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Abstract

:

China’s High-tech Industrial Development Zones (HTZ) are industrial agglomeration areas established by the local government to foster economic innovation. As springboards for cities to implement innovation-driven development strategies, HTZs have significant spillover and driving effects on urban ecological innovation. Based on panel data taken from 215 cities between 2003 and 2016, this paper empirically analyzes the impact of HTZ construction and its mechanisms as they pertain to urban ecological innovation. This analysis is framed by the double difference model and the intermediary effect model. It found that HTZ construction can effectively enhance urban ecological innovation, and formidably promote ecological innovation in central and eastern cities, as well as cities with superior scientific and educational resources. The intermediary mechanism analysis revealed that HTZs result in a policy depression effect, which may promote the agglomeration of urban innovation factors (including high-quality talents and investment), thereby bolstering urban ecological innovation. Moreover, HTZs’ investment agglomeration effect is primarily responsible for driving urban ecological innovation. Indeed, the HTZ construction may not only promote the local ecological innovation, but also have a significant spillover effect on the ecological innovation activities of other cities in the province.
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1. Introduction


China is the most populous country in the world: facing the tremendous pressures of economic growth while bearing the heavy burden of the ecological environment. The nation’s eco-environmental problems became particularly prominent in 2014. Of the 161 cities monitored according to the new air quality standards issued in 2012, the annual average compliance rate is less than 10%. Precipitation monitoring data show that the proportion of acid rain in cities has reached 29.8%, with an average frequency of 17.4%. For governments to manage the ecological environment, it is necessary to accelerate the promotion of scientific and technological innovation [1,2]. Yet, the former bears the consequences of the latter. For example, substituting chemical fertilizer with traditional farm manure has improved agricultural production efficiency, but it has also resulted in land and water pollution. Moreover, automobiles and other modern means of transportation are more efficient than their archaic predecessors, but they have also generated noise, air, and other forms of pollution. For this reason, Brawn and Wield (1994) presented the concept of green technology, which consistently advocates technological advancement activities with both ecological and economic benefits [3]. Subsequently, James (1997) introduced the concept of ecological innovation to summarize new products or processes that benefit the ecological environment and potentially create economic value [4]. The tenets of ecological advancement are low pollution, sustainability, and high efficiency—which may promote economic growth while ensuring ecological benefit. Thus, this approach is significant in its ability to promote the development of China’s economy in ways that are both refined and sustainable [5].



Scientific and technological innovation requires a solid industrial foundation and a good environment. Moreover, industrial agglomeration is of major importance to innovation activities, which boost the level of innovation in many ways, e.g., by enhancing knowledge spillover [6]. It is precisely due to the agglomeration economy’s characteristic of increasing scale returns that there are different types of agglomeration areas (e.g., industrial and innovation clusters) in countries all over the world. The development of Chinese innovation clusters differs to the spontaneous agglomeration regulated by the market mechanism in that it bears the distinct characteristics of government guidance [7]. For example, Beijing Zhongguancun Science and Technology Park is China’s first national HTZ. It is also the first independent national innovation demonstration zone and scientific and technological innovation agglomeration area to be promoted by national policies. In 1988, the State Council approved the establishment of the Beijing High-tech Industry Development Experimental Zone (renamed Zhongguancun Science and Technology Park in 1999), which was uniformly planned and managed by the Beijing Municipal Government. High-tech parks planned and overseen by central or local governments continue to emerge and become a mode of agglomeration economic development with Chinese characteristics.



Reasonable economic zone planning is an important safeguard in the urban economic development promotion process. Thus, a series of studies have examined the innovation ability and level of HTZs and science and technology parks. For instance, both Goetz and Ru-pasingha (2002) and Corrocher et al. (2019) found that firms in science and technology parks perform better in the areas of innovation output and efficiency due to the favorable conditions of collaborative innovation among innovation subjects, knowledge spillover, and scale economy [8,9]. Xie et al. (2018) found that HTZs are important policy tools and vehicles for the government to both engage in and lead the development of the local innovative economy [10]. Another reason that HTZs/science and technology parks foster advancement is the fact that park enterprises often work closely with research and development (R&D) universities and research institutions [11]. The greater the institutions’ participation in the park construction, the better the parks’ innovation performance will be [12,13,14]. High-tech enterprises, especially high-quality foreign investment agglomeration, are also an important reason for the parks’ improved innovation level [15,16,17].



Unlike the aforementioned researchers, Bai et al. (2015) examined the innovation performance of national HTZs in different Chinese provinces and found that their R&D and production departments were inefficient [18]. Moreover, the disconnect between the departments lead to low operational efficiency and serious waste of innovation resources. For their part, Yang and Guo (2020) observed that while the innovative ability of local HTZs is gradually improving, it is still at a relatively low level overall [19]. Cao (2004) investigated the reasons for this developmental lag, which included the path dependence of development model, the innovation system’s protracted construction, lack of innovation incentives for enterprises, unclear definition of property rights, etc. [20].



Notably, the former research presents certain problems: (1) it regards HTZ as a regional concept, and (2) it analyzes and compares the zones’ innovation capability and performance using the empirical analysis method. There are few studies on the dynamic characteristics of urban ecological innovation pre- and post-HTZ. Still, as previously stated, HTZs are innovation agglomeration areas under governmental guidance, and an important policy method and tool for the state to promote scientific and technological advancement. Accordingly, this is not only a regional concept, but a policy concept, too. Notably, there remain differences in the existing literature on the level of scientific and technological innovation in HTZs. Moreover, research on ecological innovation’s impact on HTZ establishment is lacking. Thus, this paper will examine the impact of China’s national HTZ construction on the urban ecological innovation level, as well as its mechanisms.



This paper differs significantly from the previous literature in that it introduces the concept of the national HTZ as a policy concept into the empirical analysis. Moreover, it examines the impact of HTZ construction on urban ecological innovation and its heterogeneity using the double difference model. It found that establishing national HTZs promotes urban ecological innovation. Moreover, HTZs are more impactful in promoting ecological innovation activities in core cities, cities in eastern regions, and cities with high-quality scientific and educational resources than they are in peripheral cities, cities in central and western regions and cities with sub-par scientific and educational resources. This discovery expands the research on national HTZs’ innovation effect and affirms the government’s crucial role in forming and developing innovation agglomeration areas as well as regional ecological advancement. Furthermore, it provides a new model for the economic development through in other countries: one in which the government promotes and leads the construction of agglomeration areas.



While it is important to investigate the impact of national HTZ construction on urban ecological innovation, investigating their internal mechanisms can provide the reference value needed to enhance both theory and policy making. The study found that national HTZ construction promote the agglomeration of high-quality talents and boost social investment into fixed assets, thus bolstering the level of urban ecological innovation. It is evident that HTZs’ factor agglomeration effect is a key component in process of promoting urban ecological innovation, and the intermediary effect accounts for about 62.38% of the total effect. This conclusion illuminates the process by which HTZ construction promotes urban ecological innovation and provides more detailed evidence about, and insight into, the ecological innovation effects.



