (0.002) (0.002) (0.000)

Year fixed Yes Yes Yes Yes Yes Yes

ID fixed Yes Yes Yes Yes Yes Yes

N 21,703 21,703 21,703 21,703 21,703 21,703

R-sq 0.718 0.550 0.437 0.626 0.646 0.304

Robust standard errors are in parentheses.
*p < 0.1, ** p < 0.05, *** p < 0.01.
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Appendix C. Robustness checks of DID baseline regression

C1. Parallel trend test

Transportation Research Part A 198 (2025) 104500

Fig. C1 demonstrates parallel trends in average CFY prior to HSR inauguration, with minimal pre-treatment differences and clear
post-inauguration divergence. Table C1 indicates that HSR openings had no significant effects until Year 3, after which steady growth

is observed.

Average CFY
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Fig. C1. Trends in Average CFY before and after HSR opening.

Table C1
Parallel trend test results.

Variables CFY

pre 5 —2.158
(2.676)

pre 4 0.790
(2.723)

pre_3 —0.334
(2.745)

pre_ 2 —0.612
(2.689)

post_0 0.348
(2.610)

post_1 —0.893
(2.659)

post_2 0.713
(2.450)

post_3 8.089***
(2.914)

post_4 18.214%**
(4.630)

post_5 59.929%**
(15.418)

_cons 2.460%**
(0.110)

Year fixed Yes

ID fixed Yes

N 21,703

R-sq 0.370

Robust standard errors are in parentheses.
*p <0.1, ** p <0.05, ***p < 0.01.
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C2. PSM-DID estimation

Table C2 reports the results of the matching balance test. The results show that the p values of all control variables after matching
are much greater than 0.01, indicating no marked differences between the matched samples in the treatment and control groups.

Table C2
PSM processing results.

Variable Mean % reduct t-test
Treated Control % bias |bias| t p>|t|
PMF U 15.487 13.369 7.3 82.3 1.91 0.056
M 15.487 15.862 -1.3 —-0.25 0.806
PCF U 4.359 1.861 25.6 82.2 7.41 0.000
M 4.359 3.914 4.6 0.80 0.425
PCTHSF U 32.837 11.166 75.5 99.2 23.31 0.000
M 32.837 33.009 -0.6 -0.10 0.921
PKISF U 22.719 8.501 57.4 99.7 17.34 0.000
M 22.719 22.766 -0.2 —0.03 0.974
POF U 1.821 1.932 -1.2 -35.7 —0.28 0.783
M 1.821 1.671 1.6 0.35 0.728

C3. Excluding real estate industry from knowledge intensive sector

Table C3 highlights the consistent statistical significance of the HSR variable and all control variables after reclassifying the real
estate sector from “Knowledge Intensive Services” to the “Other” sector.

Table C3
Results of Benchmark regression after
sectoral reclassification.

Variables CFY

HSR 11.149%%*
(3.296)

PMF —0.008*
(0.004)

PCF 0.039%**

PCTHSF
(0.008)

PKISF —0.003
(0.012)

POF —0.022%*
(0.009)

_cons 2.785%**
(0.138)

Year fixed Yes

ID fixed Yes

N 15,784

R-sq 0.393

Robust standard errors are in parentheses.
*p < 0.1, ** p < 0.05, *** p < 0.01.

Appendix D. Dynamic regression
D1. Wald test
Wald test statistics evaluate the sector-specific impacts of HSR openings, with results detailed in Table D1. Fig. D1 visualises these

findings by year, illustrating the dynamic effects across sectors. These analyses confirm our conclusions regarding the varying impacts
of HSR openings.
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Table D1

Transportation Research Part A 198 (2025) 104500

Coefficient comparisons between economic sectors across different years following HSR opening.

