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Abstract
The paper uses a detailed data set of new firm formation in a second-tier city in the Yangtze River Delta, China, to provide evidence on the extent to which HSR has facilitated urban economic restructuring. Using location quotients and a probabilistic analysis of the determinants of new firm location, the findings indicate a significant rise of new firm formation after the arrival of HSR and that new firms appear likely to be located in places closer to HSR stations, particularly those with a higher frequency of train service and interchange with metro services are present. As well as HSR other factors such as the designation of development zones, influenced new firm formation in certain locations. The resulting spatial patterns suggest a dynamism of both a reinforced old urban core and a decentralisation process in new urban districts. The paper reinforces the view that more research using disaggregated data is essential to understand the role of HSR in transforming cities and regions in China with implications for other countries using HSR as an instrument of restructuring and transformation. 

Keywords: high-speed rail, firm location, spatial-economic patterns, knowledge-based economy, urban structure, Suzhou, China
10


1.  Transport infrastructure and economic and urban change 
Research on the economic impacts of high-speed rail (HSR) has largely focused on the impact on economic aggregates such as output and employment and on its contribution to the convergence or rebalancing of regions. Recently more attention has been given to a more detailed analysis of the way in which HSR has impacted on urban form and planning as well as the structural changes it has brought to individual cities acting as a major technological innovation, affecting the way firms and labour markets operate (de Urena et al., 2021). This paper uses a detailed data set of new firm formation in one city in China to explore how the development of HSR has reshaped both economic and urban structure. There is evidence of the role not only of external accessibility and connectivity, but also to internal connectivity within the city to HSR. The analysis is based on data from Suzhou, in the Yangtze River Delta Area (YRDA), one of the most advanced agglomerations in China. Suzhou is served by two types of HSR line (national trunk and inter-city) and has four HSR stations. 

The relationship between transport infrastructure and economic development has been studied largely through the impacts on accessibility and cost and hence on agglomeration (Graham et al., 2021). These studies have focussed on the static impact of agglomeration on productivity. By ignoring the more dynamic impacts on location this leads to a prevailing view that HSR is likely to reinforce regional centres and spatial-economic inequality between cities connected by HSR whereas including these factors is likely to lead to a more nuanced outcome (Venables, 2017). 
The increased accessibility generated by HSR affects sectors differently; those with a high knowledge content are more likely to need the interaction afforded by rapid inter-city communications (Tierney, 2012). This is part of the process with which large cities produce agglomeration economies bringing about higher productivity and growth (Glaeser et al., 1992; Glaeser, 2021)). As well as the concentration of firms in a specific industry, the variety of firms and industries and competition between firms helps to raise local development. Regional specialisation in the modern economy may involve the concentration of particular skills rather than the concentration of particular industries (Michaels et al., 2019).
Whilst knowledge flows may not require either proximity or good physical transport links, evidence on clustering confirms the importance of proximity, and good physical communications can extend that proximity over a wider area (Cheng et al., 2015; Chen and Vickerman, 2017). 
A wide range of factors influence the formation of new firms, such as population growth and density, income levels and availability of human and financial capital. However, there is evidence suggesting that transport infrastructure impacts on the spatial distribution of firms and employment locations within metropolitan areas (Mejia-Dorantes et al., 2012; Iseki and Eom, 2019). Moreover, the number of new manufacturing plants increases in areas with good access to major transportation infrastructure (Holl, 2004a; 2004b; 2004c; Fotopoulos and Spence, 1999; Melo et al., 2010). 

The location of HSR stations within cities is also important. HSR stations, especially when integrated with urban regeneration strategies in or near city centres, have generally been considered more successful (Menerault, 1997; Hall, 2009; Delaplace, 2012). In contrast, peripheral HSR stations, which generally provide poor accessibility, appear unattractive (Facchinetti-Mannone, 2013). 
2. Case Study and Data 
Suzhou is a prefecture-level city located to the west of Shanghai in the Yangtze River Delta Area (YRDA), China. The five urban districts investigated in this paper (detailed in Table 1), are Gusu District, at the core, and the four newer urban districts around it, including Suzhou Industrial Park (SIP) in the east (established in 1994), Huqiu in the west (2002), Xiangcheng in the north (2001), and Wuzhong (2000). Wujiang has been excluded from this study because of its recent annexation in 2011. 