Furthermore, due to the high mobility of innovation elements and the strong externalities of innovation activities, implementing innovation policies in a given region may significantly impact innovation in surrounding cities. This externality is either a spillover effect or a siphon effect. In China, a country of “political centralization and economic decentralization”, the unique political system ensures that HTZ policy has a dissimilar impact on different surrounding cities. Notably, the existing research does not sufficiently engage the external characteristics of national HTZs. Accordingly, this study finds that spatial heterogeneity—“cooperation within the province and competition outside the province”—is characteristic of HTZs’ ecological innovation effect. HTZ development has a significant spatial spillover effect on other cities within the province but has a notable siphoning effect on neighboring cities outside the province. This is mainly due to the competitive inter-regional relationship between provincial governments under China’s special centralized political system. Conversely, cities in the province have formed a cooperative relationship under the planning guidance of the same provincial government.



From this point, the paper is structured as follows. Part two introduces the China’s national HTZ development, and analyzes the mechanisms of their impact on urban ecological innovation. Finally, it presents the research hypotheses. Part three introduces the methods and data used in the empirical analysis, while part four is comprised of the results and discussion sections. The last part summarizes the main conclusions of this study, considers its limitations, and discusses avenues for further research.




2. Theory and Hypotheses


2.1. The Impact of HTZ Construction on Urban Ecological Innovation


The HTZ is a designated area in the city that serves to develop high-tech industries. It is an important tool to promote the commercialization, industrialization, and internationalization of China’s high-tech achievements [21]. Since the approval of Beijing Zhongguancun Science and Technology Park in 1988, the construction of China’s National HTZ policy has continued to evolve for over 30 years. Moreover, it has progressed in the way of high-tech industry cluster development with Chinese characteristics. With a unique developmental model, HTZs have gradually become an important part of the local urban innovation system [22]. The Zhongguancun Science and Technology Park has leading industries which span six fields, including electronic information, new materials, and biomedicine. In 1991 and 1992, the state approved the establishment of more than 50 national HTZs in Tianjin and other cities, and each HTZ has its own unique leading industries. Over the next decade, this growth rate slowed, followed by a trend of ongoing acceleration that began in 2010. Indeed, the state greenlit HTZs in 25 cities, including Yingkou and Kunshan, that same year. From 2011 to 2018, the number of national HTZs increased by 85, and currently stands at 169 (including Suzhou Industrial Park). Notably, HTZ development is not only reflected by their numerical increase, but also their major economic volume. Establishing these zones provides a strong momentum for China’s economic growth. For example, in 2019, the HTZs produced a GDP of 12.2 trillion yuan (accounting for 12.3% of the national GDP), and paid taxes and fees of 1.9 trillion yuan (accounting for 11.8% of tax revenues).



Notably, HTZs have two key functions that enable them to enhance ecological innovation in parks: leading innovation direction and gathering innovation elements. Both these functions can maximize the scale economy effect of ecological innovation activities. On the one hand, government departments embrace the advantages of total information collection and processing, assess the frontier technology of ecological innovation more accurately, and will encourage enterprises in HTZs to implement this innovation through strategic guidance. In 1991, for example, the state promulgated the conditions and measures for recognizing high-tech enterprises in HTZs. According to the modern global context of science and technology development, this policy defines the scope of high-tech, which includes: material science and new material technology, energy science and new energy, high-efficiency energy-saving technology, ecological science and environmental protection technology, and other ecological innovation technologies. These policies engender detailed plans for developing ecological innovation frontier areas. These areas, in turn, can stabilize the confidence of innovation subjects and investors. Moreover, they may prompt social advancement resources to gather therein by using subsidies and innovation incentives—which can effectively promote the ecological innovation of HTZs.



On the other hand, the government will establish a policy depression in HTZs through subsidies, tax incentives and other measures that attract high-tech enterprises and high-quality R&D talents. This will be supplemented by a strict ecological threshold, and environmental regulation policies, so as to improve HTZs’ ecological innovation level. For example, in 1991, the state promulgated interim provisions on several HTZ policies and provisions on HTZ tax policy. The government also gave corresponding policies to the high-tech enterprises engaged in frontier ecological innovation in the park. These preferential policies accounted for import and export goods licensing, tariffs, capital credit, price protection, tax preference, etc. The state subsequently revised relevant policies and regulations in 2000, 2006, and at many other points. In this way, it constantly optimized policy programs, while supporting and leading scientific and technological advancement activities, including ecological innovation. In addition, the newly issued document, “Several opinions of the State Council on promoting the high-quality development of national high-tech industrial development zones” notes the need to: (1) promote the construction of ecological industrial demonstration parks in HTZs, (2) actively encourage all kinds of green and innovative resources to participate in the construction of HTZs, (3) strictly control the entry of enterprises with high pollution, high energy consumption, and high emissions, and (4) create green and intelligent science and technology parks.



Beyond potentially promoting the ecological innovation level of HTZs, a series of preferential policies may exact important spillover and driving effects on the ecological innovation of the city where the park is located [23]. The innovation network of HTZs extends beyond the park’s interior to the entire city and even further, thereby exacting a radiation driving effect on urban ecological innovation [21]. There will be various innovation-related connections between the enterprises in the HTZs and the enterprises, universities, or scientific research institutions in the city where they are located. This kind of connection may use personnel flow or products and raw materials as the carrier, or it may entail the direct transfer of ecological technology. Due to HTZs limited special capacity, the green industry and innovation elements associated with the industries in HTZs are not just concentrated in the zones themselves, but distributed around them. Spanning the entire city, they are interrelated and drive each other to increase the urban ecological innovation level. Furthermore, constructing HTZs both accelerates the agglomeration of high-tech industries and forms a huge gap between high-tech and ecological knowledge. Indeed, the formidable demand for knowledge will force science and education resources, such as universities and scientific research institutes, to integrate and agglomerate around the HTZ. This will strengthen the cooperation toward ecological advancement both in and outside the zone. Enterprises within HTZs strengthen cooperation with innovation subjects without—or transfer green technology—forming an innovation network that covers the whole city. As ecological technology inside spreads beyond the HTZ, and urban ecological advancement is promoted [24].



Based on the above analysis, this paper proposes the following hypothesis.



Hypothesis 1.

Constructing HTZs will promote the urban ecological innovation level.






2.2. The Heterogeneity of Science, Education Resources, and Regions


Cities have differ in economic scale, ability to gather innovation factors, innovation resource allocation efficiency, ability to develop sustainable environments, capacity for central policy acquisition, and implementation ability. These differences may also foster the HTZ construction’s disparate impact on ecological innovation. From the perspective of urban function, the central city is often the focus and forerunner of national or regional economic development strategy. It also has a high level of scientific and technological innovation and can be deemed an ecological environment. For the sake of brevity, this paper defines the municipality directly under the central government, the provincial capital city, and the sub provincial city as the central city. Compared to peripheral cities (all that do not fall under the “central city” definition previously stated), central cities have a strong capacity to gather innovative elements, and promote urban ecological advancement. This is by virtue of the scale, policy, and innovation elements of their economic development [25]. The geographical advantages of the central city are further strengthened after the HTZ is established. This helps to attract more innovation resources and creates an industrial and factor context that is conducive to ecological innovation.