Coefficient Comparison Ist 2nd 3rd 4th 5th Year 6th Year
Year Year Year Year
Knowledge Intensive Services Manufacturing 0.13 0.18 0.13 7.69%* 19.31%**  11.77%**
Construction 0.05 0.21 0.05 2.10 10.49%** 8.29%*
Commerce, Transport and Hospitality 0.17 0.08 0.17 0.76 0.35 0.01
Services
Others 0.05 0.13 0.05 5.34%* 16.83***  11.84%**
Commerce, Transport and Hospitality Manufacturing 1.05 0.00 1.24 6.85%* 20.56%**  16.61%**
Services Construction 0.73 0.01 0.23 3.95*%
Others 0.76 0.00 0.76 6.12%*
Construction Manufacturing 0.35 0.04 4.78* 5.09**
Others 0.00 0.31 0.02 2.88
Manufacturing Others 1.94 0.26 3.42 0.01 13.63%**
*p < 0.1, ** p < 0.05, *** p < 0.01.
The 1st year of HSR Opening The 2nd year of HSR Opening
Manufacturing —e— @ Cocficient Manufacturing R o Cocficient
e 95% Confidence Interval % 95% Confidence Interval
Construction e Construction e
Knowledge Knowledge
Intensive Services Intensive Services
Commerce, Commerce,
Transport Transport
and Hospitality and H0§pitality
Services ervices
Others e Others o
-1 1 2 -2 -1 1
Coefficient with 95% Confidence Interval Coefficient with 95% Confidence Interval
The 3rd year of HSR Opening The 4th year of HSR Opening
Manufacturing e ® Cocficient Manufacturing| - @ Cocficient
w 95% Confidence Interval w9 95% Confidence Interval
Construction L. Construction e
Knowledge Knowledge
Intensive Services Intensive Services -
Commerce, Commerce,
Transport Transport
and Hospitality and Hogpitality
ervices ervices
Others T Others b
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 25 1 2 3 4 5 6 7
Coefficient with 95% Confidence Interval Coefficient with 95% Confidence Interval
The 5th year of HSR Opening The 6th year of HSR Opening
Manufacturing| ® Coeficient Manufacturing| *~ ® Coeficient
m 95% Confidence Interval 9 95% Confidence Interval
Construction — Construction ——
Knowledge Knowledge
Intensive Services Intensive Services
Commerce, Commerce,
Transport Transport
and Hospitality and Hospitality
ervices ervices
Others b Others[ |~
2 4 6 8 10 12 14 10 20 30 40
Coefficient with 95% Confidence Interval Coefficient with 95% Confidence Interval
Fig. D1. Coefficients characterising the dynamic effects of HSR opening on new firms of different economic sectors.
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D2. Dynamic validation considering historical agglomeration effects in each sector

Table D2 shows significant lagged effects of HSR opening across sectors, except for manufacturing, where the effects are insig-
nificant in the current effects. A generalised least squares estimation was used, accounting for heteroscedasticity across panels and
autocorrelation within panels.

Table D2
Results of dynamic equations for each economic sector.

Variables CMF CCF CCTHSF CKISF COF

m (2) 3) “@ )
HSR —0.156%* —-0.180 —-0.015 —0.674 —-0.012

(0.078) (0.110) (0.393) (0.419) (0.033)
L.HSR 0.178 0.797%** 2.655%** 2.361%%* 0.176%*

(0.134) (0.204) (0.821) (0.729) (0.069)
L.CMF 0.292%**

(0.044)
L.CCF 1.057%**

(0.149)
L.CCTHSF 1.180%**
(0.131)
L.CKISF 1.808%**
(0.196)
L.COF 0.332%%*
(0.078)

_cons 0.276%** 0.052%* 0.204* -0.076 0.055%**

(0.015) (0.021) (0.111) (0.119) (0.005)
N 19,730 19,730 19,730 19,730 19,730
R-sq 0.477 0.578 0.672 0.766 0.342

Robust standard errors are in parentheses.
*p<0.1, **p<0.05 *** p < 0.01.

Appendix E. Supplemental heterogeneity regression

Two dummy variables, TA and TN, were created to interact with the HSR variable, indicating whether the HSR station is within
walking distance of rail transit. When a station is accessible, TA = 1 and TN = 0; otherwise, TA = 0 and TN = 1. Table E1 shows that
stations with convenient transit connections experienced a significant increase in new firm formation following the inauguration of
HSR (Column 1), whereas no such effect was observed at stations without these connections (Column 2).

Table E1
Results of supplemental heterogeneity regression.

Variables Counts of new firms (CFY)
@ 2
HSR_TA 15.900%**
(4.694)
HSR_TN 2.183
(1.615)
_cons 2.466%** 2.729%%*
(0.082) (0.010)
Year fixed Yes Yes
ID fixed Yes Yes
N 21,703 21,703
R-sq 0.335 0.327

Robust standard errors are in parentheses.
*p < 0.1, ** p <0.05, *** p < 0.01.
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