Suzhou has four HSR stations served by two HSR lines. The Intercity Huning line from Shanghai to Nanjing, opened in 2010. Operating at 250 kph, it was designed to serve the busy commuting and business corridor, enhancing the economic integration of cities located along that corridor. There are three new HSR stations in Suzhou: Suzhou New District (SND), Suzhou (SS), and Suzhou Industrial Park (SIP). Suzhou North (SN) station is on the 350kph National Trunk Jinghu line, which links Shanghai and Beijing, providing a gateway to Suzhou from a wider area. Each of the four HSR stations is a gateway to one of the urban districts.

Suzhou's metro system came into operation soon after the two HSR lines and has expanded to a network of 164 km, comprising four lines by 2019. Metro Lines 1 and 2 have an interchange with Suzhou HSR station, Line 2 also has an interchange with Suzhou North HSR station. A tramway network within the Huqiu District, has an interchange with Metro Line 1 (Chen, 2018). 



Table 1 Basic Profiles of Suzhou Urban Districts
[image: ]

The travel time to Shanghai from each of the four HSR stations is similar (30-40 minutes), there are significant differences in the train frequencies (Chen, 2020). Suzhou (SS) station has 112 trains per day to Shanghai, SIP station has 21 trains and SND station has only 2. On the Jinghu line, only 60 of a total of nearly 200 trains daily stop in Suzhou North station. 

This paper analyses annual new firm registration data for individual firms for the period 2005 to 2015 provided by the Suzhou administrative bureau for industry and commerce. 59,539 new registered firms in five urban districts (Gusu, Wuzhong, Xiangcheng, SIP, Huqiu) form the basis of the analysis, covering two observed periods for comparison: 2005-2010 (before HSR)  and 2011-2015 (after HSR). Each new firm was codified by economic sector according to the Chinese standard industrial classification (SIC) and by ownership (state-owned or not). Each firm address was geocoded to allow for spatial analyses. The four HSR stations and metro stations (Lines 1 and 2) were geocoded to enable the calculation of distances between firms and nearby metro and HSR stations. 

The number of new firms increased from a total of 15,222 in the pre-HSR years (2005-2010) to 44,315 between 2011 and 2015. All but one sector had an increase in new firm formation post-HSR, but there were significant differences in the rate of increase across sectors. Knowledge-based (Type KE) activities increased their share of new firms compared with a decrease in the share of manufacturing, with science and technology-related activities (Types M and I) showing the largest growth.   

Table 2 shows the distribution of new firms in each industrial sector in each urban district in both periods. Before the arrival of HSR, Gusu showed the largest creation of new firms of all types, with nearly a quarter of new firm registrations, followed by Wuzhong. SIP showed a strong attraction of new firms in several KE activities. After the arrival of HSR, Gusu and Wuzhong still attracted the largest number of new firms. Gusu dominated all KE activities and attracted the largest percentage of new firms in 15 economic sectors. SIP was in second place, attracting new KE activities. With a general decline in the proportion of manufacturing activities, new manufacturing firms were largely created in the southern and northern districts of Wuzhong and Xiangcheng. Xiancheng had more than half of the agriculture firms. Huqiu showed a relatively modest growth in nearly all sectors. 
Table 2 Distribution of New Firm Formation by Standard Industrial Classification in Urban Districts
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Note: The largest proportion of a SIC sector is highlighted in bold brick colour; the second largest proportion is in light blue.  
Source: the authors.

3. Analysis
A variety of methods has been used to analyse the data. Here we restrict this to an analysis of location quotients (LQ) and a logit regression analysis estimating the probability of the impact of HSR and other factors on new firm formation.

3.1 Location quotients 
Location quotients (LQ), as defined in equation (1), were used to measure industrial specialisation in each zone relative to the whole study area. The zones were defined as the five urban districts and 5km buffer zones around each HSR station. 

LQ=   ………………………………………………………..………………………….(1)

where
 = number of firms of type j (manufacturing or knowledge-economy) in zone a
 = number of all types of firms in zone a
 = number of firms of type j in the whole study area, 
  = number of all types of firms in the whole study area.