In peripheral cities, however, science and education resources are relatively poor, and scientific and technological innovation starts comparatively late. Beyond starting late, it is still production-oriented, and the market value of scientific and technological innovation is emphasized while its ecological value is ignored. Thus, constructing HTZs in peripheral cities may generate a significantly weaker ecological innovation effect than it does in central ones.



From the perspective of regional differences, Eastern China has a high level of openness to the world, rich science and education resources, a good industrial foundation, and ideal infrastructure. The gaps that other regions face regarding capital, talent, and infrastructure is small, thus urban innovation is relatively high. In other words, a solid economic, scientific, and technological environment enables Eastern Chinese cities to engage in ecological innovation. At this time, constructing HTZs with a series of ecological and environmental protection requirements and thresholds will encourage enterprises to engage in ecological innovation to enjoy the preferential policies that come with HTZ entry.



In Central and Western China, economic development is lagging, and the scientific and technological foundations of ecological innovation are relatively weak. Though establishing an HTZ may promote urban innovation to an extent, these regions pay more attention to economic scale: prioritizing the economic benefits of scientific and technological advancement and ignoring ecological benefits. Thus, the impact that HTZ establishment exacts upon ecological innovation is significantly stronger in Eastern China than Central and Western.



It is also necessary to consider differences in science and education resources, as their quality directly determines the standard and level of urban innovation. Disparities in these areas may also contribute to HTZs’ differential impact on the urban ecological innovation level. Cities with superior resources constitute an environment conducive to scientific and technological innovation. Accordingly, HTZ construction may integrate the high-quality innovation resources of cities, form an efficient collaborative innovation system, and play a more significant role in promoting urban ecological innovation. Conversely, cities with relatively low quality resources are, of course, less conducive. It is possible for HTZ construction to leverage the potential of urban innovation and somewhat improve its vitality. However, due to the resource shortage, HTZ construction has a marginal impact on urban ecological innovation.



Based on the above analysis, three hypotheses are proposed.



Hypothesis 2a.

The impact of HTZ construction on urban ecological innovation is characterized by urban hierarchy heterogeneity, meaning ecological innovation promotion is significantly stronger in central cities than peripheral ones.





Hypothesis 2b.

The impact of HTZ construction on urban ecological innovation is characterized by heterogenous science and education resources, meaning ecological innovation promotion is significantly stronger in cities with high quality science and education resources than those with low quality ones.





Hypothesis 2c.

The impact of HTZ construction on urban ecological innovation is characterized by regional heterogeneity, meaning urban ecological innovation promotion is significantly stronger in Eastern Chinese cities than in Central and Western ones.






2.3. The Role of Agglomeration Ability of Urban Innovation Elements


Unlike the spontaneous agglomeration under the market mechanism seen in most countries, China’s HTZs are traction agglomeration zones spearheaded by government policies and local development strategies. The combination of various preferential policies makes the HTZ a policy depression: attracting high-quality innovative talents and innovative capital [26]. On the one hand, the innovation activities of enterprises in the agglomeration zone benefit from special development policies (e.g., low land price and preferential taxes that are lower than those in the external THZs). These policies reduce the burden that enterprise operating costs bear on the innovation funds of enterprises in HTZs. They also guarantee capital supply for enterprises’ ecological innovation activities, and foster enterprise ecological innovation itself. Entering HTZs need to meet the high ecological threshold, as this will force enterprises to actively implement ecological innovation activities.



On the other hand, HTZs’ efficient administrative service and their policy guidance on scientific and technological innovation will encourage high-tech enterprises to gather in the park, thus driving the ecological innovation of HTZs and cities [27]. For example, to protect the legitimate innovation income of enterprises, HTZs encourage them to apply for, and maintain, patents. They also reinforce the protection of enterprises’ intellectual property rights. To encourage enterprises to participate in collaborative innovation, the HTZ management department has bolstered subsidies and support for the joint construction of an R&D platform by schools and enterprises. In 2001, the Ministry of Science and Technology proposed that HTZs should realize “secondary entrepreneurship” and strengthen the guidance and policy support for connotative development ideas [23]. This was done to steer HTZs from an investment-driven developmental mode to an innovation-driven one. A series of policies and measures will have a significant role in promoting ecological innovation and other innovation activities. Moreover, the ideal HTZ infrastructure creates convenient conditions for enterprises to implement ecological innovation activities. These, in turn, may attract quality foreign investment capital and improve the ecological innovation level of HTZs.



Urban ecological innovation is inseparable from innovative talents and entrepreneurs. People, especially superior talents, are the most critical and active components of ecological innovation. Notably, HTZs also issue a series of preferential policies for talents, which can stimulate and protect entrepreneurship and attract people with innovative and entrepreneurial skills. For example, “measures to improve innovation ability and optimize innovation environment” (the latest such document issued by Foshan HTZ), awards high subsidies to help remarkable innovative talents build a talent gathering highland. Financial subsidies will be given to doctoral or master’s degrees holders who secure employment in the HTZ. Doctoral research start-up projects and outstanding youth research projects will be rolled out to encourage young talents to engage in innovation and R&D work. Furthermore, other HTZs provide innovative talents with various subsidies and tax-related preferential policies. For example, Changsha HTZ provides an interest subsidy that skilled workers’ may use on their mortgage. Jining HTZ issues a living subsidy of up to 500,000 yuan to enterprises that employ high-level foreign experts. Beijing Zhongguancun HTZ implements an evaluation policy that aims to attract highly skilled foreign nationals and help them secure permanent residence in China. These strategies create a policy environment that ensures that HTZs may secure high-quality talents, thus producing the human capital necessary for urban ecological innovation.



Based on this analysis, we propose the following hypothesis.



Hypothesis 3.

HTZ construction can strengthen the agglomeration ability of urban innovation elements, promote the agglomeration of urban investment factors and talent elements, thereby enhancing urban ecological innovation.






2.4. The Siphoning Effect of HTZ Construction


The agglomeration of urban innovation elements is not a Pareto improvement process. While HTZs are constructed and innovation resources gathered, innovation elements in neighboring areas may be lost. Generally, an HTZ may attract the innovation elements of surrounding and provincial cities through low land prices and preferential tax policies outside the HTZ city. While improving the ecological advancement of HTZ cities, this siphons the ecological innovation of surrounding and provincial cities while stifling their progress. Based on this, we propose the following hypothesis.



Hypothesis 4.

HTZ construction will not only improve the level of urban ecological innovation, but also siphon the ecological innovation activities of surrounding cities and inhibit their ecological innovation.







3. Methodology


3.1. Estimation Models


China’s 169 HTZs span 158 cities. HTZs are not only located in the eastern regions of China with high development levels, but also in the central and western regions with low development levels, representing that the selection of policy group samples has certain random characteristics. With that in mind, this paper views HTZ establishment as a quasi-natural experiment to assess the impact of HTZ construction on urban ecological innovation. Cities that instituted national HTZs from 2003 to 2016 constitute the experimental group, and those without them are the control group. Since China’s HTZ establishment expands year by year, the traditional double difference model is limited in its ability to observe the effect of policies implemented at just one point in time. Thus, this paper uses the practices of Autor (2003) and Bertrand and Mullainathan (2003) as a reference to build a multiperiod double difference model [28,29], as shown in Formula (1):


  i n n  o  i t   =  α 0  +  α 1  H T  Z  i t   +  ∑   α j   X  j i t   + u + t +  ε  i t    



(1)







In the above formula,   i n n  o  i t     represents the ecological innovation level of city  i  in year  t .   H T  Z  i t     is a dummy variable, which indicates whether city  i  has established an HTZ in year  t , which is the core explanatory variable of this paper.    X j    represents the set of other control variables that affect urban ecological innovation, including the level of openness, human capital, and so on. Moreover,  u  and  t  represent individual dummy variables and year dummy variables, respectively, to control for time and individual fixed effects, while  ε  is random error term.



To test Hypotheses 2.1–2.3—that is, to investigate the differential characteristics of the impact of HTZ construction on ecological innovation in different cities—this paper further constructs a regulatory effect model, as shown in Formula (2):


  i n n  o  i t   =  α 0  +  α 1  H T  Z  i t   +  α 2  H T  Z  i t   × H +  ∑   α j   X  j i t   + u + t +  ε  i t    



(2)







Here, H is the virtual variable of city characteristics, including the virtual variable of city hierarchy, the virtual variable of urban science and technology resource quality, and the virtual variable of urban location.    α 2    reflects the difference in the impact of HTZ construction on urban ecological innovation under different urban characteristics.



To analyze the mechanisms of HTZ construction’s influence on urban ecological innovation—that is, to test Hypothesis 3—we set up the regression models shown in Formulas (3) and (4) using Baron and Kenny (1986) as a reference, and formed an intermediary effect model with Formula (1) [30].


   M  i t   =  β 0  +  β 1  H T  Z  i t   +  ∑   β j   X  j i t   + u + t +  ε  i t    



(3)






  i n n  o  i t   =  ϕ 0  +  ϕ 1  H T  Z  i t   +  ϕ 2   M  i t   +  ∑   ϕ j   X  j i t   + u + t +  ε  i t    



(4)







In the two formulas above, M represents the intermediary variable, namely, the talent concentration and investment concentration levels. Based on the significance of    α 1    in the regression model shown in Formula (1), the regression models in Equations (3) and (4) are further estimated to test the impact of HTZ construction on innovation factor agglomeration and the latter’s impact on ecological innovation. If    β 1    and    ϕ 2    are simultaneously significant, HTZ construction will influence urban ecological innovation by affecting the agglomeration of innovation factors. Its intermediary effect is    β 1  ×  ϕ 2   , accounting for the total effect of    β 1  ×  ϕ 2  /  α 1   . If    ϕ 1    in Formula (4) is still significant at this time, then M is a partial mediation variable, and HTZ construction will also affect urban ecological innovation, directly or indirectly (through other mechanisms). If    ϕ 1    is no longer significant at this time, then M is a complete intermediary variable; HTZ construction can only affect urban ecological innovation by influencing M variables, and there is no direct impact nor alternative mechanism.



The preferential policies within HTZs have an agglomeration effect on innovative enterprises. This raises the question of whether HTZs’ policy depression effect will plunder and siphon the innovative resources and elements in the surrounding areas. To answer this question, we employed the research methods of Delgado and Florax (2015) and Paliska (2018), to expand upon a Spatial Difference-in-Differences model [31,32], as shown in Formula (5):


  i n n  o  i t   =  α 0  +  α 1  H T  Z  i t   +  α 2  w H T  Z  i t   +  ∑   α j   X  j i t   + u + t +  ε  i t    



(5)







Here, W represents the spatial weight matrix. Notably, this paper presents three kinds of weight matrices. The intra-provincial correlation weight matrix assumes that the influence of the HTZ policy is limited to the HTZ city and other cities in the same province. Using this tool, we can investigate the externalities of the impact of HTZ construction on the ecological innovation activities of other cities in the same province. The correlation weight matrix of neighboring cities outside the province assumes that HTZs’ influence is limited to the HTZ city and surrounding cities outside the province. From this stance, we can examine the externalities of the impact of HTZ construction on the ecological innovation activities of neighboring cities in other provinces. Finally, the correlation weight matrix between the HTZ province and neighboring cities in other provinces assumes that the influence HTZ policy spans the HTZ city and other cities in that province, as well as neighboring cities in other provinces.




3.2. Variable Measurements and Data


Existing research mostly measures ecological innovation level from the micro perspective. The enterprise data is mainly obtained by issuing questionnaires [33]. Whether the enterprise conducts green technology R&D or has green infrastructure investment and other conditions is what often determines the virtual variable [5,34]. Some literature embraces measures of ecological innovation using the types of enterprise ecological innovation and the level of innovation investment. However, these methods are obviously not suitable for the study of ecological innovation at regional level. Notably, Kesidou and Wu (2020) measure the provincial ecological innovation level by the number of green technology patents obtained by enterprises [35]. Using this approach as a reference, this paper uses a ratio (the number of green invention patents applied for by economic entities in cities to the urban population) as the measure index for urban ecological innovation level.



Evidently, HTZ construction is the core explanatory variable of this paper, which employs virtual variables. We define the year in which the HTZ is established, and its subsequent years, as 1, and the rest as 0. Since some HTZs were established relatively late in some years, the impact on urban ecological innovation was weak. To this end, this paper takes the following approach: if the HTZ was instituted between January and September, the current year is deemed the starting year for HTZ construction in the city. If it was instituted between October and December, the following year is considered the starting point. In addition to this, researchers created a group dummy variable (treat). The cities that HTZ construction between 2003 and 2016 were assigned a value of 1 (the experimental group), and those that did not institute HTZs during that period were assigned 0 (the control group).



Drawing lessons from previous studies, this paper also controls for other variables that affect urban ecological innovation, with consideration given to the degree of openness in the environment, human capital conditions, economic environment, and policy conditions of urban innovation activities [36]. It mainly includes: foreign direct investment (fdi), measured by the proportion of urban foreign direct investment to the regional gross domestic product [37]; human capital level (hum), measured by the proportion of students in colleges and universities to the total urban population [38]; the level of economic development (pgdp), measured by the per capita real regional gross domestic product (GDP) in 2003, which serves as the base period to eliminate the price factor; the level of financial development (fin), measured by the ratio of financial institutions’ balance of deposits and loans to the local GDP at the end of the year and in each city; industrial structure (ind), measured by the proportion of the added value of non-agricultural industries to the regional gross domestic product; government innovation policy (g_tec), measured by the proportion of science and technical expenditure in the government financial expenditure; the level of urban entrepreneurship (entre), measured by the proportion of urban, private, and self-employed people to the urban resident population.