Table 3 summarises the measures of industrial specialisation for manufacturing and KE firms before and after HSR, in terms of five ranges of LQ scores from below 0.5 to more than 2. The whole study area acts as a reference, where LQ is set at 1 for both before and after HSR periods for comparison.

The results provide an insight into changes in the economic and urban structure of each urban district. For instance, after HSR, although it had the largest share of new firms across all KE sectors, Gusu did not show the highest LQ scores when compared with SIP. Gusu did, however, have higher LQ scores than some individual KE activities after HSR.

Analysis of the buffer zones explored whether zones around the HSR stations attracted specific types of firm; whether there were any differences between the four HSR stations; and whether LQ scores differed between the relevant urban district and its station gateway buffer area? The LQ scores from the Suzhou station (SS) buffer zone were similar to those for Gusu as a whole but with generally higher LQs before HSR and lower after HSR, suggesting that proximity to SS was not necessarily a key factor in firm location. The SIP station buffer zone showed the highest LQs for all KE firms, both before and after HSR, but LQ scores for most KE firms had dropped after HSR. The SND station buffer zone showed a minor increase in LQ scores across all types of firms after HSR, although the LQ scores for KE firms remained lower than 1, whilst that of manufacturing increased to 2.02. For the SN station buffer, a minor increase in LQ scores was shown across all types of firms except finance and real estate firms. The higher LQ scores in information transmission, finance, and culture/sports/entertainment firms in particular showed that the station area was more attractive than the overall Xiangcheng district.   

Table 3 Industrial Specialisation of New Manufacturing and Knowledge-Based firms   
[image: ]
Source: the authors. 

These findings reflect the arrival of HSR against a background of ongoing urban transformation, during which time the initial urban expansion from Gusu to the surrounding new districts had evolved to a new phase. Before the arrival of HSR, SIP and, to a lesser extent, Huqiu, in the east and west of Suzhou respectively, were the initial focus of urban expansion and foreign investment in manufacturing. This was followed by new development strategies targeting KE activities through strong intervention in newly designated development zones (Wang et al., 2015). New manufacturing firms were encouraged further south and north to relatively new urban districts, such as Wuzhong and Xiangcheng. A return to Gusu seemed to occur in new KE firms registered after the arrival of HSR. 

The development of the urban transport network through the metro and tramway systems also improved accessibility to the HSR stations possibly lessening the need for proximity to an HSR station.

3.2 Logit regression analysis: the probability of new firms’ location 
The probability of a new firm locating close to a HSR station can be expressed as a linear function of a range of explanatory variables as in equation (2):
 
 …. (2)

A set of five buffer zones ranging from 1km to 5km around each of the four HSR stations was used to generate a total of 20 logit regressions. The details of the explanatory variables are given in Appendix Table A1. Table 4 summarises the results of a firm of given characteristics locating at a particular place. 

There are four key findings. First, two HSR buffer zones show a high probability of attracting new firms. Suzhou North (SN) station appears most likely to attract new manufacturing firms, and the closer a location is to the SN station, the higher the likelihood. The SN station buffer zone also shows the likelihood of attracting IT/computer/software and finance firms, which seems to reflect active state intervention in developing a new town with CBD functions around SN station (Chen, 2020). SIP station shows a very strong tendency to attract several kinds of new KE firms in the 2-5 and 3-5 km buffer zones consistent with the location quotient analysis. 

Table 4 Summary of Logit Regression Results (Odds ratios)
[image: ]
Note: 
1. The degree of statistical significance:  * = p<0.05; ** = p<0.01; *** = p<0.001.
2. This table summarises the logit regression results. 
Source: the authors. 

Second, new firms are generally more likely to locate near HSR stations. This is less true of proximity to metro stations, with the exception of Suzhou and SN Station, which have interchanges with metro lines, suggesting that interchanges between HSR stations and metro lines provide an attractive location for new firms.

Third, the results reflect the role of designated development zones in new firm formation; most clearly close to SN and SND stations. In contrast, the impacts of development zones are found outside the 1-5 km buffer zone of Suzhou station, and there is no significant impact on SIP station buffer zones.  