Since HTZ construction began in 1988, and new HTZs were constructed in 2017 and 2018, this paper excludes samples that fall beyond the period in question (2003–2016) to eliminate their impact on the empirical results. The green patent data are obtained by eliminating non-green patent data per the green patent international patent classification code. They were then added to the city when we searched the national patent application data on the State Intellectual Property Office website. The rest of the data comes from the EPS data platform. The statistical characteristics of each index and its correlation coefficient with the level of urban innovation are shown in Table 1. It is evident that the correlation coefficient between HTZ construction and urban ecological innovation level is significantly positive at the level of 1%, which preliminarily shows that HTZ construction plays a role in promoting ecological innovation. Of course, this conclusion requires further testing.





4. Results


4.1. Benchmark Regression


To test HTZ construction’s impact on the level of ecological innovation, this paper first estimates Formula (1), and results are shown in Table 2. Regression (1) only employs HTZ as the explanatory variable, and its coefficient is significantly positive at the level of 1%: indicating that urban ecological innovation has improved post-HTZ construction. This may be due any of these three reasons. First, the time trend effect, in which the urban ecological innovation level continues to improve as time passes. Second, the cities approved to construct HTZ themselves have a higher level of ecological innovation. Third, HTZs have significantly improved the level of urban ecological innovation. Regression (2) further controls the time fixed effect to eliminate the time trend effect’s influence on the estimated results, and the HTZ regression coefficient is still significantly positive. Regression (3) adds the group virtual variable, and it is evident that its regression coefficient is significantly positive. This shows that cities with HTZs have a higher level of ecological innovation than those without, thereby confirming the second potential reason stated earlier.



After controlling the time trend effect and the ecological innovation advantage of the HTZ city, the regression coefficient of the HTZ policy virtual variable is still significantly positive. To eliminate the influence of urban individuals’ characteristics on the estimated results, Regression (4) further controls the fixed effect of urban individuals, and Regression (5) adds other control variables that affect the level of ecological innovation. The regression results show that the coefficient of the HTZ policy virtual variables has always been significantly positive at the level of 1%, indicating that HTZ construction has significantly improved urban ecological innovation. Furthermore, the approval of green invention patent applications is often protracted, so Regressions (6) and (7) treat all explanatory variables with a lag one year and two years, respectively. This may also help avoid the endogenous problems caused by reverse causality. The results still demonstrate that the HTZ regression coefficient remains significantly positive. Thus, the results indicate that HTZ construction can significantly promote urban ecological innovation, and Hypothesis 1 has been confirmed.



Our results are similar to Zheng and Li (2020) and Wang and Feng (2021), but not exactly the same [17,39]. Zheng and Li (2020) confirmed the role of HTZs in promoting technological innovation from the perspective of enterprise agglomeration and industry-university-research cooperation [17]; Wang and Feng (2021) found that HTZs play an important role in regional economic growth and emission reduction [39]. However, neither of them involves the research on the ecological innovation effect of HTZ construction. Our results are a supplement to this research gap. The reason why the construction of HTZs can promote ecological innovation may be based on the factor agglomeration effect of high-tech zones, that is, the construction of HTZs may attract investment with green and innovative attributes and the agglomeration of innovative human capital, thus promoting ecological innovation. We will test these mechanisms later.




4.2. Robustness Test


First, we use alternative measures of explained variables for robustness test. Green patents include invention patents and utility model patents. Here, the ratio of the sum of the two types of green patent applications to the total urban population is used as an alternative index of urban ecological innovation level and estimated using Formula (1). The results are shown in Regression (1) in Table 3. Evidently, the regression coefficient of HTZ virtual variables is also positive under the significance level of 1%. This indicates that the HTZ construction has improved the level of urban ecological innovation, which is consistent with the above conclusion.



Second, this paper uses the propensity score matching method to match samples, then re-estimates them based on the matched ones. In 1991, the State Council issued a circular, the Approval of National High-tech Industrial Development Zones and Relevant Policies and Regulations, which clearly stated that HTZs should be constructed in both large and medium-sized cities and coastal areas home to intensive information and technology resources. Accordingly, it is evident that selecting China’s HTZ sites is not an entirely random process, though there are certain selective deviations in the establishment procedure. Thus, this paper again uses the propensity score matching double difference method as an estimation tool. All control variables were used as matching characteristic variables, based on the samples from 2006, and a one-to-one nearest neighbor matching method was used. Finally, 1036 samples were obtained for the experimental group and the control group. The Formula (1) was estimated using the matched samples, and the result is shown in the Regression (2). Clearly, the regression coefficient of the HTZ policy’s virtual variables is still significantly positive at the level of 1%, which also confirms the robustness of the above conclusions.



Third, this paper needs to exclude the influence of other policy factors from the analysis results. At the urban level, the state has issued a series of targeted policies. Among them, the state’s 2008 pilot policy for innovative cities is the most representative. Furthermore, in view of the weak economic and technological links and the disordered competition among cities, China began to outline a series of urban agglomerations to strengthen innovative links between cities and improve urban innovation. In terms of transportation infrastructure, the state actively promotes the high-speed railway, resulting in time-space compression between cities. This advantage can effectively promote the exchange of knowledge and technology and drive urban ecological innovation. Hence, researchers set a series of policy dummy variables, such as innovative city pilot (innocity), urban agglomeration planning (agglomeration) and high-speed rail (HSR), which are estimated by Formula (1); the results are shown in Regression (3). It is clear that the pilot policies of innovative cities, the planning policies of urban agglomerations, and the opening and operation of high-speed railways have a significant role in promoting urban ecological innovation. After controlling the influence of the three kinds of competitive policies mentioned earlier, HTZ construction still plays a significant role in promoting urban ecological innovation.



Finally, researchers randomize the policy impact: randomly selecting the time of policy occurrence and the experimental group, so as to conduct counterfactual analysis. More specifically, researchers randomly select the cities covered by each of the seven geographical regions of China: Southwest, Northwest, North, and South China are categorized as experimental groups, while East, Central, and Northeast China are control groups. It is assumed that the policy implementation years are 2009, 2010, and 2011. Based on the above settings, this paper constructs a double difference model for estimation, and the results are shown from Regressions (4)–(6) in Table 3. The three sets of regressions correspond to 2009, 2010, and 2011, respectively. Results show that the estimation coefficient of the HTZ policy’s virtual variables has an absolute value of nearly zero 0, thus failing to pass the significance test. It is evident that there is no systematic difference in the trend of urban ecological innovation level between the experimental group and the control group apart from the policy impact of HTZ construction, and that the estimation results are valid.



In summary, our robustness tests based on a variety of methods have confirmed the robustness of the baseline regression results. So, it can be seen that the construction of HTZs in China has indeed raised the urban ecological innovation level.




4.3. Heterogeneity Characteristics Test


First, to test the validity of Hypothesis 2a (that is, to investigate the urban hierarchy heterogeneity of the impact of HTZ construction on ecological innovation), a virtual variable of city hierarchy (hierarchy) is created. The central city is assigned a value of 1 and the peripheral city a value of 0, and these are substituted into Equation (2) for estimation. The results are shown in Regression (1) in Table 4. It is evident that the coefficient of the HTZ policy’s cross multiplier and the virtual variable of city level is positive at the significance level of 1%. This indicates that HTZ’s promotion of ecological innovation is significantly stronger in the central city than the peripheral city, which is consistent with Hypothesis 2a. This may be because HTZ construction strengthens the policy depression effect of the central city, which is conducive to the concentration of urban innovation resources and plays a major role in promoting ecological innovation. In peripheral cities, however, scientific and technological innovation continues to focus on productive innovation aimed at expanding economic scale, and HTZ construction has a relatively weak driving effect on ecological innovation.



Second, to test Hypothesis 2b (i.e., that the impact of HTZ construction on urban ecological innovation is characterized by heterogenous science and education resources), it is necessary to establish the virtual variable of urban science and education resource quality (education). As an important base for personnel training and scientific research activities, colleges and universities can provide appropriate resources for scientific and technological innovation. Thus, they are a key component in the development of an innovative economy. In 1995, the state launched the 211 Project, which serves to support universities in their discipline construction and improve their scientific research. Over the years, being selected to join the 211 Project has become an important indicator that attests to the level of science and education development in colleges and universities. Thus, dummy variables are created for the quality of urban science and education resources based on whether the city has the universities participating in the “211 Project” (an alliance of top-quality universities in China). Their presence is deemed an indication that the city has high-quality science and education resources, and it is assigned the value 1; if the opposite is true, the city it is assigned a value of 0. We substitute the quality of science and education resources dummy variable and the HTZ policy dummy variable into Equation (2) for estimation, and the result is shown in Regression (2). It is evident that the estimated coefficient of the cross-product between HTZ policy and quality of science and education resources is positive at the 5% significance level. This indicates that the HTZ policy has a significantly stronger role in promoting ecological innovation in cities with higher quality of science and education resources than in cities with the opposite, thereby confirming Hypothesis 2b. This is mainly because the presence of such resources creates the necessary foundation for ecological innovation, and HTZ construction itself supports the integration of scientific, educational, and industrial resources related to ecological innovation. In this way, it forms an efficient, collaborative industry-university innovation research system that fosters urban ecological innovation.



Finally, to test Hypothesis 2c (i.e., examine the location heterogeneity of the impact of HTZ construction on ecological innovation), a regional dummy variable (location) is established, with a value of 1 assigned Eastern China and 0 to Central and Western China. The aforementioned disparity seen in the economic and technical development of the former and the later regions necessitates that we investigate the difference between HTZconstruction’s ecological innovation effect in each of these regions. Thus, we created the cross-multiplication term of the HTZ policy and the regional dummy variable and put it into Equation (2) for estimation; the result is shown in Regression (3). It is evident that the estimated coefficient of the crossover term is positive at the 1% significance level. This result demonstrates that the HTZ construction has a significantly stronger role in promoting ecological innovation in the Eastern region than in the Central and Western ones. This is mainly because HTZ construction has reinforced the aforementioned geographical advantages and aided the accumulation of innovative elements in the Eastern region.




4.4. Analysis of Intermediary Mechanism


The foregoing results show that HTZ construction can foster improved urban ecological innovation. This may be due to the reasons mentioned in Hypothesis 3: the HTZ construction has a policy depression effect, which can attract high-quality talents and high-quality investment clusters, thereby promoting urban ecological innovation. This article will further examine these two mechanisms of change.



First, researchers examine the mediating effect of talent agglomeration. We refer to the practice of Li and Yang (2019) and use the proportion of urban science and education professionals in the total population to measure the level of talent concentration [23]. Based on this agglomeration index, Ender’s Stata program is used to estimate the intermediary effect model shown in Formulas (1), (3) and (4). The results are shown in Table 5 from Regressions (1)–(3). Regression (1) gives the estimated results of the impact of HTZ construction on urban ecological innovation, and it is evident that the HTZ coefficient is positive under the significance level of 1%. This indicates that HTZ construction have significantly promoted urban ecological innovation, which is consistent with the above conclusion. In Regression (2), the estimation coefficient for HTZ talent agglomeration is positive at the significance level of 5%. This demonstrates that the HTZ policy has significantly promoted the gathering of high-quality talents in cities and provided the foundation of human capital necessary for urban ecological advancement. Regression (3) gives the estimated results of the national HTZ policy and talent agglomeration’s impact on urban ecological innovation. The estimation coefficient of the latter is positive at the significance level of 1%. Combined with the estimation result of Regression (2), it can be determined that the HTZ policy can promote urban talent agglomeration, so that it can significantly reinforce urban ecological innovation. Still, at 0.0054, this mediating effect is relatively small and accounts for just 5.84% of the total effect. Additionally, to assess whether the intermediary mechanism of talent agglomeration is robust, we conduct the Sobel and Bootstrap tests, and results all affirm the intermediary effect of talent agglomeration at a higher confidence level. After controlling the intermediary effect of urban talent agglomeration, the estimation coefficient of HTZ policy variables in Regression (3) is still positive at the significance level of 1%. This indicates that HTZ construction can also promote urban ecological innovation, directly or indirectly.



Second, we test the intermediary effect of investment agglomeration. Referring to Li and Yang (2019), we use the ratio of urban fixed asset investment to urban administrative area to measure urban investment density, and estimate it based on the above intermediary effect model [23]. The results are shown from Regressions (4)–(6) in Table 5. Consistent with the previous analysis, the estimated coefficient of HTZ construction in Regression (4) is significantly positive at the level of 1%. From Regression (5), it is evident that the coefficient of HTZ construction is positive at the significance level of 1%. This indicates that HTZ construction has a policy depression effect and plays a significant role in promoting urban investment agglomeration. Regression (6) presents the estimated results of ecological innovation by national HTZ policy and investment agglomeration. Of these, the estimation coefficient of investment agglomeration to ecological innovation is positive at the significance level of 1%, indicating that urban fixed asset investment has green and innovative attributes. This may create a financial context conducive to urban ecological innovation. Regression (6) shows the estimated results of HTZ construction and investment agglomeration’s impact on urban ecological innovation. The estimation coefficient of investment agglomeration to ecological innovation is positive at the significance level of 1%. This indicates that urban fixed asset investment has green and innovative attributes, which may establish a financial foundation that is conducive to urban ecological innovation. Combined with the results of Regression (5), one may ascertain that HTZ construction promotes the agglomeration of investment factors, thereby facilitating urban ecological advancement. The intermediary effect of urban investment agglomeration is 0.0528, accounting for 56.57% of the total effect. It is evident that HTZ construction’s agglomeration effect on urban fixed asset investment is the primary vehicle for urban ecological innovation. The results of Sobel and Bootstrap tests also confirm the intermediary mechanism of urban investment agglomeration. After controlling the intermediary effect of investment agglomeration, the estimation coefficient of urban ecological innovation in Regression (6) is still significantly positive. This indicates that urban investment agglomeration is a partial intermediary variable, and HTZ construction can promote urban ecological innovation directly or through other mechanisms.