Fourth, regarding the timing of firm creation, new firms were more likely to agglomerate around Suzhou station and SN station after the arrival of HSR in 2010, in contrast with the results found in SND and SIP station buffers. This result appears in line with the relative train frequencies available at these HSR stations. 
4. Conclusions 
This paper uses evidence on the location choices of individual firms to help understand the spatial-economic restructuring processes following the introduction of HSR. This territorial transformation shows both a reinforced old urban core and a decentralisation process in new urban districts. This occurs against a background of widespread economic restructuring, growth of service and knowledge-based sectors, and transformation of some older manufacturing sectors. 

ail frequency and available interchange with metro services are shown to be critical factors enabling development beyond HSR hubs into wider urban districts and reinforcing existing key clusters. Meanwhile, the role of intervention (either HSR or non-HSR-focused) appears closely linked with development variations. It is also recognised that the interplay of national and local planning decisions is particularly significant in China, with HSR often being used as an instrument of urban restructuring (Wang, 2016). This paper reinforces the view that more disaggregated and qualitative research is essential to better understand the role of HSR in transforming cities and regions in China with implications for other countries using HSR as an instrument of restructuring and transformation.
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Appendix

Table A1 Measured Variables in Logit Regression Analyses
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Source: the authors.
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sub-groups in these two.
Registered rcapital Continuous The total amount of capital registered 335.3408 2536.347 0.0001 335000
capital (Unit: with individual new firms.
¥10000)
State-owned soe Binary New firms were categorised in either 0.007358 0.085465 0 1
enterprises (YES=1; state-owned or not state-owned.
NO=0)
Driving traindis Continuous The shortest driving distance from the 9.213034 5.999835 0.001 54.399
distance to the (Unit: meter) firm to nearest HSR station (see section
nearest HSR 3.2 and footnote 2)
station
Driving metrodis Continuous The shortest driving distance from the 4.969714 5.223468 0.001 46.794
distance to the (Unit: meter) firm to nearest metro station (see
nearest metro section 3.2 and footnote 2)
station
Year of new year Continuous Year of new firm registration was 2012.474 3.030586 2005 2015
firm registered considered as year of new firm
formation. The time can be used to
compare the quantity change and
spatial distribution of different
companies before and after HSR.
Information IT Binary Type I: Information transmission, 0.053305 0.224644 0 1
transmission, (YES=1; computer service and software (IT)
computer NO=0)
service and
software
Finance Finance Binary Type J: Financial industries (Finance) 0.002167 0.046503 0 1
(YES=1;
NO=0)
Real Estate Real Binary Type K: Real estate industries 0.028207 0.165564 0 1
Estate (YES=1; (RealEstate),
NO=0)
Leasing and Business Binary Type L: Leasing and business service 0.160638 0.3672 0 1
Business (YES=1; industries
services NO=0)
Scientific Science Binary Type M: Scientific research, technical 0.092852 0.290227 0 1
research, (YES=1; service and geologic prospecting
Technical NO=0) (Science)
services and
Geologic
prospecting
Education Education Binary Type P: Education (Education) 0.00257 0.050634 0 1
(YES=1;
NO=0)
Culture, sports CulSpEn Binary Type R: Culture, sports and 0.012398 0.110656 0 1
and (YES=1; entertainment (CulSpEn)
entertainment NO=0)
Manufacturing Manufa Binary Type C: Manufacturing 0.131911 0.338397 0 1
(YES=1;
NO=0)
Firms created afte2010 Binary HSR service in Suzhou began in 2010. 0.744292 0.436262 0 1
after 2010 (YES=1;
NO=0)
Located in dzone Binary New firms are identified with a new 0.450668 0.497565 0 1
designated (YES=1; attribute whether or not they are located
development NO=0) within any development zones which
zone have been widely applied in China to

promote economic development through
state intervention such as large-scale
investment and incentives.

Note: ! Corp. refers to above 2 but up to 200 sponsors with minimum registered capital which is CYN 5 million. The company capital is a composed sort of
shares. Each shareholder as a legal person, responsible for the company with the limited number of shares subscribed. 2Ltd. refers to the establishment of
capital with less than fifty shareholders. Each shareholder assumes limited liability for the company to the extent of its subscribed capital contribution, and
the legal person of the company assumes full responsibility for the company's debt with all its assets. Ltd. is suitable for small and medium-sized start-up

companies that are not Corp.