This analysis demonstrates that HTZ construction can promote ecological innovation by enhancing the concentration of urban talent and investment. The sum of the mediation effects of these two mechanisms is 0.0582, accounting for 62.38% of the total effect. It is evident that HTZ construction can promote urban ecological innovation largely because it agglomerates innovative elements, which may be conducive to urban ecological innovation. Thus, Hypothesis 3 has been confirmed.




4.5. Spatial Mechanism Analysis


When the government adopts preferential innovation and entrepreneurship policies, a policy depression is formed in a given city area. It serves to attract high-tech industries and innovative capital agglomeration. This raises the question of whether HTZs’ policy depression effect will plunder and siphon the ecological innovation resources and elements in surrounding areas. To answer this question, we estimate the spatial double difference model shown in Formula (5), and the results are shown in Table 6. First, Regression (1) uses the neighboring weight matrix of the province in question and the area outside of it. The results show that the regression coefficients of policy dummy variables and spatial terms are both positive, and pass the significance level test of 5%. This shows that HTZ construction will not only improve the ecological innovation in the city it is in, but have significant spillover effects on surrounding cities and other cities in the province, promoting ecological innovation there, too. Second, Regression (2) uses the intra-provincial correlation weight matrix, demonstrating that the regression coefficients of policy dummy variables and spatial terms are significantly positive at the level of 1%. This shows that HTZ construction not only improves the ecological innovation level of the city, but has a significant innovation spillover effect on other cities in the province, promoting their ecological advancement, also. Finally, Regression (3) uses the correlation weight matrix of neighboring provinces, indicating that the regression coefficient of policy dummy variables is significantly positive, but the regression coefficient of spatial terms is significantly negative at the level of 5%. This shows HTZ construction has a significant inhibitory effect on the ecological innovation of neighboring cities in other provinces. In summary, while HTZ construction enhances urban ecological innovation, it also has a significant spillover effect, which will foster ecological advancement in other provincial cities. This spillover effect is, however, limited to the inner cities of the province. In neighboring cities in other provinces, HTZ construction will significantly inhibit ecological innovation. Thus, Hypothesis 4 was only partially confirmed. As previously stated, cities are placed under the jurisdiction of the provincial government; those in the same province have formed cooperative relationships for innovation and cooperation under the unified planning and guidance of that government. However, under the promotion tournament mechanism of centralized political power, the developmental competition between provincial governments spreads to the city or even enterprise level. This results in a disorderly competition pattern in which cities in different provinces and regions rob each other of resources for technological innovation. Thus, HTZ construction‘s ecological innovation effect entails “cooperation within the province and competition outside the province” at the spatial level.





5. Conclusions


High-tech zones constitute an important policy measure for the transition to an innovative economy and serve as spaces for the nation to explore regional innovation development paths with Chinese characteristics. They are also important vehicles for implementing innovation-driven development strategy and promoting high-quality economic development. The HTZ is essentially a policy-guided high-tech industry cluster area. With the aid of national policy advantages that gather innovative resources and develop high-tech industries, it promotes the innovative development and sustainable development of the urban economy. To determine whether national HTZ construction can promote urban ecological innovation, this study used panel data from 215 Chinese cities spanning from 2003 to 2016. It empirically analyzed HTZ policy’s impact on urban ecological innovation and the mechanisms of this influence. The main conclusions are as follows.



First, HTZ construction can effectively promote urban ecological innovation, and this ecological innovation effect has significant spatial heterogeneity. Moreover, HTZ construction is more impactful in promoting ecological innovation activities in core cities, cities in eastern regions, and cities with high-quality scientific and educational resources than they are in peripheral cities, cities in central and western regions and cities with sub-par scientific and educational resources. Thus, when formulating and promoting HTZ policy, we should adhere to the principle of adjusting measures to local conditions—fully accounting for the differences in economic and technological development between regions. It is also necessary to adopt diversified policies and measures to maximize the ecological innovation effect.



Second, the analysis of intermediary mechanisms showed that HTZ construction has a policy depression effect and factor agglomeration effect, which are key contributors to urban ecological advancement. Specifically, HTZ construction, and the accompanying preferential policies, foster the agglomeration of urban innovation factors (including high-quality talents and fixed asset investment), which promotes urban ecological advancement. Moreover, HTZ construction’s investment agglomeration effect is the chief mechanism through which urban ecological innovation is enhanced. Thus, in the construction process, we must prioritize the need to attract high-quality innovative capital and superior talents—the presence of which is conducive to urban ecological innovation. For their part, cities without HTZs should gather innovative elements by formulating preferential policies and optimizing the business environment to promote urban ecological innovation.



Third, the spatial effect analysis showed that HTZ construction’s ecological innovation effect is marked by “cooperation within the province and competition outside the province”. Specifically, HTZ construction not only promotes ecological innovation in their locality, it has a significant spillover effect on the ecology of other provincial cities may also bolster ecological innovation therein. Yet, the analysis also found that the HTZ construction has a significant siphoning effect on neighboring cities outside the province: suppressing the ecological innovation in those locales. Accordingly, all regions should strengthen inter-provincial ecological innovation cooperation by establishing cooperation parks and collaborative innovation relations. It is necessary to support and improve inter-provincial transportation and information, as well as other infrastructure. This may improve the inter-provincial innovation and cooperation network and maximize the HTZ construction driving effect both in urban spaces and beyond.



Finally, it is necessary to discuss study implications. First, this paper does not investigate the micro-mechanisms of the impact of HTZ construction on urban ecological innovation. Enterprises are the micro-main body of innovation activities, but, due data limitations, this paper does not investigate the micro-ecological innovation effect HTZ construction. Second, this paper discusses the spatial effect of HTZ construction, and observes that the ecological innovation effect has the spatial characteristics of “cooperation within the province and competition outside the province”, yet it does not provide another case study to illustrate this mechanism.
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Table 1. Data characteristics.






Table 1. Data characteristics.





	Variables
	Sample Size
	Mean Value
	Standard Deviation
	Minimum Value
	Maximum Value
	Correlation





	eco-innovation
	3007
	0.0860
	0.2508
	0.0000
	5.8308
	1



	HTZ
	3010
	0.1093
	0.3121
	0.0000
	1.0000
	0.3614 *



	treat
	3010
	0.3767
	0.4847
	0.0000
	1.0000
	0.2089 *



	fdi
	3008
	0.0242
	0.0282
	0.0000
	0.4540
	0.1557 *



	hum
	2989
	0.0090
	0.0114
	0.0000
	0.1205
	0.2889 *



	pgdp
	3007
	8.1857
	0.7244
	0.0000
	11.0047
	−0.0473 *



	fin
	3008
	1.8451
	0.6817
	0.5081
	8.7774
	0.1826 *



	ind
	3010
	0.8355
	0.0911
	0.0000
	0.9967
	0.2839 *



	gov_tec
	3010
	0.0093
	0.0104
	0.0000
	0.2068
	0.4870 *



	entre
	3010
	0.0778
	0.0692
	0.0000
	1.2411
	0.6036 *







Note: * p < 0.1.
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Table 2. Benchmark regression.






Table 2. Benchmark regression.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)




	
Variables

	
inno

	
inno

	
inno

	
inno

	
inno

	
inno

	
inno






	
HTZ

	
0.2903 ***

	
0.2144 ***

	
0.1624 ***

	
0.1541 ***

	
0.0933 ***

	
0.0969 ***

	
0.1201 ***




	
(0.0137)

	
(0.0147)

	
(0.0168)

	
(0.0145)

	
(0.0131)

	
(0.0146)

	
(0.0174)




	
treat

	

	

	
0.0611 ***

	

	

	

	




	

	

	
(0.0098)

	

	

	

	




	
Control variable

	
N

	
N

	
N

	
N

	
Y

	
Y

	
Y




	
Time effect

	
N

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Individual effect

	
N

	
N

	
N

	
Y

	
Y

	
Y

	
Y




	
Constant

	
0.0543 ***

	
0.0084

	
−0.0149

	
0.0077

	
0.8161 ***

	
0.8536 ***

	
0.9666 ***




	

	
(0.0045)

	
(0.0156)

	
(0.0160)

	
(0.0124)

	
(0.1489)

	
(0.1568)

	
(0.1749)




	
Observations

	
3007

	
3007

	
3007

	
3007

	
2981

	
2769

	
2554




	
R-squared

	
0.1306

	
0.1811

	
0.1916

	
0.2279

	
0.4173

	
0.4240

	
0.3695




	
Number of cities

	
215

	
215

	
215

	
215

	
215

	
215

	
215








Note: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors in parentheses.
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Table 3. Robustness test.






Table 3. Robustness test.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Variables

	
inno

	
inno

	
inno

	
inno

	
inno

	
inno






	
HTZ

	
0.2175 ***

	
0.0560 ***

	
0.0725 ***

	
−0.0039

	
−0.0048

	
−0.0169




	
(0.0249)

	
(0.0103)

	
(0.0133)

	
(0.0125)

	
(0.0123)

	
(0.0124)




	
innocity

	

	

	
0.0742 ***

	

	

	




	

	

	
(0.0225)

	

	

	




	
agglomeration

	

	

	
0.0609 ***

	

	

	




	

	

	
(0.0119)

	

	

	




	
HSR

	

	

	
0.0351 ***

	

	

	




	

	

	
(0.0126)

	

	

	




	
Control variable

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Time effect

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Individual effect

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Constant

	
2.4190 ***

	
0.3841 ***

	
2.2310 ***

	
0.9324 ***

	
0.9309 ***

	
0.9111 ***




	

	
(0.2823)

	
(0.1250)

	
(0.2793)

	
(0.1501)

	
(0.1501)

	
(0.1504)




	
Observations

	
2981

	
2067

	
2981

	
2981

	
2981

	
2981




	
R-squared

	
0.5079

	
0.4068

	
0.5215

	
0.4066

	
0.4066

	
0.4070




	
Number of cities

	
215

	
148

	
215

	
215

	
215

	
215








Note: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors in parentheses.
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Table 4. Analysis of adjustment mechanism.






Table 4. Analysis of adjustment mechanism.





	

	
(1)

	
(2)

	
(3)




	
Variables

	
inno

	
inno

	
inno






	
HTZ

	
0.0442 ***

	
0.0870 ***

	
0.0858 ***




	
(0.0159)

	
(0.0135)

	
(0.0134)




	
   HTZ × hierarchy   

	
0.1290 ***

	

	




	
(0.0481)

	

	




	
   HTZ × education   

	

	
0.0903 **

	




	

	
(0.0443)

	




	
   HTZ × location   

	

	

	
0.1253 ***




	

	

	
(0.0231)




	
Control variable

	
Y

	
Y

	
Y




	
Time effect

	
Y

	
Y

	
Y




	
Individual effect

	
Y

	
Y

	
Y




	
Constant

	
0.7667 ***

	
0.8176 ***

	
0.8155 ***




	

	
(0.1484)

	
(0.1488)

	
(0.1487)




	
Observations

	
2981

	
2981

	
2981




	
R-squared

	
0.4235

	
0.4182

	
0.4188








Note: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors in parentheses.
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Table 5. Analysis of intermediary mechanism.






Table 5. Analysis of intermediary mechanism.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
Variables

	
inno

	
talent

	
inno

	
inno

	
invest

	
inno






	
HTZ

	
0.0933 ***

	
0.0032 **

	
0.0878 ***

	
0.0933 ***

	
0.0400 ***

	
0.0405 ***




	
(0.0131)

	
(0.0013)

	
(0.0129)

	
(0.0131)

	
(0.0035)

	
(0.0126)




	
talent

	

	

	
1.7279 ***

	

	

	




	

	

	
(0.1891)

	

	

	




	
investment

	

	

	

	

	

	
1.3202 ***




	

	

	

	

	

	
(0.0670)




	
Control variable

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Time effect

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Individual effect

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Constant

	
0.8544 ***

	
0.3322 ***

	
0.2804

	
0.8576 ***

	
0.3586 ***

	
0.3841 **




	
(0.1652)

	
(0.0164)

	
(0.1744)

	
(0.1653)

	
(0.0441)

	
(0.1566)




	
Sobel test

	
0.0054 (z = 2.336, p = 0.019)

	
0.0528 (z = 9.883, p = 0.000)




	
Bootstrap test (ind_eff)

	
0.0054 (z = 2.45, p = 0.014)

	
0.0528 (z = 5.09, p = 0.000)




	
Bootstrap test (dir_eff)

	
0.0878 (z = 4.57, p = 0.000)

	
0.0405 (z = 2.42, p = 0.015)




	
Mediating effect proportion

	
5.84%

	
56.57%




	
Observations

	
2981

	
2981

	
2981

	
2980

	
2980

	
2980




	
R-squared

	
0.6373

	
0.8546

	
0.6480

	
0.6373

	
0.8201

	
0.6823








Note: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors in parentheses.
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Table 6. Siphoning effect and spillover effect of HTZs.
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(1)

	
(2)

	
(3)




	
Correlation Effect Range

	
Province-Related and Outside the Province Cities

	
Province-Related

	
Neighboring Cities Outside the Province






	
HTZ

	
0.0941 ***

	
0.0937 ***

	
0.0900 ***




	
(0.0131)

	
(0.0131)

	
(0.0131)




	
W × HTZ

	
0.0077 **

	
0.0153 ***

	
−0.0363 **




	
(0.0038)

	
(0.0042)

	
(0.0102)




	
Control variable

	
Y

	
Y

	
Y




	
Time effect

	
Y

	
Y

	
Y




	
Individual effect

	
Y

	
Y

	
Y




	
Constant

	
0.7971 ***

	
0.7783 ***

	
0.8118 ***




	
(0.1488)

	
(0.1486)

	
(0.1483)




	
N

	
3010

	
3010

	
3010




	
R-squared

	
0.4307

	
0.4324

	
0.2960








Note: *** p < 0.01, ** p < 0.05, and * p < 0.1. Standard errors in parentheses.
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